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> On Mar 23, 2015, at 12:06 PM, Scott Allen Jackson <sjackson@uga.edu> wrote:
>
> I'll call in a bit
>
> Sent from my iPhone
>
>> On Mar 23, 2015, at 10:27 AM, Jeremy Schmutz <jschmutz@hudsonalpha.org> wrote:
>>
>>
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Accomplishments
* What are the major goals of the project?


The goals of the projec to leverage diversity in soybean are:


First, overlay diversity maps onto the soybean sequence map—genetic diversity is a highly constraining factor in soybean
and may, in fact, be one of the reasons that yield gains have been practically stagnant relative to other crops, such as
maize. Genetic diversity is also important for genetic analysis of traits and pathways, which in turn, is necessary to begin
to functionally annotate the soybean genome. We will develop genomic tools in both annual and perennial Glycine
species that will allow researchers to capitalize on available, naturally occurring genetic diversity for basic and applied
genetics of soybean.
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Major Activities:


Specific Objectives:


Significant Results:


Second, develop tools for transferring and tracking of useful diversity—genetic variation, of which there is little in
soybean, is important for plant improvement and genetic/genomics dissection of traits/processes. Thus one goal is to
develop tools/methodologies (linkage disequilibrium studies) to utilize genetically variable genomic segments and to
precisely track that variation.


Third, integrate with other legumes—to capitalize on the soybean genome. It is necessary to extend its usefulness to
other so-called ‘orphan’ legumes such as common bean (included in this proposal). However, this is not unidirectional as
benefits flow back to soybean as well.


Fourth, understand the role of polyploidy in the evolution of this species and more generally for plant and crop evolution.
Soybean and its relatives present a unique view of neopolyploidy and diploidization (the most recent events are only
50,000 years old!). 


* What was accomplished under these goals (you must provide information for at least one of the 4
categories below)?


Details are in attached 'findings summary' but highlights include:


1) Our data was used to resolve some inconsiistencies in the reference soybean
genome that was updated in 2013.


2) Estimates of nucleotide diversity among populations of the wild, perennial Glycine
species have been reported for the first time and 2-3 fold higher than either G. soja or
cultivated G. max.


3) G. canescens is the most diverst of the wild perennial species. An F2 population with
G. canescens was created and is being mapped by genotyping by sequencing.


4) Analysis of many gene sets shows extensive gain/loss of genes. This is most
exemplefied by the Rpp4 locus being examined by the Graham lab where they have
found retention of the gene within some perennial lineages and loss/partial loss in
others.


5) Data from BAC end sequences, chloroplast sequencing, RNA-seq and WGS has
been deposited in public repositories and a public soybean genome database
(soybase.org) where users can interact with these datasets mapped to the soybean
reference genome.


Details are in attached 'findings summary' but highlights include:


1) Our data was used to resolve some inconsiistencies in the reference soybean
genome that was updated in 2013.


2) Estimates of nucleotide diversity among populations of the wild, perennial Glycine
species have been reported for the first time and 2-3 fold higher than either G. soja or
cultivated G. max.


3) G. canescens is the most diverst of the wild perennial species. An F2 population with
G. canescens was created and is being mapped by genotyping by sequencing.


4) Analysis of many gene sets shows extensive gain/loss of genes. This is most
exemplefied by the Rpp4 locus being examined by the Graham lab where they have
found retention of the gene within some perennial lineages and loss/partial loss in
others.


5) Data from BAC end sequences, chloroplast sequencing, RNA-seq and WGS has
been deposited in public repositories and a public soybean genome database







Key outcomes or Other
achievements:


(soybase.org) where users can interact with these datasets mapped to the soybean
reference genome.


see attachement


* What opportunities for training and professional development has the project provided?


Many of the graduate students have already graduated during the course of the project. In 2012-2014, 4 from the Jackson
lab graduated and all have been placed in positions in industry or postoctoral positions.  


Outreach: 


SoyMap II’s outreach efforts continue to focus on recruiting motivated undergraduate students


for summer research internships while promoting plant bioinformatics and genomics. Although


there have been many challenges along the way, SoyMap II has continued to learn from its


experiences and continues to excel in its outreach efforts by building relationships with minority


programs and institutions, building community trust, and strengthening  its commitment to listen,


learn and adapt to the needs of the minority groups it serves. In 2013, the SoyMap II project


was especially successful in its efforts to recruit quality students and improve student and mentor


achievement and advancement.


As mentioned in last year’s annual report, during the fall of 2012, SoyMap II assisted the


American Society of Plant Biologists (ASPB) in planning and hosting a professional development


workshop in Albuquerque, NM. SoyMap II was key in recruiting close to one hundred attendees


from over twenty-five minority serving institutions. In addition to planning the meeting, SoyMap


II also provided a plenary speaker from the group (Dr. Michelle Graham  - USDA –ARS) and


hosted a hands-on workshop that encouraged students and faculty to interact with SoyMap


II researchers and former student interns. The workshop was very successful in bridging


information gaps, breaking social and intimidation barriers and bringing students opportunities


in plant research not often found in the area. Because of SoyMap II’s continued efforts and


the strong impact of our workshop, the SoyMap II Summer Research Program increased its


application numbers by over 200% and increased applications from many new institutions.


The quality of applicants also improved, as students put more effort in preparing cover letters,


resumes and submitting letters of recommendations than previous years. Although there were not


enough positions for all the strong applicants, SoyMap II was able to host five students over the


summer and helped place an additional ten students into other NSF and NIH summer research


programs.







In 2013, three students (Leorrie Atencio, Justin Salazar and Alyssa Trueba) worked with Michelle


Graham and Steve Whitham from Iowa State and the USDA-ARS while the other two (Sealtiel


Rodriguez and Jonathan Tsosie) worked at the University of Georgia. Their hard work and


dedicated mentors helped prepare them to complete and present their summer research. Leorrie


and Justin presented their work at the Society for the Advancement of Chicanos and Native


Americans in Science (SACNAS) National Conference where Leorrie was awarded a poster


award to attend the 2014 ASPB meeting in Portland Oregon. Leorrie’s research also earned her


the Peter A. Peterson Graduate Student Award for Research Excellence in either the Genetics


or Molecular, Cellular and Developmental Biology (MCDB) graduate programs at Iowa State


University. This award recognizes students with great potential for academic excellence in


biological research in the areas of genetics and molecular cellular and developmental biology.


Because of Leorrie's hard work, determination and accomplishments during this summer's


internship, Leorrie's summer research advisor and mentor, Dr. Michelle Graham, nominated


her for this award. The Peterson award will provide a stipend for a one year Ph.D. Research


Rotation Assistantship in Genetics or in MCDB at Iowa State University. Leorrie comes from a


small college and did not have any research experience or career opportunities after graduation.


Leorrie planned to continue working as a secretary at Los Alamos National Labs but because


of her success this summer, her confidence has skyrocketed and she has applied to grad


school and has already been accepted into Iowa State.  Since returning home from their summer


internships, Leorrie and Justin have been working with Michelle Graham, Michael Gonzales


and Northern New Mexico College mentors Ivette Guzman and Mario Izaguirre to use RNAseq


expression data and bioinformatics to help understand how soybean plants respond to short and


long-term iron stress.


The SoyMap II team would like to host another hands-on workshop in addition to continuing to


recruit for summer internships. The SoyMap II outreach program will also continue its efforts


building and expanding relationships with the Native American and Hispanic communities


of New Mexico, Texas, Arizona and Colorado. As part of SoyMap II’s outreach activities, a


number of minority serving institutions in the southwest will be visited to promote awareness and


understanding of our project in person. A number of institutional, program and email lists will


also be contacted and utilized to advertise summer research positions as well as via SoyMap II’s







website (http://www.soymap.org/outreach). SoyMap II will also continue to work with societies


such as ASPB and will attend and recruit students from annual minority science meetings


(SACNAS: Society for the Advancement of Chicanos and Native Americans in Science, AISES:


American Indian Science and Engineering Society, and ABRCMS: Annual Biomedical Research


Conference for Minority Students).


Additional information from coPI Graham on interns hosted in her lab in 2013


Our lab hosted three undergraduate students from New Mexico in the summer of 2013. Students were placed in the George
Washing Carver Internship Program to allow them to interact with other interns from across the United States. Interns
developed a portfolio of their work over the summer and presented their research findings at the end of the summer. Leorrie
Atencio received the Peter A. Peterson Award for Research Excellence in Genetics and Genomics. This award provides 1
year funding for graduate school at Iowa State University. Based on the success of the project, Leorrie was invited to present
her research at the Society for the Advancement of Chicanos and Native Americans in Science Annual meeting (October
2013). While at the meeting, Leorrie was awarded a travel grant to the American Society for Plant Biology meeting in
Summer 2014.


We have continued to work with Leorrie and Justin over the school year. Since both were enrolled at Northern Northern New
Mexico College, we established a long distance independent study. Leorrie and Justin are learning bioinformatic skills to
identify differentially expressed genes from the plant tissue and RNA they generated during their summer internships. We
communicate weekly by Skype to make sure the students and research are progressing.


* How have the results been disseminated to communities of interest?


Data has been released (see numbers below) and is also available at soybase.org (see attached 'Findings and Results').


* Chloroplast sequences PopSet: 514252878


* All raw and processed BAC-end sequence data sets and associated data in the


project (genomic mappings, statistics, etc.) have been made available here:


http://soybase.org/data_distribution/soymap/


* Central access to the genome browser views and data:


http://soybase.org/soymap2/


* The genome browsers (with respect to assembly v1.0 and 2.0):


http://soybase.org/gb2/gbrowse/gmax1.01/ (tracks under “SoyMap2”)


http://soybase.org/gb2/gbrowse/gmax2.0/ (tracks under “SoyMap2”)


* What do you plan to do during the next reporting period to accomplish the goals?


We are in NCE now and will be finishing up manuscripts and data analysis.
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All data is integrated here.


Participants/Organizations
What individuals have worked on the project?


Name Most Senior Project Role Nearest Person Month Worked


Jackson, Scott PD/PI 2


Cannon, Steven Co PD/PI 2


Cregan, Perry Co-Investigator 2


Graham, Michelle Co-Investigator 2


Jianxin, Ma Co-Investigator 2


Schlueter, Jessica Co-Investigator 2


Dash, Sudhansu Postdoctoral (scholar, fellow or other postdoctoral position) 2


Huang, Wei Postdoctoral (scholar, fellow or other postdoctoral position) 2


Hwang, Eun-Young Postdoctoral (scholar, fellow or other postdoctoral position) 3


Iwata, aiko Postdoctoral (scholar, fellow or other postdoctoral position) 3


Song, Qijian Postdoctoral (scholar, fellow or other postdoctoral position) 2


Zhao, Meixia Postdoctoral (scholar, fellow or other postdoctoral position) 3


Abernathy, Brian Technician 2


Bombarley, Aureliano Technician 6


Sherman-Broyles, Sue Technician 12



http://www.soybase.org/

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_0

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_1

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_2

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_3

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_4

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_5

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_6

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_7

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_8

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_9

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_10

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_11

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_12

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_13

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_14





Doyle, Jane Staff Scientist (doctoral level) 6


Weeks, Nathan Staff Scientist (doctoral level) 3


Chavarro, carolina Graduate Student (research assistant) 3


Powell, Adrian Graduate Student (research assistant) 12


Atencio, Leorrie Undergraduate Student 3


Barfield, Sarah Undergraduate Student 3


Button, Jason Undergraduate Student 3


Richard, Craig Undergraduate Student 3


Salazar, Justin Undergraduate Student 3


Trueba, Alyssa Undergraduate Student 3


Wang, Amy Undergraduate Student 6


Gonzales, Michael Consultant 12


Full details of individuals who have worked on the project:


Scott A Jackson
Email: sjackson@uga.edu
Most Senior Project Role: PD/PI
Nearest Person Month Worked: 2


Contribution to the Project: Direcotor


Funding Support: NSF


International Collaboration:  No 
International Travel:  No


Steven B Cannon
Email: scannon@iastate.edu
Most Senior Project Role: Co PD/PI
Nearest Person Month Worked: 2


Contribution to the Project: copi and databasing


Funding Support: NSF


International Collaboration:  No 
International Travel:  No



https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_15

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_16

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_17

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_18

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_19

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_20

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_21

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_22

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_23

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_24

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_25

https://reporting.research.gov/rppr-web/rppr?execution=e1s12#participant_26





Perry Cregan
Email: perry.cregan@ars.usda.gov
Most Senior Project Role: Co-Investigator
Nearest Person Month Worked: 2


Contribution to the Project: genetic analysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Michelle Graham
Email: michelle.graham@ars.usda.gov
Most Senior Project Role: Co-Investigator
Nearest Person Month Worked: 2


Contribution to the Project: Disease resistance locus and outreach


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Ma Jianxin
Email: maj@purdue.edu
Most Senior Project Role: Co-Investigator
Nearest Person Month Worked: 2


Contribution to the Project: repeat analysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Jessica Schlueter
Email: jschlet@uncc.edu
Most Senior Project Role: Co-Investigator
Nearest Person Month Worked: 2


Contribution to the Project: data analysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Sudhansu Dash
Email: steven.cannon@ars.usda.gov
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position)
Nearest Person Month Worked: 2







Contribution to the Project: databasing


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Wei Huang
Email: steven.cannon@ars.usda.gov
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position)
Nearest Person Month Worked: 2


Contribution to the Project: databasing


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Eun-Young Hwang
Email: perry.cregan@ars.usda.gov
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position)
Nearest Person Month Worked: 3


Contribution to the Project: data generation/analysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


aiko Iwata
Email: sjackson@uga.edu
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position)
Nearest Person Month Worked: 3


Contribution to the Project: cytognetics


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Qijian Song
Email: perry.cregan@ars.usda.gov
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position)
Nearest Person Month Worked: 2


Contribution to the Project: data generation


Funding Support: nsf







International Collaboration:  No 
International Travel:  No


Meixia Zhao
Email: maj@purdue.edu
Most Senior Project Role: Postdoctoral (scholar, fellow or other postdoctoral position)
Nearest Person Month Worked: 3


Contribution to the Project: repeat evolution


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Brian Abernathy
Email: bla@uga.edu
Most Senior Project Role: Technician
Nearest Person Month Worked: 2


Contribution to the Project: computation support


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Aureliano Bombarley
Email: jjd5@cornell.edu
Most Senior Project Role: Technician
Nearest Person Month Worked: 6


Contribution to the Project: Data generation


Funding Support: NSF


International Collaboration:  No 
International Travel:  No


Sue Sherman-Broyles
Email: sls98@cornell.edu
Most Senior Project Role: Technician
Nearest Person Month Worked: 12


Contribution to the Project: Data analysis


Funding Support: NSF


International Collaboration:  No 
International Travel:  No







Jane Doyle
Email: jjd5@cornell.edu
Most Senior Project Role: Staff Scientist (doctoral level)
Nearest Person Month Worked: 6


Contribution to the Project: data generation/analysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Nathan Weeks
Email: steven.cannon@ars.usda.gov
Most Senior Project Role: Staff Scientist (doctoral level)
Nearest Person Month Worked: 3


Contribution to the Project: databasing


Funding Support: USDA


International Collaboration:  No 
International Travel:  No


carolina Chavarro
Email: sjackson@uga.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 3


Contribution to the Project: evolutionary analysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Adrian Powell
Email: jjd5@cornell.edu
Most Senior Project Role: Graduate Student (research assistant)
Nearest Person Month Worked: 12


Contribution to the Project: Data anlaysis/generation


Funding Support: NSF


International Collaboration:  No 
International Travel:  No


Leorrie Atencio
Email: mgonzales@soymap.org
Most Senior Project Role: Undergraduate Student
Nearest Person Month Worked: 3







Contribution to the Project: REU from New Mexico


Funding Support: Data anlaysis


International Collaboration:  No 
International Travel:  No


Sarah Barfield
Email: jjd5@cornell.edu
Most Senior Project Role: Undergraduate Student
Nearest Person Month Worked: 3


Contribution to the Project: data analysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Jason Button
Email: jjd5@cornell.edu
Most Senior Project Role: Undergraduate Student
Nearest Person Month Worked: 3


Contribution to the Project: data generation


Funding Support: NSF


International Collaboration:  No 
International Travel:  No


Craig Richard
Email: jjd5@cornell.edu
Most Senior Project Role: Undergraduate Student
Nearest Person Month Worked: 3


Contribution to the Project: data anlaysis


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Justin Salazar
Email: mgonzales@soymap.org
Most Senior Project Role: Undergraduate Student
Nearest Person Month Worked: 3


Contribution to the Project: REU from New Mexico


Funding Support: NSF







International Collaboration:  No 
International Travel:  No


Alyssa Trueba
Email: mgonzales@soymap.org
Most Senior Project Role: Undergraduate Student
Nearest Person Month Worked: 3


Contribution to the Project: REU from New Mexico


Funding Support: NSF


International Collaboration:  No 
International Travel:  No


Amy Wang
Email: jjd5@cornell.edu
Most Senior Project Role: Undergraduate Student
Nearest Person Month Worked: 6


Contribution to the Project: Data generation


Funding Support: nsf


International Collaboration:  No 
International Travel:  No


Michael Gonzales
Email: mgonzales@soymap.org
Most Senior Project Role: Consultant
Nearest Person Month Worked: 12


Contribution to the Project: outreach coordination


Funding Support: NSF


International Collaboration:  No 
International Travel:  No


What other organizations have been involved as partners?
Nothing to report.


Have other collaborators or contacts been involved? No


Impacts
What is the impact on the development of the principal discipline(s) of the project?


The overlayment of diversity on the reference genome has been useful to understand the impact of selection on the genetic
architecture of modern soybean and will be critical to improvement of soybean in the future by selecting genotypes for
introgression with specific traits/genes.







What is the impact on other disciplines?
Nothing to report.


What is the impact on the development of human resources?
Nothing to report.


What is the impact on physical resources that form infrastructure?
Nothing to report.


What is the impact on institutional resources that form infrastructure?
Nothing to report.


What is the impact on information resources that form infrastructure?
Nothing to report.


What is the impact on technology transfer?
Nothing to report.


What is the impact on society beyond science and technology?
Nothing to report.


Changes/Problems


Changes in approach and reason for change
Nothing to report.


Actual or Anticipated problems or delays and actions or plans to resolve them
Nothing to report.


Changes that have a significant impact on expenditures
Nothing to report.


Significant changes in use or care of human subjects
Nothing to report.


Significant changes in use or care of vertebrate animals
Nothing to report.


Significant changes in use or care of biohazards
Nothing to report.
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Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Devlin, Morgan


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Lee, Kuan-Hsien


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Wert, Jesse


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Kupke, James


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry, Comboscreen J
maintenance and program updating (computer program)


Name: Stansberry, Alisha







Final Report: 0501877


Page 3 of 12
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Activities and Findings


Research and Education Activities:
Research:
We developed a BAC-based physical map (manuscript in review) and used that as a substrate 
to define and analyze duplicated segments in the soybean genome. This information was key 
to the eventual sequencing of the soybean genome that was an outcome of this project 
(Schmutz et al. Nature. 2010).  Four graduate students, 2 female/2 male, were graduated 
during the course of the project and several postdocs and technicians were trained.


Findings: (See PDF version submitted by PI at the end of the report)
1. Sequence map of the soybean genome (Schmutz et al. Nature 2010)
2. Evolution of duplicated genomic segments (Schlueter et al. Genetics 2008; Schlueter et al. 
The Plant Genome. 2007; Bindu et al. The Plant Genome 2009; Walling et al. Genetics 2005)
3. Development of a BAC-based physical map for soybean (Wu et al. BMC Genomics. 2008)
4. Centromere structure and evolution within Glycine (Gill et al. Plant Physiol. 2009)


Training and Development:
TRAINING
For summer interns, please see the Outreach section of the report.

Purdue University
Christian Hans is a graduate student is currently relating molecular linkage groups with 
soybean chromosomes via FISH. He is hybridizing BACs associated with markers from 
different linkage groups to mitotic chromosomes. Christian?s research includes squashes 
and spreads soybean chromosomes, isolation of BAC and soybean genomic DNA, and 
labeling and hybridizing FISH probes.
   Other graduate students that participated on this project include: Jer-young Lin (PhD 
2009) and Navdeep Gill (PhD 2009).
There are 13 undergraduates who participate in some capacity on this project: preparation 
of solutions, preparation of filters for exposure to phospho-imaging plates, scanning of 
the phospho-imaging plates, deconvolution of the data, etc. 
	About 50% of the undergraduates and researchers in the lab are women, and about 
35% are from diverse groups, such as African-American, Asian American, and Hispanic.
      Postdoctoral training on this project at Purdue included Dr. Jer-Young Lin, Dr. Jessica 
Schlueter (now Assistant Prof at Univ. North Carolina Charlotte) and Dr. Anne Roulin.


Iowa State University
A PhD graduate student, Ms. Bindu Joseph, is currently supported by the Project. Ms. 
Joseph's research project entails the development of high-integrity physical maps on LG I  
and homoeologous regions on LG O. The overarching objective of her project is to identify 
the gene(s) responsible for a major seed protein QTL identified on LG I, and the putative 
corresponding gene(s) responsible for a minor seed protein QTL within the corresponding 
region of LG O. Achieving her objective requires significant wet-lab confirmation of FPC-
generated contig organization.  As a result of this, she is skilled in FPC, and development 
of physical and genetic maps. She supports the project anchoring of BACs through SSR 
discovery and confirmation of contig integrity.
An undergraduate student is learning routine molecular genetic and computer techniques 
and is being taught how to apply them in a team laboratory setting. Some of the 
techniques the student is learning are SSR discovery and mapping, gel preparation, and 
PCR reaction scoring.
Half of the personnel working on the project are women.
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Arizona Genomics Institute, University of Arizona
Over 50% of the researchers contributing to this project are women, and about 44% are 
from diverse groups, such as Asian and Hispanic groups.



Outreach Activities:
OUTREACH ACTIVITIES
Background/Rationale: The large presence of Native Americans and Hispanics in New 
Mexico and its surrounding areas present a unique opportunity to increase minority 
participation as well as benefit from and serve a diverse student population. New Mexico 
undergraduate and technical schools serve large populations of American Indian, Hispanic, 
and students from rural communities.
 
Objectives:  Our focus is to recruit motivated undergraduate and graduate students from 
New Mexico, Arizona and Texas to build relationships with local minority programs and 
institutions.   We will provide opportunities that promote bioinformatics and genomics 
research activities seldom encountered in the state and region.  We will accomplish these 
objectives through outreach discussions, participation in regional conferences, and 
through interactions with local and regional universities, colleges and interest groups.  Our 
current activities are outlined below:

Outreach
Interns and mentors
--------- Summer 2006 ----------

Jeremy Espinoza - New Mexico Institute of Mining and Technology (NM
Tech), Socorro, New Mexico ? Hispanic Male ? NCGR Summer 2006

Jamie Garcia, Santa Fe Community College (SFCC), Santa Fe, New Mexico
? Hispanic/Native American Female - Purdue University Summer 2006

Britney A. Koepf, Hiram College, Hiram, Ohio ? Caucasian Female -
Purdue University Summer 2006

Julie Morrow, Central New Mexico College (CNM), Albuquerque, New
Mexico Caucasian Female ? Iowa State Summer 2006

Candace Reveles, University of Arizona, Tucson, Arizona ? Hispanic
Female ? University of Arizona Summer 2006

Rosana Alcoverde, University of Arizona, Tucson, Arizona ? Hispanic
Female ? University of Arizona Summer 2006

--------- Summer 2008 ----------
Marie Romero, New Mexico State University, Las Cruces, New Mexico ?
Hispanic Female ? Iowa State Summer 2008

Robert Coy, San Juan College, Farmington, New Mexico ? Native American
Male ? University of Missouri Summer 2008

Rebecca Duran, New Mexico State University, Las Cruces, New Mexico ?
Hispanic Female ? University of Missouri Summer 2008

Jesus Torres - Central New Mexico College (CNM), Albuquerque, New
Mexico ?- Hispanic Male ? University of Arizona 2008
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--------- Summer 2009 ----------

Marie Romero, New Mexico State University, Las Cruces, New Mexico -
Hispanic Female ? Hudson Alpha Summer 2009

Jessica Duarte, New Mexico State University, Las Cruces, New Mexico ?
Hispanic Female ? Iowa State University Summer 2009

Roberto Sena, New Mexico Highlands University, Las Vegas, New Mexico ?
Hispanic ? Male ? New Mexico/Purdue Intern 2009

Brittany 1 ? Purdue Intern Summer 2009-- Not sure of their full name,
alma mater or ethnicity
Brittany 2 ? Purdue Intern Summer 2009 -- Not sure of their full name,
alma mater or ethnicity


Mentors:
Pat 'Doc' Khalsa, Northern New Mexico College, Espanola, New
Mexico ? Caucasian Male ? NCGR Summer 2007

Lonny Montoya, New Mexico Highlands University, Las Vegas, New Mexico
? Hispanic Male ? New Mexico/Pudue Mentor 2009

Publications including interns

BIOINFORMATIC AUTOMATION APPROACH TO QUALITY ASSESSMENT OF HIGH 
THROUGHPUT DNA SEQUENCING DATA
Rosanna Alcoverde, Andrea Zuccolo, Aswathy Sebastian, Michele
Braidotti, Dave Kudrna, Rod A. Wing Arizona Genomics Institute, Dept.
Plant Sciences/BIO5,
University of Arizona, Tucson AZ

USING BIOINFORMATICS AND COMPARATIVE GENOMICS TO DETERMINE ESTS THAT ARE 
DIFFERENTIALLY EXPRESSED DURING PHYTOPHTHORA SOJAE INFECTION OF SOYBEAN
Jeremy Espinoza, Kamal Gajendran, Michael Gonzales, Gregory D. May 1,2 1 1 1
1National Center for Genome Resources, Santa Fe, NM, USA
2New Mexico Institute of Mining and Technology, Socorro, NM, USA

USING RNAi SILENCING TO EXPLORE GENE FUNCTION DURING SOYBEAN NODULATION
Britney A. Koepf?, Manju Govindarajulu ?, Marc Libault?, Laurent
Brechenmacher?, Chris Taylor ? and Gary Stacey? 1National Center for
Soybean Biotechnology, Division of Plant Sciences, University of
Missouri, Columbia, MO ?65211; 2 Donald Danforth Plant Science Center,
975 North Warson Road, St. Louis, Missouri 63132

CONSTRUCTION OF BAC CLONE SHOTGUN LIBRARIES FOR COMPARATIVE SEQUENCE 
ANALYSIS OF THE SHORT-ARMS OF CHROMOSOME 3 OF FOUR ORYZA SPECIES
Candace Y. Reveles, Jayson D. Talag, David A. Kudrna, Rod A. Wing
Arizona Genomics Institute, Dept. Plant Sciences/BIO5,
University of Arizona, Tucson AZ

Talks by outreach coordinator, Michael Gonzales
Michael D. Gonzales. ?From alternative fuels to new medicines? using
biology, math and computers to make new discoveries.? SACNAS Annual
Conference, Kansas City, MO. October 2007.
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Michael D. Gonzales. ?Outreach Success: Recruiting Native American and
Hispanic Students into Plant Science.? NSF Plant Genome Research
Program Awardees Meeting. Washington DC. October 2006.

Michael D. Gonzales. ?Outreach Success: Recruiting Native American and
Hispanic Students into Plant Science.? ?Collaborative Plant Biology in
the Rocky Mountain Region: Impacts and Future Prospects for Plant
Genomics. Laramie, WY. June 2006.





Journal Publications


Walling, J.G., R.C. Shoemaker, N.D. Young, J. Mudge and S.A. Jackson, "Chromosome
    level homeology in paleopolyploid soybean (Glycine max) revealed through
    integration of genetic and chromosome maps.", Genetics, p. 1893, vol. 172, (2006). Published, 


Jackson, S.A., D. Rokhsar, G. Stacey, R. Shoemaker, J. Schmutz and J. Grimwood., "Toward a reference sequence of the soybean genome: a
multi-agency effort.", The Plant Genome; Crop Science
, p. 55, vol. 46, (2006). Published, 


Xue-Cheng Zhang, Xiaolei Wu, Seth Findley, Jinrong Wan, Marc Libault, Henry T. Nguyen, Steven B. Cannon, and Gary Stacey 
, "Molecular evolution of LysM domain kinases in plants.
", Plant Physiology, p. , vol. , (    ). Submitted, 


Hass-Jacobus BL, Futrell-Griggs M, Abernathy B, Westerman R, Goicoechea JL, Stein J, Klein P, Hurwitz B, Zhou B, Rakhshan F, Sanyal A,
Gill N, Lin JY, Walling JG, Luo MZ, Ammiraju JS, Kudrna D, Kim HR, Ware D, Wing RA, SanMiguel P, Jackson SA, "Integration of
hybridization-based markers (overgos) into physical maps for comparative and evolutionary explorations in the genus Oryza and in Sorghum.",
BMC Genomics, p. , vol. , (2006). Published,  


Jackson SA, Rokhsar D, Stacey G, Shoemaker RC, Schmutz J, Grimwood J, "Toward a Reference Sequence of the Soybean Genome: A
Multiagency Effort.", The Plant Genome, p. , vol. , (2006). Published,  


Jackson SA, Rounsley S, Purugganan M, "Comparative sequencing of plant genomes: choices to make.", Plant Cell, p. , vol. , (2006).
Published,  


Ma J, Wing RA, Bennetzen JL, Jackson SA, "Plant centromere organization: a dynamic structure with conserved functions.", Trends in
genetics, p. , vol. , (2007). Published,  


Schlueter J, Goicoechea JL, Collura K, Gill N, Lin JY, Yu Y, Kudrna D, Zuccolo A, Vallejos CE, Munoz-Torres M, Blair MW, Tohme J,
Tomkins J, McClean P, Wing RA, Jackson S, "BAC-end sequence analysis and a draft physical map of the common bean (Phaseolus vulgaris
L.) genome.", Tropical Plant Biology, p. , vol. , (2008). Published,  


Schlueter JA, Lin JY, Schlueter SD, Vasylenko-Sanders IF, Deshpande S, Yi J, O'Bleness M, Roe BA, Nelson RT, Scheffler BE, Jackson SA,
Shoemaker RC, "Gene duplication and paleopolyploidy in soybean and the implications for whole genome sequencing.", BMC Genomics, p. ,
vol. , (2007). Published,  


Shoemaker RC, Grant D, Olson T, Warren WC, Wing R, Yu Y, Kim H, Cregan P, Joseph B, Futrell-Griggs M, Nelson W, Davito J, Walker J,
Wallis J, Kremitski C, Scheer D, Clifton SW, Graves T, Nguyen H, Wu X, Luo M, Dvorak J, Nelson R, Cannon S, Tomkins J, Schm,
"Microsatellite discovery from BAC end sequences and genetic mapping to anchor the soybean physical and genetic maps.", Genome, p. , vol. ,
(2008). Published,  
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Walling JG, Shoemaker RC, Young ND, Mudge J, Jackson SA, "Chromosome level homeology in paleopolyploid soybean (Glycine max)
revealed through integration of genetic and chromosome maps.", Genetics, p. , vol. , (2005). Published,  


Wu X, Zhong G, Findley SD, Cregan P, Stacey G, Nguyen HT, "Genetic marker anchoring by six-dimensional pools for development of a
soybean physical map.", BMC Genomics, p. , vol. , (2008). Published,  


Innes, RW; Ameline-Torregrosa, C; Ashfield, T; Cannon, E; Cannon, SB; Chacko, B; Chen, NWG; Couloux, A; Dalwani, A; Denny, R;
Deshpande, S; Egan, AN; Glover, N; Hans, CS; Howell, S; Ilut, D; Jackson, S; Lai, HS; Mammadov, J; del Campo, SM; Metcalf, M; Ngu,
"Differential Accumulation of Retroelements and Diversification of NB-LRR Disease Resistance Genes in Duplicated Regions following
Polyploidy in the Ancestor of Soybean", PLANT PHYSIOLOGY, p. 1740, vol. 148, (2008). Published, 10.1104/pp.108.12790


Gill, N., S. Findley, J.G. Walling, J. Ma, G. Stacey, J. Doyle and S.A. Jackson, "Molecular and chromosomal evidence for allopolyploidy in
soybean, Glycine max (L.)", Plant Physiology, p. , vol. , (2009). Accepted,  


Gill et al., "Molecular and chromosomal evidence for allopolyploidy in soybean, Glycine max (L.) Merr", Plant Physiology, p. , vol. , (2009).
Published, pp.109.137935 [pii] 10.1104/pp.109.137935


Jackson, S.A. and J. Chen, "Genomic and expression plasticity of polyploidy", Current Opinions in Plant Biology, p. 1, vol. 13, (2009).
Published,  


Schmutz et al., "Genomic and expression plasticity of polyploidy", Nature, p. , vol. , (2010). Published, nature08670 [pii] 10.1038/nature08670


Schmutz et al., "Genome sequence of the palaeopolyploid soybean", Nature, p. , vol. , (2010). Published, nature08670 [pii]
10.1038/nature08670


Books or Other One-time Publications


Web/Internet Site


URL(s):
www.soymap.org, soybase.org
Description:
Soymap.org is the proejct website and has all relevant data for mapping and sequencing.  
Soybase.org is the functional home for the physical map that was produced and refined as 
part of this project.


Other Specific Products


Contributions


Contributions within Discipline: 
This project has contributed to the development of a physical framework for the soybean 
genome that was used to derive a genome sequence for soybean.  This is being used to 
unravel the evolutionary history and domestication of soybean and is being used by the 
community to facilitate soybean improvement.


Contributions to Other Disciplines: 
We are beginning to make insights into the genome structure of the highly duplicated of 
soybean that will lead to insights in evolutionary processes of genome duplication-
diploidization.


Contributions to Human Resource Development: 
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In doing research for this project, three PhD students at Purdue and two at Iowa STate 
University and at least eight postdoctoral associates are or have been trained in genetics and 
genomics, specifically in soybean.  Moreover, many women and representatives of under-
represented groups have participated in research and outreach efforts and not only have 
contributed to the project, but have learned new tools and techniques in genome research.


Contributions to Resources for Research and Education: 
Please refer to the human resource development section of 'Contributions'.


Contributions Beyond Science and Engineering: 
 


Conference Proceedings


Categories for which nothing is reported: 
Any Book


Any Product


Contributions: To Any Beyond Science and Engineering


Any Conference







1. Walling, J.G., N. Gill, J-Y. Lin and S.A. Jackson. 2006. Moleculary cytogenetic 
analysis of the soybean genome. Plant and Animal Genome Meeting, San Diego, CA. 


2. Futrell-Griggs, M., J.G. Walling, N. Gill, J-Y Lin, S.A. Jackson. 2006. Intl Legume 
Conf. Brisbane, Australia. 


3. Futrell-Griggs, M., R.C. Shoemaker, G. Stacey, W. Beavis, R.A. Wing, J.G. Walling 
and S.A. Jackson. 2006. SoyMap: An Integrated Genetic-Physical Map To Dissect 
Multiple Genome Duplication Events. Plant and Animal Genome Meeting, San Diego, 
CA. 


4. Gill, N., J.G. Walling, J. Ma and S.A. Jackson 2006. Centromeres as Relics of 
Allopolyploidy in Glycine max. Cellular and Molecular Biology of the Soybean 
Conference, Lincoln, NE. 


5. Lin, J-Y. and S.A. Jackson. 2006. Sequence Analysis of Duplicated Genes in 
Homeologous Regions of Soybean and Legume Species. Cellular and Molecular 
Biology of the Soybean Conference, Lincoln, NE. 


6. Hans, C. and S.A. Jackson. 2006. A Cytogenetic Approach to Assign Linkage Groups 
to Chromsomes. Cellular and Molecular Biology of the Soybean Conference, Lincoln, 
NE. 


7. Lin, J-Y. and S.A. Jackson 2007. Sequence analysis of homeologous regions of the 
soybean genome and other legume genomes.  The Biology of Genomes. Cold Spring 
Harbor Laboratory. NY. 


8. Westerman, R., B. Hass-Jacobus, M. Futrell-Griggs and S.A. Jackson. 2007. 
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Our last Advisory Committee meeting was held in February and below is 
their report with our responses (in red, italic text).  Following the AC report 
is an update from CoPI Shoemaker. 
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Administrative Notes 
 
Drs. Dorrance and McCombie were unable to attend the AC meeting this year at the 
NCGR, Santa Fe 
 
Introduction 
 
The Advisory Committee (AC) thanks all SoyMap participants for their time preparing 
and presenting the current overview of the project as it nears its completion.  Again this 
year, significant progress has been made with many areas exceeding goals.  Guidance 
from the AC continues to be well incorporated.  The JGI whole genome shotgun 
sequencing (wgs) was announced at the recent PAG conference and plays an important 
part in the soybean genome program.  Much effort has been devoted to integrating 
mapping and sequencing data and has progressed well.  The SoyMap project continues to 
generate a world-class community resource. 
 
AC Comments and Recommendations: 
 
1. JGI whole genome sequence 
 
 Although not a direct part of the SoyMap project, the recently released sequence 
has obviously had a profound affect on this project’s activities.  The state of the sequence 
is reviewed here first as many activities of the SoyMap participants involved synergistic 
use of the sequence and mapping resources to improve both.  The JGI sequencing effort 
has generated >7x genome coverage and the sequence traces have been deposited into the 
NCBI trace archive.  The first release, Glyma0, is currently available to the community 
with a more refined release expected by the end of 2008 (Glyma1).  The updated release 
will include an additional 1x coverage in large-insert plasmid, fosmid and BAC paired-
end reads.  The current release encompasses ~950Mb in supercontigs with N50=6.5Mb.  
Greater than 58,000 protein-coding loci have been tentatively identified. 
 
2. Physical map 
 


Fingerprinting and end sequencing of all BAC resources has been completed.  A 
major effort this past year was put into refining the physical fingerprint map, 
incorporating genetic markers, annotating the BES and comparing the physical map 
resources with the sequence assembly to improve both. 
 
 After attempting to use automated tools to generate a better assembly of the BAC 
fingerprints, the semi-automated manually curated Washington University version was 
adopted for further refinement.  Functionality for aligning the physical map with 
sequence assembly has been implemented within FPC.  The alignment is mediated 
through BES of BAC clones incorporated into the physical fingerprint contigs.  Nearly 
200,000 BES anchor the sequence assembly to the map.  The placement of five BES 
within a 250kb region was used as the minimal inclusive criteria.  Built-in FPC functions 
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were used to identify potential physical map improvements and conflicts.   Utilizing the 
initial 4x genome sequence assembly ~500 contig merges were supported.  The newly 
released 7x assembly was used to identify problematic regions largely consisting of 
sequence scaffolds overlapping within a fingerprint contig.  These may well represent 
duplicated regions with high fingerprint similarity that are resolved by the increased 
texture of the sequence data.  After breaking 179 contigs and merging others guided by 
the sequence assembly, the current map consists of 1,745 contigs of which 92% are 
aligned to the sequence draft.  Problem contigs remain including some which may 
indicate sequence scaffold misassembly.  The FPC map supports a few scaffold merges 
and small contig placements.  Dr. Nelson may initiate one more soybean FPC version 
with minor incremental changes.  His involvement with the project has largely ended due 
to the end of funding for his work.  The AC encourages the allocation of appropriate 
funds to complete this final FPC version but does not encourage any longer term FPC 
map development. 
 
Per the AC’s suggestion, Dr. Nelson will not spend additional efforts on the FPC map, 
per se.  But is continuing to work on the FPC map as related to the sequence map at the 
request of the sequencing groups to help resolve some problematic scaffolds.  Also per 
the AC’s suggestion, Dr. Nelson will harmonize an FPC map to the sequence scaffolds so 
that BACs that ‘definitely’ underlie certain genomic regions so that the community can 
quickly navigate from the sequence to order a BAC clone that has the region of interest. 
 
A summary of the last FPC map update is below: 


• GMWc library integrated, total coverage ~19x. �� 
• FPC contigs aligned to 4x & 7x draft using new FPC functions�developed partly 


for this project. Decontamination tool�also developed. �� 
• Using 4x: 500 FPC contig merges performed. �� 
• Using 7x: 179 chimeric FPC contigs identified, broken up�� 
• Decontamination tool run, removing 6204 suspected chimeric fingerprints 
• ��Current map: 1745 contigs, 92% of map length aligned to draft�� 
• Small number of significant anomalies (~10) remain to sort out�with the 8x draft; 


also small number of draft contig merges suggested. 
• ��Clone checks using draft (to be redone with 8x):�� 
• ~80k clone positions could be checked against the 7x draft, using BES�(the rest 


either lacked one BES or were in a contig having no clear�draft alignment) �� 
• 26% did not have a paired alignment to the draft at the right location.�� 
• ~50 96-well plate tracking errors identified (i.e., where nearly all � clones on the 


�plate don't align right).�� 
 
2. Marker integration 
 
 Several components of the SoyMap project have been directed at associating 
markers, both BAC end associated and polymorphic, with BAC clones.  These 
associations allowed early integration of the markers with the BAC physical contigs.  It is 
expected that the sequence assemblies will largely be used moving forward to associate 
markers with clone contigs.  Over the life of the project overgo mapping by the Jackson 
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map has been quite successful.  SSR mapping by the Shoemaker lab was also largely 
fruitful; however, genetic marker inconsistencies within ~12% of the tagged FPC contigs 
were observed.  An analysis of these inconsistencies was presented using sequence 
scaffold marker and BES content.  It was unclear how the marker inconsistencies should 
be resolved and may become clear through sequence annotation in the future.  A third 
component of marker anchoring was mediated through PCR screening of six dimensional 
BAC pooling.  As in previous years, it was difficult to determine the definition of the 
success rate achieved.  More effort was made to present data regarding the number of 
clones identified per marker but the distribution suggests a lower than expected yield than 
the seemingly fortuitous strict average calculation that precisely matched the expected 
value based on clone depth screened. 
 
Below is a response from the Missiouri CoPIs specific to the PCR pools 
 
Issues of inconsistency of genetic marker anchoring using the 6D-BAC pools 


In the advisory group report, there was apparently some confusion about the 
accuracy of marker placement based on the 6D BAC pool screening. This likely came 
from statements made at the advisory meeting that were later shown to be due to the use 
of incorrect analyses. Regardless, we did not want this confusion to linger. Hence, please 
see below our discussion of the PCR based, 6D BAC pooling strategy and our analysis of 
the errors inherent in these methods. These errors were taken into account during the 
incorporation of markers into the physical map (i.e., efforts were taken to remove the 
sources of false positive results prior to marker integration).  


Genetic marker anchoring is more challenging for a complex genome, such as 
soybean. The PCR based,  6-D pool screening approach is considered an efficient way to 
anchor allele specific genetic markers because PCR products are only scored if they are 
the same size using both the BAC pools and the genomic DNA as template. However, 
several factors that may affect the data quality were considered in the process of data 
manipulation for map integration.  


1)    removal of false positive single clones  
The results revealed an overall false positive rate of 13.9%. However, more than 


90% of the false positive clones came from those where only a single clone was detected 
in a contig. Therefore, to reduce this source of error, we recommend using for map 
integration only overlapping clones detected by a single genetic marker or non-
overlapped clones detected by multiple genetic markers (assuming no conflict with other 
nearby markers). If we assume the linkage group assignment of the genetic markers used 
in our study and the assembly of the current FPC contigs are all correct (we do know 
that there are some discrepancies, see below), then 60% of the contigs with multiple 
markers would conflict with an anchor marker placed by assignment to a single BAC 
clone. However, if we remove such markers, then these conflicts drop to only 7%. The 
real level of conflict may be even lower since we did not eliminate contigs for clearly 
duplicated regions or those that may be incorrectly assembled. 


2) Elimination of the association of clones from questionable FPC contigs 
Compared to the alignments of BES of anchored contigs and marker sequence to 


the WSS assembly, we identified 729 inconsistent clones for 200 mapped markers. Out of 
729 clones, 226 clones were from questionable FPC contigs since multiple alignments by 
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multiple BES to the same FPC contig were found. For example, FPC contig 6136 aligned 
to 14 WSS scaffolds. These kind of inconsistencies are not related to the 6D pools. If we 
eliminate such marker-clone associations, as well as the single BAC hits (above), then 
the 6D pool final false positive rate is 1.5%.  


3)  Clarification of paralogous loci with mapped loci 
16.6% of the clones go to parologous regions of mapped markers. The locations 


of 73.7% of the clones, anchored by genetic mapped markers, are consistent with the 
marker locations in the WSS scaffolds.  It is likely that the close sequence identify 
between some paralogous regions also contributes to discrepancies arising from the use 
of the 6D pools. 


Thus, given the correct parameters, the 6D pool strategy is a powerful way to 
improve the alignment of the soybean physical and genetic maps. 
 
3. Targeted sequencing of BAC clones. 
 
 One of the specific aims of the project was to fully sequence EST rich and poor 
BACs and BACs originating from homeologous regions of the genome.  It is unclear 
from the presentations whether these goals will be met.  Nonetheless, there are well over 
100 sequenced BACs in Genbank (from this and other groups) and results were presented 
on the sequencing of four pairs of homoeologous BACs.   
 
In general, the group should take care to rigorously compare assembled BAC sequences 
with the BES resource and with the hybridization probe (when applicable).  A sequenced 
BAC that does not correlate with its previously determined end sequence will skew 
interpretations and indicate mix ups of one type or another.  In instances of homeologous 
BACs the summary of matched and aligned length is also misleading without a broader 
overview of the BACs’ overlap to each other.  In some cases the sequencing of additional 
overlapping BACs may be warranted in order to fully compare the region of homeology.  
The independent assembly of homeologous BACs (independent of each other and 
independent of the genome wide assembly) will be a powerful tool for assessing and 
locally correcting the whole genome sequence. 
 
BAC-based sequencing of homeologous regions is ongoing per the AC’s suggestion.  In 
one instance, we now have ~2Mb of sequence from a pair of homeologous regions from 
linkage groups E and A2. 
 
4. BES sequence annotation and comparative mapping. 
 
 BES annotation has been added to the Legume Information System at NCGR.  
The network traffic (4,628 unique hits per month) indicates that this is a reasonably well 
used resource.  The intent of these visits and whether the expected information was 
retrieved is not known.  Statistics on the type of data retrieved would be useful.  
Consensus sequence from CAP3 clustered BES were used to interrogate various data sets 
using BLAST.  Ribosomal and chloroplast sequences were first identified.  Gene 
annotations were collected for display.  The “best hit” only approach was used which 
may give misleading results.  BLAST hits of similar significance need to be considered.  
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Extensive efforts at BES annotation are unnecessary as the will be quickly supplanted by 
more complete genome annotation.  The largest value is gained through the comparative 
mapping view.  Again a focus on sequence scaffold alignment is warranted in the future.  
Should the community desire BAC clones encompassing a region identified through 
comparative analysis, a clone can be readily identified from the BES/scaffold alignments. 
Facilitated navigation between genetic, physical and sequence maps will be a useful 
resource for the soybean community. 
 
We are working on developing an integrated resource such that the community can easily 
navigate between genetic, sequence and physical maps.  Part of this is being achieved in 
the response to point 2 (above) where Dr. Nelson is working to harmonize the BES with 
the sequence map so we have a set of validated BACs associated to the sequence map.  
LIS and Soybase are working together to integrate the genetic and sequence maps using 
cMap at soybase and in-house software at LIS. 
 
 Integration of other database resources is well underway.  The approach used will 
utilize a virtual approach with external data housed at the host site and linked in.  This 
requires a great deal of coordination with the other databases to maintain architecture and 
schema compatibility but is often the only reasonable approach as other databases may be 
unwilling to have complete data set copies housed externally.  Formal relationships with 
other curators should be well defined to ensure the longevity of this structure and the 
integrity and timeliness of the data being presented form this portal. 
 
The curators of the relevant databases are working together, as much as possible.  Dr. 
Nelson in working with Drs. Grant (soybase) and May (CoPI from LIS) to ensure that the 
physical map is as useful and presentable as possible.   
 
6. Community involvement 
 
 The outreach efforts of this project have been exemplary.  Efforts have been made 
to contact many sites (50+ universities and 20+ programs) to foster participation in the 
SoyMap related activities.  These efforts have included a web presence and email contact 
but also more personal telephone and local visits and presentations and outreach 
conference participation.  Six students have participated with backgrounds in 
mathematics, biology and microbiology and representing three states.  Feedback from the 
participants has bee very positive with social aspects of being away from home the only 
major negative aspect.  These activities have clearly been given due consideration by the 
SoyMap group in accordance with NSF mandates. 
 
 Many post-doctoral, graduate and undergraduate training opportunities within the 
participating laboratories were indicated as well as a significant publication list.  It was 
unclear how many of the publications arose directly from the SoyMap project rather than 
from other laboratory activities and this should be clarified project progress report. 
 
It is a little difficult to parse which publications were solely derived from this project as 
there is a great deal of overlap with other projects and students/postdocs involved in this 
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project also participated in other coordinated activities.  This list provided in this report 
to the NSF is a culled list of the list that was provided to the AC. 
 
7. Summary 
 


Once again the SoyMap project has progressed well and produced considerable 
community resources and data. Dr. Jackson’s leadership has been excellent and he 
continues to represent well the soybean genome effort on an international front. The 
completion of the 8x sequence draft this year will mark a great milestone for the soybean 
community.  This project has done exceptionally well integrating many of the resources 
that are most familiar to the soybean research community (genetic markers for example), 
which will greatly enhance their efforts in utilizing the sequence scaffolds.  The resources 
will of course also fuel Dr. Jackson’s and the other SoyMap participating laboratories’ 
work’ in the future.   
 


Overall the SoyMap project has progressed well and met or exceeded many of its 
original goals.  Additional activities have been incorporated as suggested by the AC to 
better accommodate the inclusion of the draft sequence resource.  Continued interactions 
between Dr. Jackson and Jeremy Schmutz (JGI) are not only encouraged but also 
essential as the sequence resource develops.  Dr. Jackson is uniquely qualified to 
represent the needs of the soybean community to ensure that the completed draft 
sequence is available in a format that will maximize its use. 
 
The SoyMap team greatly appreciates the help and input of the AC over the past four 
years.  We were extremely fortunate to have such a team of advisors that ‘bought’ into 
the project and helped navigate us through a constantly changing landscape over the 
course of the project.  Special thanks go to John McPherson who chaired the committee! 
 
 
End of Advisory Committee report. 
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Update from the USDA-ARS/Univ of Iowa group under CoPI Shoemaker (some of the 
comments are relevant to the AC’s report). 


 
All objectives assigned to the Ames group have been met and exceeded. In recent 
months the group has focussed on the quality assembly of the whole genome 
sequence and the anchoring of the sequence to the genetic map and physical map.  
 
The Ames ARS group is using several approaches for validating the 1619 
scaffolds of the 7X assembly. The objectives are to confirm each scaffold 
sequence's placement and orientation. We are using using a combination of genetic 
markers, reciprocal syntenic comparisons between homoeologous regions, 
examination of clone-coverage depths and other scaffold-scaffold relationships, 
and genomic landmarks such as pericentromeric and telomeric sequences. These 
evidence types are all used in a "scaffold tracker" that records information about 
scaffolds in preliminary pseudomolecule sequences.  
 
We have also assembled preliminary pseudomolecules by ordering and orienting 
each of the 296 genetically anchored scaffolds, and have compared all the 
resulting pseudomolecules against one another. With these comparisons, we check 
for expected chromosomal synteny relationships, for centromeric and 
pericentromeric locations, and for potential scaffold mis-orientations.  In a related 
approach for validating scaffolds, we are checking all BAC end pairs that were not 
used in the assembly. Some of these link scaffolds that are expected to be adjacent. 
Finally, we have implemented a genome browser (Gbrowse) that is customized for 
quality control on the assembly. It displays clone coverage depths (BAC and 
fosmid), marker locations, and repeat densities. We have used this and analysis of 
the markers to identify 9 chimeric scaffolds and have reported the results to DOE-
JGI.  
 
Genetic Anchoring of the Whole Genome Sequence (SNP Development):  
 
The Ames group and collaborators have been working to genetically anchor and 
validate and improve this assembly. The assembly currently contains 4634 
mapped markers, which anchor 296 scaffolds, and 97.7% of the sequence in the 
assembly. We have also designed 1536 additional markers for mapping using the 
Illumina GoldenGate assay. These were chosen specifically from remaining 
unanchored large scaffolds in the 7X assembly, and from the ends of geneticall 
mapped scaffolds, to help validate scaffold ends and to more confidently orient the 
scaffolds in chromosome pseudomolecules.  
 
When genetically mapped, the new 1536 SNP markers will bring the total mapped 
scaffolds to 334, containing 98.2% of the 7X assembly sequence. The markers were 
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chosen from SNPs from Solexa-generated sequence from Glycine soja, compared against 
the 7X G. max Williams sequence, and will be mapped, by the Ames group and 
collaborators in the USDA-ARS, Beltsville in a 480-individual mapping population.  
 








Annual Report: 0501877


Page 1 of 16


Annual Report for Period:07/2008 - 06/2009 Submitted on: 06/29/2009


Principal Investigator: Jackson, Scott A. Award ID: 0501877


Organization: Purdue University         


Submitted By: 
Jackson, Scott - Principal Investigator


Title:
SoyMap: an Integrated Soybean Genome Map


Project Participants


Senior Personnel


Name: Jackson, Scott


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: May, Greg


Worked for more than 160 Hours: Yes


Contribution to Project: 
 
Name: Shoemaker, Randy


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Stacey, Gary


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Doyle, Jeffrey


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Futrell-Griggs, Montona


Worked for more than 160 Hours: Yes


Contribution to Project: 
 
Name: Kudrna, Dave


Worked for more than 160 Hours: No


Contribution to Project: 
Leader, BAC/EST Resource Center


Name: Kim, HyeRan


Worked for more than 160 Hours: No


Contribution to Project: 
Leader, DNA Sequencing


Name: Yu, Yeisoo


Worked for more than 160 Hours: No


Contribution to Project: 
Leader, Finishing Center


Name: Nguyen, Henry


Worked for more than 160 Hours: No







Annual Report: 0501877


Page 2 of 16


Contribution to Project: 
Professor and director of soybean genome mapping laboratory


Name: Wu, Xiaolei


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research Associate: Screening 6-D pools using PCR approach and managing data for anchoring genetic markers to physical map


Name: May, Gregory


Worked for more than 160 Hours: Yes


Contribution to Project: 


Post-doc


Graduate Student


Name: Hans, Christian


Worked for more than 160 Hours: Yes


Contribution to Project: 
hybrization of BACs to physical chromosomes of G.max Williams 82 cultivar via FISH


Name: Joseph, Bindu


Worked for more than 160 Hours: Yes


Contribution to Project: 
SSR discovery and mapping, local physical map management and quality control


Undergraduate Student


Name: Carroll, Carley


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Pedigo, Oshia


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Devlin, Morgan


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Lee, Kuan-Hsien


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Wert, Jesse


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Kupke, James


Worked for more than 160 Hours: No
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Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry, Comboscreen J
maintenance and program updating (computer program)


Name: Stansberry, Alisha


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Evans, William


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Teat, William


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Smucker, Jonathan


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Warden, Shylo


Worked for more than 160 Hours: No


Contribution to Project: 
Support SSR disvoery and mapping, gel preparation, PCR reaction scoring


Name: Gavins, Novia


Worked for more than 160 Hours: No


Contribution to Project: 
Support: preparation of solutions


Name: So, Mia


Worked for more than 160 Hours: No


Contribution to Project: 
 


Technician, Programmer


Name: Thorley, Trulie


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician: overgo probe synthesis, library screening, filter preparation and exposure to imaging plates, FLA scanner operation,
scoring hits and data entry


Name: Olson, Terry


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, SSR discovery and mapping


Name: Hayes, Judy


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, SSR discovery and mapping
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Name: Peiffer, Greg


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, overgo mapping


Name: Griffin, L. Michelle


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, overgo mapping


Name: Collura, Kristi


Worked for more than 160 Hours: Yes


Contribution to Project: 
Manager, DNA Sequencing


Name: Smart, Dan


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, DNA preparation


Name: Campos, David


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, DNA preparation


Name: Mueller-Rambo, Terri


Worked for more than 160 Hours: No


Contribution to Project: 
Senior Finisher


Name: Abernathy, Brian


Worked for more than 160 Hours: Yes


Contribution to Project: 
Project and Website Programmer: developed and designed the project website, www.soymap.org, designed programs to gather and
curate project data


Name: Gajendran, Kamal


Worked for more than 160 Hours: No


Contribution to Project: 
Legume Information System Programmer


Name: Westerman, Rick


Worked for more than 160 Hours: No


Contribution to Project: 
Overgo Designer: designed overgo from sequence data sets


Name: Gonzales, Michael


Worked for more than 160 Hours: Yes


Contribution to Project: 
Outreach Personnel: began communications with representatives at over 24 higher education institutions in and around New
Mexico, gave presentations at several of these institutions, attended 2 conferences


Name: Shelton, Jeffrey


Worked for more than 160 Hours: No


Contribution to Project: 
BAC isolation and preparation for shotgun library construction
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Name: Lopez, Georgina


Worked for more than 160 Hours: Yes


Contribution to Project: 
DNA preparartion


Name: Farmer, Andrew


Worked for more than 160 Hours: Yes


Contribution to Project: 
LIS programmer


Other Participant


Name: Ma, Jiaxin


Worked for more than 160 Hours: No


Contribution to Project: 
Research Geneticist: shotgun library construction, annotation of sequenced BACs from Purdue University


Name: Zhang, Guohua


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research specialist: PCR screening of 6-D BAC pools


Name: Wissotski, Marina


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research Specialist: sequencing reaction


Name: Grant, David


Worked for more than 160 Hours: Yes


Contribution to Project: 
Soybase Curator and soybean geneticist


Research Experience for Undergraduates


Name: Espinoza, Jeremy


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Junior                                                      


Home Institution: Other than Research Site


Home Institution if Other: New Mexico Institute of Mining and Technology


Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU site award


Name: Garcia, Jamie


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Other                                                       


Home Institution: Other than Research Site


Home Institution if Other: Santa Fe Community College


Home Institution Highest Degree Granted(in fields supported by NSF): Associate's Degree                      


Fiscal year(s) REU Participant supported:   2006    
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REU Funding: REU site award


Name: Koepf, Britney


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Sophomore                                                   


Home Institution: Other than Research Site


Home Institution if Other: Hiram College


Home Institution Highest Degree Granted(in fields supported by NSF): Master's Degree                         


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU supplement


Name: Morrow, Julie


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Other                                                       


Home Institution: Other than Research Site


Home Institution if Other: Albuquerque Technical Vocational Institute Community College


Home Institution Highest Degree Granted(in fields supported by NSF): Associate's Degree                      


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU supplement


Name: Reveles, Candace


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Sophomore                                                   


Home Institution: Same as Research Site


Home Institution if Other:  


Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         


Fiscal year(s) REU Participant supported:   2007    


REU Funding: REU supplement


Name: Alcoverde, Rosanna


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Sophomore                                                   


Home Institution: Same as Research Site


Home Institution if Other:  


Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         


Fiscal year(s) REU Participant supported:   2007    


REU Funding: REU supplement


Organizational Partners


University of Arizona Agricultural Experiment Station
Will Nelson and Cari Soderlund.


Other Collaborators or Contacts
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Suk Ha-Lee, Seoul national University, Seoul, South Korea
Takuji Sasaki, Japan


Activities and Findings


Research and Education Activities:
We have continued to refine the BAC-based physical map in coordination with the DOE-
JGI genome sequence that was released January 2008.  For more detail see the attached 
document (AC report and response).  One part of this is to develop a set of BAC clones in 
the physical map that are part of the sequence map such that a person mapping a gene 
can easily order a BAC and be sure that it contains the desired sequence.  Another part if 
working with the sequence map to ensure integrity.  Already we have found several 
instances of false sequence joins, also confirmed by complementary mapping data.  This is 
an ongoing effort in our group.

On the education front, we are starting our last year of the summer intern program.  Five 
students have been placed for 2008 (5 were also placed in 2007).  One is going to Purdue, 
one to Iowa State, two to univ. of Missouri and one to the Univ. of Arizona.  An exciting 
front in the outreach is the potential development of a bioinformatics course that would 
be coordinated by Michael Gonzales to use the Soybean Genome as a substrate for 
educational activities.  We are working to do this with a Univ. of New Mexico satellite 
campus that has >80% Native Americans/Hispanic Americans.

Our collaboration with students and mentors in New Mexico is ongoing and we have 
identified mentors that we are working to develop educational curricula for use with their 
students. Data from our project would be used for undergraduate bioinformatics classes.


Findings: (See PDF version submitted by PI at the end of the report)
We have worked with the Soybean sequencing consortium to produce a sequence map and 
the publication will be submitted in the next month.


Training and Development:
TRAINING
For summer interns, please see the Outreach section of the report.

Purdue University
Christian Hans is a graduate student is currently relating molecular linkage groups with 
soybean chromosomes via FISH. He is hybridizing BACs associated with markers from 
different linkage groups to mitotic chromosomes. ChristianÆs research includes squashes 
and spreads soybean chromosomes, isolation of BAC and soybean genomic DNA, and 
labeling and hybridizing FISH probes.
There are 13 undergraduates who participate in some capacity on this project: preparation 
of solutions, preparation of filters for exposure to phospho-imaging plates, scanning of 
the phospho-imaging plates, deconvolution of the data, etc. 
	About 50% of the undergraduates and researchers in the lab are women, and about 
35% are from diverse groups, such as African-American, Asian American, and Hispanic.

Iowa State University
A PhD graduate student, Ms. Bindu Joseph, is currently supported by the Project. Ms. 
Joseph's research project entails the development of high-integrity physical maps on LG I  
and homoeologous regions on LG O. The overarching objective of her project is to identify 
the gene(s) responsible for a major seed protein QTL identified on LG I, and the putative 
corresponding gene(s) responsible for a minor seed protein QTL within the corresponding 
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region of LG O. Achieving her objective requires significant wet-lab confirmation of FPC-
generated contig organization.  As a result of this, she is skilled in FPC, and development 
of physical and genetic maps. She supports the project anchoring of BACs through SSR 
discovery and confirmation of contig integrity.
An undergraduate student is learning routine molecular genetic and computer techniques 
and is being taught how to apply them in a team laboratory setting. Some of the 
techniques the student is learning are SSR discovery and mapping, gel preparation, and 
PCR reaction scoring.
Half of the personnel working on the project are women.

Arizona Genomics Institute, University of Arizona
Over 50% of the researchers contributing to this project are women, and about 44% are 
from diverse groups, such as Asian and Hispanic groups.



Outreach Activities:
OUTREACH ACTIVITIES
Background/Rationale: The large presence of Native Americans and Hispanics in New 
Mexico and its surrounding areas present a unique opportunity to increase minority 
participation as well as benefit from and serve a diverse student population. New Mexico 
undergraduate and technical schools serve large populations of American Indian, Hispanic, 
and students from rural communities.
 
Objectives:  Our focus is to recruit motivated undergraduate and graduate students from 
New Mexico, Arizona and Texas to build relationships with local minority programs and 
institutions.   We will provide opportunities that promote bioinformatics and genomics 
research activities seldom encountered in the state and region.  We will accomplish these 
objectives through outreach discussions, participation in regional conferences, and 
through interactions with local and regional universities, colleges and interest groups.  Our 
current activities are outlined below:

SoyMap Outreach Discussion 2006 û  Santa Fe, NM
ò          An outreach discussion roundtable was established by Michael Gonales to gain 
insight into how we can improve SoyMap outreach activities in our community. Local 
participants included: Pamela Silas, AISES executive director; Shirley LaCourse, AISES 
Program Officer; Marie Brown, Program Manager of Dream Catcher Program at Sandia 
National Labs; Lawrence Brown, Government Relations Manager at Sandia National Labs; 
Dr. Anthony Sena, Director NSF-REU Biosciences and Biotechnology Northern New Mexico 
College; Dr. Kamala Sharma, Professor at UNM Gallup-also a member of the INBRE, 
BRIDGES, NMAMP and SACNAS programs; Doc Kahlsa, Professor at Northern New Mexico 
College; Linda Sandoval,  Program Coordinator for the Center for Bioinformatics and 
Computational Biology New Mexico State University, Dr. Tahani Hussein, Computer and 
Mathematical Sciences Department at New Mexico Highlands University; Dr. Jim Huntley, 
Senior Researcher at the National Center for Genome Resources- NMINBRE researcher.

SoyMap Outreach Discussion 2007 û  Santa Fe, NM
ò          An outreach discussion roundtable was established by Michael Gonzales in the first 
year of this project to gain insight into how we can improve SoyMap outreach activities in 
our community. This yearÆs meeting was a continuation on this theme.  Local participants 
included: 
Connie Flores, AISES program officer, Doc Khalsa, Northern New Mexico College, Meridith 
Garcia, Northern New Mexico College, Richard Harlan, Northern New Mexico College, 
Matthew Perez, College of Santa Fe, Jeremy Espinoza, New Mexico Insititute of Mining and 
Technology, 2006 summer intern at NCGR, Dr. Jim Huntley, Senior Researcher at the 
National Center for Genome Resources- NMINBRE researcher.
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Purdue University Outreach Activities
* Represented in NSF video focused on recruitment of students into plant biology research
* Actively involved in the internship recruitment for the SoyMap project
   - Recruited interns, manned booth at the Annual Society for the Advancement of 
Chicanos and Native Americans in Science (SACNAS) in years 2006 and 2007 and the 
American Indian Science and Engineering Society (AISES) in years 2005 and 2006
   - Posted interns advertisements at a number of sites including AISES, SACNAS, SoyMap 
website.
   - Participated in discussions about outreach at the Annual Plant Genome Research 
Program Awardee Meeting in September 2006.
Put advertisements in SACNAS newsletter and web based newsletter.

* Hosted an intern at NCGR during summer 2006 
Jamie Garcia, a student from Santa Fe Community College, spent 8 weeks in the Jackson 
lab gaining experience in molecular biology techniques doing research in soybean 
genetics and genomics. She also participated in the Purdue Summer Research Opportunity 
Program (SROP), which includes GRE preparation classes, attendance at the Big Ten 
Research Conference, poster and oral presentations, and social activities.

Conference Participation
ò          The AISES National Conference (2005 and 2006)
û         Provided opportunity to meet and build relationships with Native American science 
students and mentors
û         Facilitates access to AISES student database
ò          The SACNAS National Conference (2006)
û         Provided opportunity to meet and build relationships with a diverse group of 
students and mentors involved in science from underrepresented minority groups, 
primarily Hispanic Americans and Native Americans
û         Participated in discussions regarding recruitment of underrepresented minority 
students 
û         Gained practical advice from meeting community members and leaders as to how to 
recruit at a national level
û         Gained access to SACNAS student database

Iowa State University Outreach Activities
* Hosted an intern at NCGR during summer 2006
Julie Morrow from TVI Community College learned routine molecular genetic and computer 
techniques and will be taught how to apply them in a team laboratory setting. She worked 
closely with graduate students, technicians, senior-level PhDs in the lab, and often with 
other Iowa State undergraduates.

University of Missouri Outreach Activities
* Hosted an intern at NCGR during summer 2006 
A Hiram College student, Britney Koepf, joined the Stacey lab for 8 weeks in the summer. 
She was given the opportunity to learn modern molecular methods for gene analysis and 
characterization. Britney was also involved in Life Sciences Undergraduate Research 
Opportunities Program (LSUROP), which includes workshops on research and career 
preparation, funds for one hour of academic credit, and social activities.


National Center for Genome Resources Outreach Activities
* Represented in NSF video focused on recruitment of students into plant biology research

* Actively involved in the internship recruitment for the SoyMap project
   - Made visits to local colleges and universities (Northern New Mexico College, Central 
New Mexico College, University of New Mexico, Luna Community College)
   - Recruited interns, manned booth at the Annual Society for the Advancement of 
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Chicanos and Native Americans in Science (SACNAS)
   - Posted interns advertisements at a number of sites including American Indian Science 
and Engineering Society, SACNAS, Legume Information Forum websites.
   - Participated in discussions about outreach at the Annual Plant Genome Research 
Program Awardee Meeting in September 2006.

* Hosted an intern at NCGR during summer 2006 
Jeremy Espinoza is a student at New Mexico Institute of Mining and Technology. His work 
in poster form was presented at SACNAS (Society for Advancement of Chicanos and Native 
Americans in Science) conference. At this conference, Jeremy made contacts with several 
graduate schools across the nation. He also presented his research to NCGR scientists and 
engineers. Presentation was posted on LIS website at: http://www.comparative-
legumes.org/lis_outreach.html

* Built many new relationships with New Mexico, Wyoming, Colorado and Arizona outreach 
communities. (for example: Dine College in Tsaile, Arizona,  Santa Fe Indian School, San 
Felipe Pueblo and Picuris Pueblo, NM Communities)

Conference Participation
ò          The American Indians in Science and Engineering Society (AISES) National 
Conference
û         Provided opportunity to meet and build relationships with Native American science 
students and mentors
û         Facilitates access to AISES student database
ò          The Richard Tapia Celebration of Diversity in Computing Conference
û         Provided opportunity to meet and build relationships with a diverse group of 
students and mentors involved in computer science and engineering from the Native 
American, Chicano, and African American Communities.
û         Participated in discussions regarding Recruitment and Retention of 
Underrepresented Minority Students in Computer Science
û         Gained practical advice from meeting community members and leaders as to how to 
recruit at a national level
ò          GD May, M. Gonzales and K. Gajendran participated as Science Fair Judges for the 
National American Indian Science and Engineering Fair
û         Provided opportunity to meet Native American high school students interested in 
science. This proved to be a great occasion to promote research, genomics, and 
bioinformatics to students entering college. Participation also enhances the SoyMap 
projectÆs ability build relationships with the American Indian Science and Engineering 
Society
 
Organizations, Universities and Colleges Contacted:
ò          Disseminated Advertisement to Representatives and Students
û         E-mail advertisement to all AISES and INBRE college chapters
û         Posted advertisement at AISES
û         Emailed advertisement to SACNAS representatives and students
û         Contacted representatives from the Committee on the Status of Women in 
Computing Research- emails sent via their community  list server
 
ò          Posted advertisement on a number of websites including:
û         NCGR
û         Legume Information System
û         NMINBRE
û         SoyMap website
 
ò          Contacted minority groups, universities and colleges via email and telephone, and 
site visits
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Groups and Associations with which we have been in Contact:
	ò 	The American Indian Science & Engineering Society (AISES)
	ò 	Southwestern Indian Polytechnic Institute (SIPI)
	ò 	Society for the Advancement of Chicanos and Native Americans in Science 
(SACNAS)
	ò 	Society of Mexican American Engineers and Scientists (MAES)
	ò 	Sandia National Labs- American Indian Outreach Committee
	ò 	Committee on the Status of Women in Computing Research
	ò 	Integrative Graduate Education and Research Traineeship (IGERT)
Program
	ò 	The National Society of  Black Engineers
	ò 	New Mexico  Alliance for Minority Participation Program (NMAMP)
	ò 	Minority Access to Research Careers Program (MARC)
	ò 	Minority Biomedical Research Support Program (MBRS)
	ò 	IDeA Network of Biomedical Research Excellence
	ò 	Sandia National Laboratories
	ò 	Center for Bioinformatics and Computational Biology NMSU
	ò 	Bridges to the Future Program
	ò 	Native American Studies at NMSU and UNM
	ò 	Chicano Studies at NMSU and UNM
	ò 	African American Studies at NMSU and UNM
	ò 	Job Placement Office at New Mexico State  University
	ò 	Job Placement Office at New Mexico Highlands
	ò 	Co-operative learning office at the  University of New Mexico
	ò 	Biology, Chemistry, Health Occupations, Computer Science, Engineering,IT and 
Bioinformatics departments at the universities and colleges listed below:
 
Universities and Colleges:
Local Universities:
	ò 	University of New Mexico- Albuquerque, Gallup, Los Alamos, Valencia
 and Taos campuses
	ò 	New Mexico State University, Las Cruces, NM
	ò 	New Mexico Highlands University, Las Vegas, NM
	ò 	New Mexico Tech, Socorro, NM
	ò 	Eastern New Mexico University, Portales, NM 
	ò 	Western New Mexico University, Silver City, NM
	ò 	Northern New Mexico College, Espanola, NM
	ò 	Dine  College,  Shiprock,  NM
	ò 	Luna Vocational Technical Institute, Las Vegas, NM
	ò 	Santa Fe  Community College,  Santa Fe,  NM
	ò 	Mesa  Technical  College,  Tucumcari,  NM
	ò 	Clovis  Community College,  Clovis,  NM
	ò 	New Mexico  Junior College,  Hobbs,  NM
	ò 	San Juan  College,  Farmington,  NM
	ò 	College of  Santa Fe,  Santa Fe,  NM
	ò 	University of  Texas El Paso, El Paso,  TX
	ò 	Mesa Community College, Mesa,  AZ
	ò 	Dine  College,  Tsaile,  AZ
	ò 	New Mexico Military Institute, Roswell,  NM
	ò 	Arizona  State  University,   Phoenix,  AZ
 	ò 	University of North Carolina-Pembroke, Pembroke, NC (non-local)

Universities Contacted via AISES and INBRE projects:
	ò 	University of Alaska, Anchorage, AK
	ò 	University of Alaska, Fairbanks, AK 
	ò 	Chief Dull  Knife College,  MT
	ò 	Montana  State  University,Bozeman,  MT
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	ò 	Rocky  Mountain College,  MT
	ò 	Salish Kootenai College,  MT
	ò 	University of Montana,  MT
	ò 	Oregon State University,  OR
	ò 	Northwest Indian College û Bellingham, WA
	ò 	University of Washington,  WA
	ò 	University of Wyoming,  WY
	ò 	California  Polytechnic  State  University -  San Luis Obispo,  CA
	ò 	Humboldt State University,  CA
	ò 	San Jose State University,  CA
	ò 	Stanford University,  CA
	ò 	University of California-Berkeley,  CA
	ò 	University of  California-Los Angeles,  CA
	ò 	Arizona State University,  AZ
	ò 	Northern  Arizona University,  AZ
	ò 	University of Arizona,  AZ
	ò 	Colorado College,  CO
	ò 	Fort Lewis College, CO
	ò 	University of Colorado û Boulder, CO
	ò 	University of Colorado-Colorado Springs, CO
 
Site Visits:
	ò 	University of New Mexico- Albuquerque,  NM
	ò 	University of  New Mexico ûGallup,  NM
	ò 	University of  New Mexico -  Los Alamos,  NM
	ò 	New Mexico  Highlands  University,  Las Vegas,  NM
	ò 	Northern New Mexico  College,  Espanola,  NM
	ò 	Dine  College,  Shiprock,  NM
	ò 	Luna Vocational Technical Institute, Las Vegas, NM
	ò 	Santa Fe  Community College,  Santa Fe,  NM
	ò 	The American Indian Science & Engineering Society (AISES),
 Albuquerque,  NM
	ò 	Southwestern Indian Polytechnic Institute (SIPI),  Albuquerque,  NM
	ò 	Albuquerque Technical Vocational Institute (TVI), Albuquerque,  NM
	ò 	San Juan  College,  Farmington,  NM
	ò 	College of  Santa Fe,  Santa Fe,  NM
 
Personal Contacts:
Met with Mr. Sweeney Windchief, coordinator of graduate fellowship and special programs 
at the American Indian Graduate Center. Mr. Windchief helped to distribute the 
advertisement (both the physical advertisement and an email to Indian Country USA)

Mathew Perez û Former AISES member 
Matt has helped get the word out at Harvard and Dartmouth Native American Programs
Matt is a member of several community list servers and has been helpful in posting our 
advertisements.

Michael Gonzales (now separate from NCGR)
Redesigned the Soymap outreach page to be more user friendly and added the posters and 
presentations of the previous interns.

Visited:
University of New Mexico (UNM) Albuquerque Campus
UNM Valencia
UNM Los Alamos
UNM Taos
UNM Gallup
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Santa Fe Community College (SFCC)
College of Santa Fe
New Mexico State University
University of Texas El Paso (UTEP)
Northern New Mexico College
Dine College
San Juan College
Central New Mexico Community College (CNM)
New Mexico Institute for Mining and Technology (NMTech)
Eastern New Mexico University
Western New Mexico University
Luna Community College
Highlands University
National American Indian Science and Engineering Fair (NAISEF)-Albuquerque 
This is a great occasion to promote research, genomics, and bioinformatics to students 
entering college. Participation also continued to build upon SoyMap projectÆs relationships 
with the American Indian Science and Engineering Society.

Contacted:
Mesa Community College- Tucumcari, NM
New Mexico Junior College,  Hobbs, NM
Clovis Community College, Clovis NM
New Mexico Military Institute, Roswell, NM
Southwestern Indian Polytechnic Institute
Bureau of Indian Affairs
Dakota Wesleyan University

Lists joined:
Stanford University- Native American Student Email List
New Mexico Alliance for Minority Participation Program- NM State Wide Email list
Minority Access to Research Careers Program, NMSU- NM State Wide Email List
New Mexico IDeA Network of Biomedical Research Excellence-NM State Wide Email List
Minority Biomedical Research Support Program- NM State Wide Email list
Bridges to the Future Program- NM State wide Email list
New Mexico High Tech Job Forum
AISES Chapter Programs- ALL see 
http://www.aises.org/Membership/SchoolsandChaptersDirectory
Sandia National Laboratory- Dream Catcher Program

Arizona Genetics Institute-University of Arizona, Tucson Outreach Activities
* Hosted two interns at NCGR during summer 2007
Rosanna Alcoverde from the University of Arizona-Tucson was trained in computer 
programming and bioinformaticsto create an automated check system for quality and 
contamination of the data produced; a pipeline that automatically retrieves sequence code 
on a daily basis, performs some assessment and reports a summary. She worked closely 
with graduate students, technicians, senior-level PhDs in the lab.


Candace Reveles from the University of Arizona-Tucson learned routine molecular biology 
techniques dealing with the comparison of homologous regions of the short arms of 
chromosome three from four of 24 Oryza species. She worked closely with graduate 
students, technicians, senior-level PhDs in the lab.
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Journal Publications


Walling, J.G., R.C. Shoemaker, N.D. Young, J. Mudge and S.A. Jackson, "Chromosome
    level homeology in paleopolyploid soybean (Glycine max) revealed through
    integration of genetic and chromosome maps.", Genetics, p. 1893, vol. 172, (2006). Published, 


Jackson, S.A., D. Rokhsar, G. Stacey, R. Shoemaker, J. Schmutz and J. Grimwood., "Toward a reference sequence of the soybean genome: a
multi-agency effort.", The Plant Genome; Crop Science
, p. 55, vol. 46, (2006). Published, 


Xue-Cheng Zhang, Xiaolei Wu, Seth Findley, Jinrong Wan, Marc Libault, Henry T. Nguyen, Steven B. Cannon, and Gary Stacey 
, "Molecular evolution of LysM domain kinases in plants.
", Plant Physiology, p. , vol. , (    ). Submitted, 
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Gill N, Lin JY, Walling JG, Luo MZ, Ammiraju JS, Kudrna D, Kim HR, Ware D, Wing RA, SanMiguel P, Jackson SA, "Integration of
hybridization-based markers (overgos) into physical maps for comparative and evolutionary explorations in the genus Oryza and in Sorghum.",
BMC Genomics, p. , vol. , (2006). Published,  


Jackson SA, Rokhsar D, Stacey G, Shoemaker RC, Schmutz J, Grimwood J, "Toward a Reference Sequence of the Soybean Genome: A
Multiagency Effort.", The Plant Genome, p. , vol. , (2006). Published,  


Jackson SA, Rounsley S, Purugganan M, "Comparative sequencing of plant genomes: choices to make.", Plant Cell, p. , vol. , (2006).
Published,  


Ma J, Wing RA, Bennetzen JL, Jackson SA, "Plant centromere organization: a dynamic structure with conserved functions.", Trends in
genetics, p. , vol. , (2007). Published,  


Schlueter J, Goicoechea JL, Collura K, Gill N, Lin JY, Yu Y, Kudrna D, Zuccolo A, Vallejos CE, Munoz-Torres M, Blair MW, Tohme J,
Tomkins J, McClean P, Wing RA, Jackson S, "BAC-end sequence analysis and a draft physical map of the common bean (Phaseolus vulgaris
L.) genome.", Tropical Plant Biology, p. , vol. , (2008). Published,  


Schlueter JA, Lin JY, Schlueter SD, Vasylenko-Sanders IF, Deshpande S, Yi J, O'Bleness M, Roe BA, Nelson RT, Scheffler BE, Jackson SA,
Shoemaker RC, "Gene duplication and paleopolyploidy in soybean and the implications for whole genome sequencing.", BMC Genomics, p. ,
vol. , (2007). Published,  
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Books or Other One-time Publications


Web/Internet Site


URL(s):
www.soymap.org, soybase.org
Description:
Soymap.org is the proejct website and has all relevant data for mapping and sequencing.  
Soybase.org is the functional home for the physical map that was produced and refined as 
part of this project.


Other Specific Products


Contributions


Contributions within Discipline: 
This project has contributed to the development of a physical framework for the soybean 
genome that is currently being used for the assembly of sequence scaffolds for the soybean 
genome.  This will help in the genetic and functional analysis of the soybean genome.

The sequence map has been prepared using infrastructure and personnel that were part of 
this project. A manuscript detailing the genome sequence should be submitted in teh next 
month.


Contributions to Other Disciplines: 
We are beginning to make insights into the genome structure of the highly duplicated of 
soybean that will lead to insights in evolutionary processes of genome duplication-
diploidization.


Contributions to Human Resource Development: 
In doing research for this project, three PhD students at Purdue and two at Iowa STate 
University and at least eight postdoctoral associates are or have been trained in genetics and 
genomics, specifically in soybean.  Moreover, many women and representatives of under-
represented groups have participated in research and outreach efforts and not only have 
contributed to the project, but have learned new tools and techniques in genome research.


Contributions to Resources for Research and Education: 
Please refer to the human resource development section of 'Contributions'.


Contributions Beyond Science and Engineering: 
 


Conference Proceedings


Special Requirements


Special reporting requirements: None


Change in Objectives or Scope: None
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Annual Report for SoyMap Project 
(PIs: Jackson, Shoemaker, Wing, Stacey and May). 


 
Our last Advisory Committee meeting was held in February and below is 
their report with our responses (in red, italic text).  Following the AC report 
is an update from CoPI Shoemaker. 
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Administrative Notes 
 
Drs. Dorrance and McCombie were unable to attend the AC meeting this year at the 
NCGR, Santa Fe 
 
Introduction 
 
The Advisory Committee (AC) thanks all SoyMap participants for their time preparing 
and presenting the current overview of the project as it nears its completion.  Again this 
year, significant progress has been made with many areas exceeding goals.  Guidance 
from the AC continues to be well incorporated.  The JGI whole genome shotgun 
sequencing (wgs) was announced at the recent PAG conference and plays an important 
part in the soybean genome program.  Much effort has been devoted to integrating 
mapping and sequencing data and has progressed well.  The SoyMap project continues to 
generate a world-class community resource. 
 
AC Comments and Recommendations: 
 
1. JGI whole genome sequence 
 
 Although not a direct part of the SoyMap project, the recently released sequence 
has obviously had a profound affect on this project’s activities.  The state of the sequence 
is reviewed here first as many activities of the SoyMap participants involved synergistic 
use of the sequence and mapping resources to improve both.  The JGI sequencing effort 
has generated >7x genome coverage and the sequence traces have been deposited into the 
NCBI trace archive.  The first release, Glyma0, is currently available to the community 
with a more refined release expected by the end of 2008 (Glyma1).  The updated release 
will include an additional 1x coverage in large-insert plasmid, fosmid and BAC paired-
end reads.  The current release encompasses ~950Mb in supercontigs with N50=6.5Mb.  
Greater than 58,000 protein-coding loci have been tentatively identified. 
 
2. Physical map 
 


Fingerprinting and end sequencing of all BAC resources has been completed.  A 
major effort this past year was put into refining the physical fingerprint map, 
incorporating genetic markers, annotating the BES and comparing the physical map 
resources with the sequence assembly to improve both. 
 
 After attempting to use automated tools to generate a better assembly of the BAC 
fingerprints, the semi-automated manually curated Washington University version was 
adopted for further refinement.  Functionality for aligning the physical map with 
sequence assembly has been implemented within FPC.  The alignment is mediated 
through BES of BAC clones incorporated into the physical fingerprint contigs.  Nearly 
200,000 BES anchor the sequence assembly to the map.  The placement of five BES 
within a 250kb region was used as the minimal inclusive criteria.  Built-in FPC functions 
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were used to identify potential physical map improvements and conflicts.   Utilizing the 
initial 4x genome sequence assembly ~500 contig merges were supported.  The newly 
released 7x assembly was used to identify problematic regions largely consisting of 
sequence scaffolds overlapping within a fingerprint contig.  These may well represent 
duplicated regions with high fingerprint similarity that are resolved by the increased 
texture of the sequence data.  After breaking 179 contigs and merging others guided by 
the sequence assembly, the current map consists of 1,745 contigs of which 92% are 
aligned to the sequence draft.  Problem contigs remain including some which may 
indicate sequence scaffold misassembly.  The FPC map supports a few scaffold merges 
and small contig placements.  Dr. Nelson may initiate one more soybean FPC version 
with minor incremental changes.  His involvement with the project has largely ended due 
to the end of funding for his work.  The AC encourages the allocation of appropriate 
funds to complete this final FPC version but does not encourage any longer term FPC 
map development. 
 
Per the AC’s suggestion, Dr. Nelson will not spend additional efforts on the FPC map, 
per se.  But is continuing to work on the FPC map as related to the sequence map at the 
request of the sequencing groups to help resolve some problematic scaffolds.  Also per 
the AC’s suggestion, Dr. Nelson will harmonize an FPC map to the sequence scaffolds so 
that BACs that ‘definitely’ underlie certain genomic regions so that the community can 
quickly navigate from the sequence to order a BAC clone that has the region of interest. 
 
A summary of the last FPC map update is below: 


• GMWc library integrated, total coverage ~19x. �� 
• FPC contigs aligned to 4x & 7x draft using new FPC functions�developed partly 


for this project. Decontamination tool�also developed. �� 
• Using 4x: 500 FPC contig merges performed. �� 
• Using 7x: 179 chimeric FPC contigs identified, broken up�� 
• Decontamination tool run, removing 6204 suspected chimeric fingerprints 
• ��Current map: 1745 contigs, 92% of map length aligned to draft�� 
• Small number of significant anomalies (~10) remain to sort out�with the 8x draft; 


also small number of draft contig merges suggested. 
• ��Clone checks using draft (to be redone with 8x):�� 
• ~80k clone positions could be checked against the 7x draft, using BES�(the rest 


either lacked one BES or were in a contig having no clear�draft alignment) �� 
• 26% did not have a paired alignment to the draft at the right location.�� 
• ~50 96-well plate tracking errors identified (i.e., where nearly all � clones on the 


�plate don't align right).�� 
 
2. Marker integration 
 
 Several components of the SoyMap project have been directed at associating 
markers, both BAC end associated and polymorphic, with BAC clones.  These 
associations allowed early integration of the markers with the BAC physical contigs.  It is 
expected that the sequence assemblies will largely be used moving forward to associate 
markers with clone contigs.  Over the life of the project overgo mapping by the Jackson 
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map has been quite successful.  SSR mapping by the Shoemaker lab was also largely 
fruitful; however, genetic marker inconsistencies within ~12% of the tagged FPC contigs 
were observed.  An analysis of these inconsistencies was presented using sequence 
scaffold marker and BES content.  It was unclear how the marker inconsistencies should 
be resolved and may become clear through sequence annotation in the future.  A third 
component of marker anchoring was mediated through PCR screening of six dimensional 
BAC pooling.  As in previous years, it was difficult to determine the definition of the 
success rate achieved.  More effort was made to present data regarding the number of 
clones identified per marker but the distribution suggests a lower than expected yield than 
the seemingly fortuitous strict average calculation that precisely matched the expected 
value based on clone depth screened. 
 
Below is a response from the Missiouri CoPIs specific to the PCR pools 
 
Issues of inconsistency of genetic marker anchoring using the 6D-BAC pools 


In the advisory group report, there was apparently some confusion about the 
accuracy of marker placement based on the 6D BAC pool screening. This likely came 
from statements made at the advisory meeting that were later shown to be due to the use 
of incorrect analyses. Regardless, we did not want this confusion to linger. Hence, please 
see below our discussion of the PCR based, 6D BAC pooling strategy and our analysis of 
the errors inherent in these methods. These errors were taken into account during the 
incorporation of markers into the physical map (i.e., efforts were taken to remove the 
sources of false positive results prior to marker integration).  


Genetic marker anchoring is more challenging for a complex genome, such as 
soybean. The PCR based,  6-D pool screening approach is considered an efficient way to 
anchor allele specific genetic markers because PCR products are only scored if they are 
the same size using both the BAC pools and the genomic DNA as template. However, 
several factors that may affect the data quality were considered in the process of data 
manipulation for map integration.  


1)    removal of false positive single clones  
The results revealed an overall false positive rate of 13.9%. However, more than 


90% of the false positive clones came from those where only a single clone was detected 
in a contig. Therefore, to reduce this source of error, we recommend using for map 
integration only overlapping clones detected by a single genetic marker or non-
overlapped clones detected by multiple genetic markers (assuming no conflict with other 
nearby markers). If we assume the linkage group assignment of the genetic markers used 
in our study and the assembly of the current FPC contigs are all correct (we do know 
that there are some discrepancies, see below), then 60% of the contigs with multiple 
markers would conflict with an anchor marker placed by assignment to a single BAC 
clone. However, if we remove such markers, then these conflicts drop to only 7%. The 
real level of conflict may be even lower since we did not eliminate contigs for clearly 
duplicated regions or those that may be incorrectly assembled. 


2) Elimination of the association of clones from questionable FPC contigs 
Compared to the alignments of BES of anchored contigs and marker sequence to 


the WSS assembly, we identified 729 inconsistent clones for 200 mapped markers. Out of 
729 clones, 226 clones were from questionable FPC contigs since multiple alignments by 







SoyMap AC Meeting – March 2, 2007 


6 of 10 


multiple BES to the same FPC contig were found. For example, FPC contig 6136 aligned 
to 14 WSS scaffolds. These kind of inconsistencies are not related to the 6D pools. If we 
eliminate such marker-clone associations, as well as the single BAC hits (above), then 
the 6D pool final false positive rate is 1.5%.  


3)  Clarification of paralogous loci with mapped loci 
16.6% of the clones go to parologous regions of mapped markers. The locations 


of 73.7% of the clones, anchored by genetic mapped markers, are consistent with the 
marker locations in the WSS scaffolds.  It is likely that the close sequence identify 
between some paralogous regions also contributes to discrepancies arising from the use 
of the 6D pools. 


Thus, given the correct parameters, the 6D pool strategy is a powerful way to 
improve the alignment of the soybean physical and genetic maps. 
 
3. Targeted sequencing of BAC clones. 
 
 One of the specific aims of the project was to fully sequence EST rich and poor 
BACs and BACs originating from homeologous regions of the genome.  It is unclear 
from the presentations whether these goals will be met.  Nonetheless, there are well over 
100 sequenced BACs in Genbank (from this and other groups) and results were presented 
on the sequencing of four pairs of homoeologous BACs.   
 
In general, the group should take care to rigorously compare assembled BAC sequences 
with the BES resource and with the hybridization probe (when applicable).  A sequenced 
BAC that does not correlate with its previously determined end sequence will skew 
interpretations and indicate mix ups of one type or another.  In instances of homeologous 
BACs the summary of matched and aligned length is also misleading without a broader 
overview of the BACs’ overlap to each other.  In some cases the sequencing of additional 
overlapping BACs may be warranted in order to fully compare the region of homeology.  
The independent assembly of homeologous BACs (independent of each other and 
independent of the genome wide assembly) will be a powerful tool for assessing and 
locally correcting the whole genome sequence. 
 
BAC-based sequencing of homeologous regions is ongoing per the AC’s suggestion.  In 
one instance, we now have ~2Mb of sequence from a pair of homeologous regions from 
linkage groups E and A2. 
 
4. BES sequence annotation and comparative mapping. 
 
 BES annotation has been added to the Legume Information System at NCGR.  
The network traffic (4,628 unique hits per month) indicates that this is a reasonably well 
used resource.  The intent of these visits and whether the expected information was 
retrieved is not known.  Statistics on the type of data retrieved would be useful.  
Consensus sequence from CAP3 clustered BES were used to interrogate various data sets 
using BLAST.  Ribosomal and chloroplast sequences were first identified.  Gene 
annotations were collected for display.  The “best hit” only approach was used which 
may give misleading results.  BLAST hits of similar significance need to be considered.  
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Extensive efforts at BES annotation are unnecessary as the will be quickly supplanted by 
more complete genome annotation.  The largest value is gained through the comparative 
mapping view.  Again a focus on sequence scaffold alignment is warranted in the future.  
Should the community desire BAC clones encompassing a region identified through 
comparative analysis, a clone can be readily identified from the BES/scaffold alignments. 
Facilitated navigation between genetic, physical and sequence maps will be a useful 
resource for the soybean community. 
 
We are working on developing an integrated resource such that the community can easily 
navigate between genetic, sequence and physical maps.  Part of this is being achieved in 
the response to point 2 (above) where Dr. Nelson is working to harmonize the BES with 
the sequence map so we have a set of validated BACs associated to the sequence map.  
LIS and Soybase are working together to integrate the genetic and sequence maps using 
cMap at soybase and in-house software at LIS. 
 
 Integration of other database resources is well underway.  The approach used will 
utilize a virtual approach with external data housed at the host site and linked in.  This 
requires a great deal of coordination with the other databases to maintain architecture and 
schema compatibility but is often the only reasonable approach as other databases may be 
unwilling to have complete data set copies housed externally.  Formal relationships with 
other curators should be well defined to ensure the longevity of this structure and the 
integrity and timeliness of the data being presented form this portal. 
 
The curators of the relevant databases are working together, as much as possible.  Dr. 
Nelson in working with Drs. Grant (soybase) and May (CoPI from LIS) to ensure that the 
physical map is as useful and presentable as possible.   
 
6. Community involvement 
 
 The outreach efforts of this project have been exemplary.  Efforts have been made 
to contact many sites (50+ universities and 20+ programs) to foster participation in the 
SoyMap related activities.  These efforts have included a web presence and email contact 
but also more personal telephone and local visits and presentations and outreach 
conference participation.  Six students have participated with backgrounds in 
mathematics, biology and microbiology and representing three states.  Feedback from the 
participants has bee very positive with social aspects of being away from home the only 
major negative aspect.  These activities have clearly been given due consideration by the 
SoyMap group in accordance with NSF mandates. 
 
 Many post-doctoral, graduate and undergraduate training opportunities within the 
participating laboratories were indicated as well as a significant publication list.  It was 
unclear how many of the publications arose directly from the SoyMap project rather than 
from other laboratory activities and this should be clarified project progress report. 
 
It is a little difficult to parse which publications were solely derived from this project as 
there is a great deal of overlap with other projects and students/postdocs involved in this 
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project also participated in other coordinated activities.  This list provided in this report 
to the NSF is a culled list of the list that was provided to the AC. 
 
7. Summary 
 


Once again the SoyMap project has progressed well and produced considerable 
community resources and data. Dr. Jackson’s leadership has been excellent and he 
continues to represent well the soybean genome effort on an international front. The 
completion of the 8x sequence draft this year will mark a great milestone for the soybean 
community.  This project has done exceptionally well integrating many of the resources 
that are most familiar to the soybean research community (genetic markers for example), 
which will greatly enhance their efforts in utilizing the sequence scaffolds.  The resources 
will of course also fuel Dr. Jackson’s and the other SoyMap participating laboratories’ 
work’ in the future.   
 


Overall the SoyMap project has progressed well and met or exceeded many of its 
original goals.  Additional activities have been incorporated as suggested by the AC to 
better accommodate the inclusion of the draft sequence resource.  Continued interactions 
between Dr. Jackson and Jeremy Schmutz (JGI) are not only encouraged but also 
essential as the sequence resource develops.  Dr. Jackson is uniquely qualified to 
represent the needs of the soybean community to ensure that the completed draft 
sequence is available in a format that will maximize its use. 
 
The SoyMap team greatly appreciates the help and input of the AC over the past four 
years.  We were extremely fortunate to have such a team of advisors that ‘bought’ into 
the project and helped navigate us through a constantly changing landscape over the 
course of the project.  Special thanks go to John McPherson who chaired the committee! 
 
 
End of Advisory Committee report. 
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Update from the USDA-ARS/Univ of Iowa group under CoPI Shoemaker (some of the 
comments are relevant to the AC’s report). 


 
All objectives assigned to the Ames group have been met and exceeded. In recent 
months the group has focussed on the quality assembly of the whole genome 
sequence and the anchoring of the sequence to the genetic map and physical map.  
 
The Ames ARS group is using several approaches for validating the 1619 
scaffolds of the 7X assembly. The objectives are to confirm each scaffold 
sequence's placement and orientation. We are using using a combination of genetic 
markers, reciprocal syntenic comparisons between homoeologous regions, 
examination of clone-coverage depths and other scaffold-scaffold relationships, 
and genomic landmarks such as pericentromeric and telomeric sequences. These 
evidence types are all used in a "scaffold tracker" that records information about 
scaffolds in preliminary pseudomolecule sequences.  
 
We have also assembled preliminary pseudomolecules by ordering and orienting 
each of the 296 genetically anchored scaffolds, and have compared all the 
resulting pseudomolecules against one another. With these comparisons, we check 
for expected chromosomal synteny relationships, for centromeric and 
pericentromeric locations, and for potential scaffold mis-orientations.  In a related 
approach for validating scaffolds, we are checking all BAC end pairs that were not 
used in the assembly. Some of these link scaffolds that are expected to be adjacent. 
Finally, we have implemented a genome browser (Gbrowse) that is customized for 
quality control on the assembly. It displays clone coverage depths (BAC and 
fosmid), marker locations, and repeat densities. We have used this and analysis of 
the markers to identify 9 chimeric scaffolds and have reported the results to DOE-
JGI.  
 
Genetic Anchoring of the Whole Genome Sequence (SNP Development):  
 
The Ames group and collaborators have been working to genetically anchor and 
validate and improve this assembly. The assembly currently contains 4634 
mapped markers, which anchor 296 scaffolds, and 97.7% of the sequence in the 
assembly. We have also designed 1536 additional markers for mapping using the 
Illumina GoldenGate assay. These were chosen specifically from remaining 
unanchored large scaffolds in the 7X assembly, and from the ends of geneticall 
mapped scaffolds, to help validate scaffold ends and to more confidently orient the 
scaffolds in chromosome pseudomolecules.  
 
When genetically mapped, the new 1536 SNP markers will bring the total mapped 
scaffolds to 334, containing 98.2% of the 7X assembly sequence. The markers were 
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chosen from SNPs from Solexa-generated sequence from Glycine soja, compared against 
the 7X G. max Williams sequence, and will be mapped, by the Ames group and 
collaborators in the USDA-ARS, Beltsville in a 480-individual mapping population.  
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Project Participants


Senior Personnel


Name: Jackson, Scott


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: May, Greg


Worked for more than 160 Hours: Yes


Contribution to Project: 
 
Name: Shoemaker, Randy


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Stacey, Gary


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Doyle, Jeffrey


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Futrell-Griggs, Montona


Worked for more than 160 Hours: Yes


Contribution to Project: 
 
Name: Kudrna, Dave


Worked for more than 160 Hours: No


Contribution to Project: 
Leader, BAC/EST Resource Center


Name: Kim, HyeRan


Worked for more than 160 Hours: No


Contribution to Project: 
Leader, DNA Sequencing


Name: Yu, Yeisoo


Worked for more than 160 Hours: No


Contribution to Project: 
Leader, Finishing Center


Name: Nguyen, Henry


Worked for more than 160 Hours: No
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Contribution to Project: 
Professor and director of soybean genome mapping laboratory


Name: Wu, Xiaolei


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research Associate: Screening 6-D pools using PCR approach and managing data for anchoring genetic markers to physical map


Name: May, Gregory


Worked for more than 160 Hours: Yes


Contribution to Project: 


Post-doc


Graduate Student


Name: Hans, Christian


Worked for more than 160 Hours: Yes


Contribution to Project: 
hybrization of BACs to physical chromosomes of G.max Williams 82 cultivar via FISH


Name: Joseph, Bindu


Worked for more than 160 Hours: Yes


Contribution to Project: 
SSR discovery and mapping, local physical map management and quality control


Undergraduate Student


Name: Carroll, Carley


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Pedigo, Oshia


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Devlin, Morgan


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Lee, Kuan-Hsien


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Wert, Jesse


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Kupke, James


Worked for more than 160 Hours: No
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Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry, Comboscreen J
maintenance and program updating (computer program)


Name: Stansberry, Alisha


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Evans, William


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Teat, William


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Smucker, Jonathan


Worked for more than 160 Hours: No


Contribution to Project: 
Support: filter preparation and exposure to imaging plates, FLA scanner operation, scoring hits and data entry


Name: Warden, Shylo


Worked for more than 160 Hours: No


Contribution to Project: 
Support SSR disvoery and mapping, gel preparation, PCR reaction scoring


Name: Gavins, Novia


Worked for more than 160 Hours: No


Contribution to Project: 
Support: preparation of solutions


Name: So, Mia


Worked for more than 160 Hours: No


Contribution to Project: 
 


Technician, Programmer


Name: Thorley, Trulie


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician: overgo probe synthesis, library screening, filter preparation and exposure to imaging plates, FLA scanner operation,
scoring hits and data entry


Name: Olson, Terry


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, SSR discovery and mapping


Name: Hayes, Judy


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, SSR discovery and mapping
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Name: Peiffer, Greg


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, overgo mapping


Name: Griffin, L. Michelle


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, overgo mapping


Name: Collura, Kristi


Worked for more than 160 Hours: Yes


Contribution to Project: 
Manager, DNA Sequencing


Name: Smart, Dan


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, DNA preparation


Name: Campos, David


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, DNA preparation


Name: Mueller-Rambo, Terri


Worked for more than 160 Hours: No


Contribution to Project: 
Senior Finisher


Name: Abernathy, Brian


Worked for more than 160 Hours: Yes


Contribution to Project: 
Project and Website Programmer: developed and designed the project website, www.soymap.org, designed programs to gather and
curate project data


Name: Gajendran, Kamal


Worked for more than 160 Hours: No


Contribution to Project: 
Legume Information System Programmer


Name: Westerman, Rick


Worked for more than 160 Hours: No


Contribution to Project: 
Overgo Designer: designed overgo from sequence data sets


Name: Gonzales, Michael


Worked for more than 160 Hours: Yes


Contribution to Project: 
Outreach Personnel: began communications with representatives at over 24 higher education institutions in and around New
Mexico, gave presentations at several of these institutions, attended 2 conferences


Name: Shelton, Jeffrey


Worked for more than 160 Hours: No


Contribution to Project: 
BAC isolation and preparation for shotgun library construction
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Name: Lopez, Georgina


Worked for more than 160 Hours: Yes


Contribution to Project: 
DNA preparartion


Name: Farmer, Andrew


Worked for more than 160 Hours: Yes


Contribution to Project: 
LIS programmer


Other Participant


Name: Ma, Jiaxin


Worked for more than 160 Hours: No


Contribution to Project: 
Research Geneticist: shotgun library construction, annotation of sequenced BACs from Purdue University


Name: Zhang, Guohua


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research specialist: PCR screening of 6-D BAC pools


Name: Wissotski, Marina


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research Specialist: sequencing reaction


Name: Grant, David


Worked for more than 160 Hours: Yes


Contribution to Project: 
Soybase Curator and soybean geneticist


Research Experience for Undergraduates


Name: Espinoza, Jeremy


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Junior                                                      


Home Institution: Other than Research Site


Home Institution if Other: New Mexico Institute of Mining and Technology


Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU site award


Name: Garcia, Jamie


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Other                                                       


Home Institution: Other than Research Site


Home Institution if Other: Santa Fe Community College


Home Institution Highest Degree Granted(in fields supported by NSF): Associate's Degree                      


Fiscal year(s) REU Participant supported:   2006    
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REU Funding: REU site award


Name: Koepf, Britney


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Sophomore                                                   


Home Institution: Other than Research Site


Home Institution if Other: Hiram College


Home Institution Highest Degree Granted(in fields supported by NSF): Master's Degree                         


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU supplement


Name: Morrow, Julie


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Other                                                       


Home Institution: Other than Research Site


Home Institution if Other: Albuquerque Technical Vocational Institute Community College


Home Institution Highest Degree Granted(in fields supported by NSF): Associate's Degree                      


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU supplement


Name: Reveles, Candace


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Sophomore                                                   


Home Institution: Same as Research Site


Home Institution if Other:  


Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         


Fiscal year(s) REU Participant supported:   2007    


REU Funding: REU supplement


Name: Alcoverde, Rosanna


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Sophomore                                                   


Home Institution: Same as Research Site


Home Institution if Other:  


Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         


Fiscal year(s) REU Participant supported:   2007    


REU Funding: REU supplement


Organizational Partners


Other Collaborators or Contacts
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Activities and Findings


Research and Education Activities:
We have continued to refine the BAC-based physical map in coordination with the DOE-
JGI genome sequence that was released January 2008.  For more detail see the attached 
document (AC report and response).  One part of this is to develop a set of BAC clones in 
the physical map that are part of the sequence map such that a person mapping a gene 
can easily order a BAC and be sure that it contains the desired sequence.  Another part if 
working with the sequence map to ensure integrity.  Already we have found several 
instances of false sequence joins, also confirmed by complementary mapping data.  This is 
an ongoing effort in our group.

On the education front, we are starting our last year of the summer intern program.  Five 
students have been placed for 2008 (5 were also placed in 2007).  One is going to Purdue, 
one to Iowa State, two to univ. of Missouri and one to the Univ. of Arizona.  An exciting 
front in the outreach is the potential development of a bioinformatics course that would 
be coordinated by Michael Gonzales to use the Soybean Genome as a substrate for 
educational activities.  We are working to do this with a Univ. of New Mexico satellite 
campus that has >80% Native Americans/Hispanic Americans.


Findings: (See PDF version submitted by PI at the end of the report)


Training and Development:
TRAINING
For summer interns, please see the Outreach section of the report.

Purdue University
Christian Hans is a graduate student is currently relating molecular linkage groups with 
soybean chromosomes via FISH. He is hybridizing BACs associated with markers from 
different linkage groups to mitotic chromosomes. ChristianÆs research includes squashes 
and spreads soybean chromosomes, isolation of BAC and soybean genomic DNA, and 
labeling and hybridizing FISH probes.
There are 13 undergraduates who participate in some capacity on this project: preparation 
of solutions, preparation of filters for exposure to phospho-imaging plates, scanning of 
the phospho-imaging plates, deconvolution of the data, etc. 
	About 50% of the undergraduates and researchers in the lab are women, and about 
35% are from diverse groups, such as African-American, Asian American, and Hispanic.

Iowa State University
A PhD graduate student, Ms. Bindu Joseph, is currently supported by the Project. Ms. 
Joseph's research project entails the development of high-integrity physical maps on LG I  
and homoeologous regions on LG O. The overarching objective of her project is to identify 
the gene(s) responsible for a major seed protein QTL identified on LG I, and the putative 
corresponding gene(s) responsible for a minor seed protein QTL within the corresponding 
region of LG O. Achieving her objective requires significant wet-lab confirmation of FPC-
generated contig organization.  As a result of this, she is skilled in FPC, and development 
of physical and genetic maps. She supports the project anchoring of BACs through SSR 
discovery and confirmation of contig integrity.
An undergraduate student is learning routine molecular genetic and computer techniques 
and is being taught how to apply them in a team laboratory setting. Some of the 
techniques the student is learning are SSR discovery and mapping, gel preparation, and 
PCR reaction scoring.
Half of the personnel working on the project are women.
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Arizona Genomics Institute, University of Arizona
Over 50% of the researchers contributing to this project are women, and about 44% are 
from diverse groups, such as Asian and Hispanic groups.



Outreach Activities:
OUTREACH ACTIVITIES
Background/Rationale: The large presence of Native Americans and Hispanics in New Mexico and its surrounding areas present a unique
opportunity to increase minority participation as well as benefit from and serve a diverse student population. New Mexico undergraduate and
technical schools serve large populations of American Indian, Hispanic, and students from rural communities.
 
Objectives:  Our focus is to recruit motivated undergraduate and graduate students from New Mexico, Arizona and Texas to build relationships
with local minority programs and institutions.   We will provide opportunities that promote bioinformatics and genomics research activities
seldom encountered in the state and region.  We will accomplish these objectives through outreach discussions, participation in regional
conferences, and through interactions with local and regional universities, colleges and interest groups.  Our current activities are outlined
below:

SoyMap Outreach Discussion 2006 û  Santa Fe, NM
ò          An outreach discussion roundtable was established by Michael Gonales to gain insight into how we can improve SoyMap outreach
activities in our community. Local participants included: Pamela Silas, AISES executive director; Shirley LaCourse, AISES Program Officer;
Marie Brown, Program Manager of Dream Catcher Program at Sandia National Labs; Lawrence Brown, Government Relations Manager at
Sandia National Labs; Dr. Anthony Sena, Director NSF-REU Biosciences and Biotechnology Northern New Mexico College; Dr. Kamala
Sharma, Professor at UNM Gallup-also a member of the INBRE, BRIDGES, NMAMP and SACNAS programs; Doc Kahlsa, Professor at
Northern New Mexico College; Linda Sandoval,  Program Coordinator for the Center for Bioinformatics and Computational Biology New
Mexico State University, Dr. Tahani Hussein, Computer and Mathematical Sciences Department at New Mexico Highlands University; Dr. Jim
Huntley, Senior Researcher at the National Center for Genome Resources- NMINBRE researcher.

SoyMap Outreach Discussion 2007 û  Santa Fe, NM
ò          An outreach discussion roundtable was established by Michael Gonzales in the first year of this project to gain insight into how we can
improve SoyMap outreach activities in our community. This yearÆs meeting was a continuation on this theme.  Local participants included: 
Connie Flores, AISES program officer, Doc Khalsa, Northern New Mexico College, Meridith Garcia, Northern New Mexico College, Richard
Harlan, Northern New Mexico College, Matthew Perez, College of Santa Fe, Jeremy Espinoza, New Mexico Insititute of Mining and
Technology, 2006 summer intern at NCGR, Dr. Jim Huntley, Senior Researcher at the National Center for Genome Resources- NMINBRE
researcher.

Purdue University Outreach Activities
* Represented in NSF video focused on recruitment of students into plant biology research
* Actively involved in the internship recruitment for the SoyMap project
   - Recruited interns, manned booth at the Annual Society for the Advancement of Chicanos and Native Americans in Science (SACNAS) in
years 2006 and 2007 and the American Indian Science and Engineering Society (AISES) in years 2005 and 2006
   - Posted interns advertisements at a number of sites including AISES, SACNAS, SoyMap website.
   - Participated in discussions about outreach at the Annual Plant Genome Research Program Awardee Meeting in September 2006.
Put advertisements in SACNAS newsletter and web based newsletter.

* Hosted an intern at NCGR during summer 2006 
Jamie Garcia, a student from Santa Fe Community College, spent 8 weeks in the Jackson lab gaining experience in molecular biology
techniques doing research in soybean genetics and genomics. She also participated in the Purdue Summer Research Opportunity Program
(SROP), which includes GRE preparation classes, attendance at the Big Ten Research Conference, poster and oral presentations, and social
activities.

Conference Participation
ò          The AISES National Conference (2005 and 2006)
û         Provided opportunity to meet and build relationships with Native American science students and mentors
û         Facilitates access to AISES student database
ò          The SACNAS National Conference (2006)
û         Provided opportunity to meet and build relationships with a diverse group of students and mentors involved in science from
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underrepresented minority groups, primarily Hispanic Americans and Native Americans
û         Participated in discussions regarding recruitment of underrepresented minority students 
û         Gained practical advice from meeting community members and leaders as to how to recruit at a national level
û         Gained access to SACNAS student database

Iowa State University Outreach Activities
* Hosted an intern at NCGR during summer 2006
Julie Morrow from TVI Community College learned routine molecular genetic and computer techniques and will be taught how to apply them
in a team laboratory setting. She worked closely with graduate students, technicians, senior-level PhDs in the lab, and often with other Iowa
State undergraduates.

University of Missouri Outreach Activities
* Hosted an intern at NCGR during summer 2006 
A Hiram College student, Britney Koepf, joined the Stacey lab for 8 weeks in the summer. She was given the opportunity to learn modern
molecular methods for gene analysis and characterization. Britney was also involved in Life Sciences Undergraduate Research Opportunities
Program (LSUROP), which includes workshops on research and career preparation, funds for one hour of academic credit, and social activities.


National Center for Genome Resources Outreach Activities
* Represented in NSF video focused on recruitment of students into plant biology research

* Actively involved in the internship recruitment for the SoyMap project
   - Made visits to local colleges and universities (Northern New Mexico College, Central New Mexico College, University of New Mexico,
Luna Community College)
   - Recruited interns, manned booth at the Annual Society for the Advancement of Chicanos and Native Americans in Science (SACNAS)
   - Posted interns advertisements at a number of sites including American Indian Science and Engineering Society, SACNAS, Legume
Information Forum websites.
   - Participated in discussions about outreach at the Annual Plant Genome Research Program Awardee Meeting in September 2006.

* Hosted an intern at NCGR during summer 2006 
Jeremy Espinoza is a student at New Mexico Institute of Mining and Technology. His work in poster form was presented at SACNAS (Society
for Advancement of Chicanos and Native Americans in Science) conference. At this conference, Jeremy made contacts with several graduate
schools across the nation. He also presented his research to NCGR scientists and engineers. Presentation was posted on LIS website at:
http://www.comparative-legumes.org/lis_outreach.html

* Built many new relationships with New Mexico, Wyoming, Colorado and Arizona outreach communities. (for example: Dine College in
Tsaile, Arizona,  Santa Fe Indian School, San Felipe Pueblo and Picuris Pueblo, NM Communities)

Conference Participation
ò          The American Indians in Science and Engineering Society (AISES) National Conference
û         Provided opportunity to meet and build relationships with Native American science students and mentors
û         Facilitates access to AISES student database
ò          The Richard Tapia Celebration of Diversity in Computing Conference
û         Provided opportunity to meet and build relationships with a diverse group of students and mentors involved in computer science and
engineering from the Native American, Chicano, and African American Communities.
û         Participated in discussions regarding Recruitment and Retention of Underrepresented Minority Students in Computer Science
û         Gained practical advice from meeting community members and leaders as to how to recruit at a national level
ò          GD May, M. Gonzales and K. Gajendran participated as Science Fair Judges for the National American Indian Science and Engineering
Fair
û         Provided opportunity to meet Native American high school students interested in science. This proved to be a great occasion to promote
research, genomics, and bioinformatics to students entering college. Participation also enhances the SoyMap projectÆs ability build relationships
with the American Indian Science and Engineering Society
 
Organizations, Universities and Colleges Contacted:
ò          Disseminated Advertisement to Representatives and Students
û         E-mail advertisement to all AISES and INBRE college chapters
û         Posted advertisement at AISES
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û         Emailed advertisement to SACNAS representatives and students
û         Contacted representatives from the Committee on the Status of Women in 
Computing Research- emails sent via their community  list server
 
ò          Posted advertisement on a number of websites including:
û         NCGR
û         Legume Information System
û         NMINBRE
û         SoyMap website
 
ò          Contacted minority groups, universities and colleges via email and telephone, and site visits
 
Groups and Associations with which we have been in Contact:
	ò 	The American Indian Science & Engineering Society (AISES)
	ò 	Southwestern Indian Polytechnic Institute (SIPI)
	ò 	Society for the Advancement of Chicanos and Native Americans in Science (SACNAS)
	ò 	Society of Mexican American Engineers and Scientists (MAES)
	ò 	Sandia National Labs- American Indian Outreach Committee
	ò 	Committee on the Status of Women in Computing Research
	ò 	Integrative Graduate Education and Research Traineeship (IGERT)
Program
	ò 	The National Society of  Black Engineers
	ò 	New Mexico  Alliance for Minority Participation Program (NMAMP)
	ò 	Minority Access to Research Careers Program (MARC)
	ò 	Minority Biomedical Research Support Program (MBRS)
	ò 	IDeA Network of Biomedical Research Excellence
	ò 	Sandia National Laboratories
	ò 	Center for Bioinformatics and Computational Biology NMSU
	ò 	Bridges to the Future Program
	ò 	Native American Studies at NMSU and UNM
	ò 	Chicano Studies at NMSU and UNM
	ò 	African American Studies at NMSU and UNM
	ò 	Job Placement Office at New Mexico State  University
	ò 	Job Placement Office at New Mexico Highlands
	ò 	Co-operative learning office at the  University of New Mexico
	ò 	Biology, Chemistry, Health Occupations, Computer Science, Engineering,IT and Bioinformatics departments at the universities and colleges
listed below:
 
Universities and Colleges:
Local Universities:
	ò 	University of New Mexico- Albuquerque, Gallup, Los Alamos, Valencia
 and Taos campuses
	ò 	New Mexico State University, Las Cruces, NM
	ò 	New Mexico Highlands University, Las Vegas, NM
	ò 	New Mexico Tech, Socorro, NM
	ò 	Eastern New Mexico University, Portales, NM 
	ò 	Western New Mexico University, Silver City, NM
	ò 	Northern New Mexico College, Espanola, NM
	ò 	Dine  College,  Shiprock,  NM
	ò 	Luna Vocational Technical Institute, Las Vegas, NM
	ò 	Santa Fe  Community College,  Santa Fe,  NM
	ò 	Mesa  Technical  College,  Tucumcari,  NM
	ò 	Clovis  Community College,  Clovis,  NM
	ò 	New Mexico  Junior College,  Hobbs,  NM
	ò 	San Juan  College,  Farmington,  NM
	ò 	College of  Santa Fe,  Santa Fe,  NM
	ò 	University of  Texas El Paso, El Paso,  TX
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	ò 	Mesa Community College, Mesa,  AZ
	ò 	Dine  College,  Tsaile,  AZ
	ò 	New Mexico Military Institute, Roswell,  NM
	ò 	Arizona  State  University,   Phoenix,  AZ
 	ò 	University of North Carolina-Pembroke, Pembroke, NC (non-local)

Universities Contacted via AISES and INBRE projects:
	ò 	University of Alaska, Anchorage, AK
	ò 	University of Alaska, Fairbanks, AK 
	ò 	Chief Dull  Knife College,  MT
	ò 	Montana  State  University,Bozeman,  MT
	ò 	Rocky  Mountain College,  MT
	ò 	Salish Kootenai College,  MT
	ò 	University of Montana,  MT
	ò 	Oregon State University,  OR
	ò 	Northwest Indian College û Bellingham, WA
	ò 	University of Washington,  WA
	ò 	University of Wyoming,  WY
	ò 	California  Polytechnic  State  University -  San Luis Obispo,  CA
	ò 	Humboldt State University,  CA
	ò 	San Jose State University,  CA
	ò 	Stanford University,  CA
	ò 	University of California-Berkeley,  CA
	ò 	University of  California-Los Angeles,  CA
	ò 	Arizona State University,  AZ
	ò 	Northern  Arizona University,  AZ
	ò 	University of Arizona,  AZ
	ò 	Colorado College,  CO
	ò 	Fort Lewis College, CO
	ò 	University of Colorado û Boulder, CO
	ò 	University of Colorado-Colorado Springs, CO
 
Site Visits:
	ò 	University of New Mexico- Albuquerque,  NM
	ò 	University of  New Mexico ûGallup,  NM
	ò 	University of  New Mexico -  Los Alamos,  NM
	ò 	New Mexico  Highlands  University,  Las Vegas,  NM
	ò 	Northern New Mexico  College,  Espanola,  NM
	ò 	Dine  College,  Shiprock,  NM
	ò 	Luna Vocational Technical Institute, Las Vegas, NM
	ò 	Santa Fe  Community College,  Santa Fe,  NM
	ò 	The American Indian Science & Engineering Society (AISES),
 Albuquerque,  NM
	ò 	Southwestern Indian Polytechnic Institute (SIPI),  Albuquerque,  NM
	ò 	Albuquerque Technical Vocational Institute (TVI), Albuquerque,  NM
	ò 	San Juan  College,  Farmington,  NM
	ò 	College of  Santa Fe,  Santa Fe,  NM
 
Personal Contacts:
Met with Mr. Sweeney Windchief, coordinator of graduate fellowship and special programs at the American Indian Graduate Center. Mr.
Windchief helped to distribute the advertisement (both the physical advertisement and an email to Indian Country USA)

Mathew Perez û Former AISES member 
Matt has helped get the word out at Harvard and Dartmouth Native American Programs
Matt is a member of several community list servers and has been helpful in posting our advertisements.

Michael Gonzales (now separate from NCGR)
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Redesigned the Soymap outreach page to be more user friendly and added the posters and presentations of the previous interns.

Visited:
University of New Mexico (UNM) Albuquerque Campus
UNM Valencia
UNM Los Alamos
UNM Taos
UNM Gallup
Santa Fe Community College (SFCC)
College of Santa Fe
New Mexico State University
University of Texas El Paso (UTEP)
Northern New Mexico College
Dine College
San Juan College
Central New Mexico Community College (CNM)
New Mexico Institute for Mining and Technology (NMTech)
Eastern New Mexico University
Western New Mexico University
Luna Community College
Highlands University
National American Indian Science and Engineering Fair (NAISEF)-Albuquerque 
This is a great occasion to promote research, genomics, and bioinformatics to students entering college. Participation also continued to build
upon SoyMap projectÆs relationships with the American Indian Science and Engineering Society.

Contacted:
Mesa Community College- Tucumcari, NM
New Mexico Junior College,  Hobbs, NM
Clovis Community College, Clovis NM
New Mexico Military Institute, Roswell, NM
Southwestern Indian Polytechnic Institute
Bureau of Indian Affairs
Dakota Wesleyan University

Lists joined:
Stanford University- Native American Student Email List
New Mexico Alliance for Minority Participation Program- NM State Wide Email list
Minority Access to Research Careers Program, NMSU- NM State Wide Email List
New Mexico IDeA Network of Biomedical Research Excellence-NM State Wide Email List
Minority Biomedical Research Support Program- NM State Wide Email list
Bridges to the Future Program- NM State wide Email list
New Mexico High Tech Job Forum
AISES Chapter Programs- ALL see http://www.aises.org/Membership/SchoolsandChaptersDirectory
Sandia National Laboratory- Dream Catcher Program

Arizona Genetics Institute-University of Arizona, Tucson Outreach Activities
* Hosted two interns at NCGR during summer 2007
Rosanna Alcoverde from the University of Arizona-Tucson was trained in computer programming and bioinformaticsto create an automated
check system for quality and contamination of the data produced; a pipeline that automatically retrieves sequence code on a daily basis,
performs some assessment and reports a summary. She worked closely with graduate students, technicians, senior-level PhDs in the lab.


Candace Reveles from the University of Arizona-Tucson learned routine molecular biology techniques dealing with the comparison of
homologous regions of the short arms of chromosome three from four of 24 Oryza species. She worked closely with graduate students,
technicians, senior-level PhDs in the lab.
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Journal Publications


Walling, J.G., R.C. Shoemaker, N.D. Young, J. Mudge and S.A. Jackson, "Chromosome
    level homeology in paleopolyploid soybean (Glycine max) revealed through
    integration of genetic and chromosome maps.", Genetics, p. 1893, vol. 172, (2006). Published, 


Jackson, S.A., D. Rokhsar, G. Stacey, R. Shoemaker, J. Schmutz and J. Grimwood., "Toward a reference sequence of the soybean genome: a
multi-agency effort.", The Plant Genome; Crop Science
, p. 55, vol. 46, (2006). Published, 


Xue-Cheng Zhang, Xiaolei Wu, Seth Findley, Jinrong Wan, Marc Libault, Henry T. Nguyen, Steven B. Cannon, and Gary Stacey 
, "Molecular evolution of LysM domain kinases in plants.
", Plant Physiology, p. , vol. , (    ). Submitted, 


Hass-Jacobus BL, Futrell-Griggs M, Abernathy B, Westerman R, Goicoechea JL, Stein J, Klein P, Hurwitz B, Zhou B, Rakhshan F, Sanyal A,
Gill N, Lin JY, Walling JG, Luo MZ, Ammiraju JS, Kudrna D, Kim HR, Ware D, Wing RA, SanMiguel P, Jackson SA, "Integration of
hybridization-based markers (overgos) into physical maps for comparative and evolutionary explorations in the genus Oryza and in Sorghum.",
BMC Genomics, p. , vol. , (2006). Published,  


Jackson SA, Rokhsar D, Stacey G, Shoemaker RC, Schmutz J, Grimwood J, "Toward a Reference Sequence of the Soybean Genome: A
Multiagency Effort.", The Plant Genome, p. , vol. , (2006). Published,  


Jackson SA, Rounsley S, Purugganan M, "Comparative sequencing of plant genomes: choices to make.", Plant Cell, p. , vol. , (2006).
Published,  


Ma J, Wing RA, Bennetzen JL, Jackson SA, "Plant centromere organization: a dynamic structure with conserved functions.", Trends in
genetics, p. , vol. , (2007). Published,  


Schlueter J, Goicoechea JL, Collura K, Gill N, Lin JY, Yu Y, Kudrna D, Zuccolo A, Vallejos CE, Munoz-Torres M, Blair MW, Tohme J,
Tomkins J, McClean P, Wing RA, Jackson S, "BAC-end sequence analysis and a draft physical map of the common bean (Phaseolus vulgaris
L.) genome.", Tropical Plant Biology, p. , vol. , (2008). Published,  


Schlueter JA, Lin JY, Schlueter SD, Vasylenko-Sanders IF, Deshpande S, Yi J, O'Bleness M, Roe BA, Nelson RT, Scheffler BE, Jackson SA,
Shoemaker RC, "Gene duplication and paleopolyploidy in soybean and the implications for whole genome sequencing.", BMC Genomics, p. ,
vol. , (2007). Published,  


Shoemaker RC, Grant D, Olson T, Warren WC, Wing R, Yu Y, Kim H, Cregan P, Joseph B, Futrell-Griggs M, Nelson W, Davito J, Walker J,
Wallis J, Kremitski C, Scheer D, Clifton SW, Graves T, Nguyen H, Wu X, Luo M, Dvorak J, Nelson R, Cannon S, Tomkins J, Schm,
"Microsatellite discovery from BAC end sequences and genetic mapping to anchor the soybean physical and genetic maps.", Genome, p. , vol. ,
(2008). Published,  


Walling JG, Shoemaker RC, Young ND, Mudge J, Jackson SA, "Chromosome level homeology in paleopolyploid soybean (Glycine max)
revealed through integration of genetic and chromosome maps.", Genetics, p. , vol. , (2005). Published,  


Wu X, Zhong G, Findley SD, Cregan P, Stacey G, Nguyen HT, "Genetic marker anchoring by six-dimensional pools for development of a
soybean physical map.", BMC Genomics, p. , vol. , (2008). Published,  


Books or Other One-time Publications
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Web/Internet Site


URL(s):
www.soymap.org, soybase.org
Description:
Soymap.org is the proejct website and has all relevant data for mapping and sequencing.  
Soybase.org is the functional home for the physical map that was produced and refined as 
part of this project.


Other Specific Products


Contributions


Contributions within Discipline: 
This project has contributed to the development of a physical framework for the soybean 
genome that is currently being used for the assembly of sequence scaffolds for the soybean 
genome.  This will help in the genetic and functional analysis of the soybean genome.


Contributions to Other Disciplines: 
We are beginning to make insights into the genome structure of the highly duplicated of 
soybean that will lead to insights in evolutionary processes of genome duplication-
diploidization.


Contributions to Human Resource Development: 
In doing research for this project, three PhD students at Purdue and two at Iowa STate 
University and at least eight postdoctoral associates are or have been trained in genetics and 
genomics, specifically in soybean.  Moreover, many women and representatives of under-
represented groups have participated in research and outreach efforts and not only have 
contributed to the project, but have learned new tools and techniques in genome research.


Contributions to Resources for Research and Education: 
Please refer to the human resource development section of 'Contributions'.


Contributions Beyond Science and Engineering: 
 


Conference Proceedings


Special Requirements


Special reporting requirements: None


Change in Objectives or Scope: None


Animal, Human Subjects, Biohazards: None


Categories for which nothing is reported: 
Organizational Partners


Any Book


Any Product


Contributions: To Any Beyond Science and Engineering


Any Conference







Annual Report for SoyMap Project 
(PIs: Jackson, Shoemaker, Wing, Stacey and May). 


 
Our last Advisory Committee meeting was held in February and below is 
their report with our responses (in red, italic text).  Following the AC report 
is an update from CoPI Shoemaker. 
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SOYMAP Advisory Committee Meeting 
 


National Center for Genome Resources 
Santa Fe, NM 


February 29, 2008 
 


Advisory Committee Members 
Perry Cregan, Ken Dewar, Anne Dorrance*, 


W. Richard McCombie*, and John McPherson (Chair) 
 
 
 
 
 
 
 
 
 


*see Administrative Notes section. 
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Administrative Notes 
 
Drs. Dorrance and McCombie were unable to attend the AC meeting this year at the 
NCGR, Santa Fe 
 
Introduction 
 
The Advisory Committee (AC) thanks all SoyMap participants for their time preparing 
and presenting the current overview of the project as it nears its completion.  Again this 
year, significant progress has been made with many areas exceeding goals.  Guidance 
from the AC continues to be well incorporated.  The JGI whole genome shotgun 
sequencing (wgs) was announced at the recent PAG conference and plays an important 
part in the soybean genome program.  Much effort has been devoted to integrating 
mapping and sequencing data and has progressed well.  The SoyMap project continues to 
generate a world-class community resource. 
 
AC Comments and Recommendations: 
 
1. JGI whole genome sequence 
 
 Although not a direct part of the SoyMap project, the recently released sequence 
has obviously had a profound affect on this project’s activities.  The state of the sequence 
is reviewed here first as many activities of the SoyMap participants involved synergistic 
use of the sequence and mapping resources to improve both.  The JGI sequencing effort 
has generated >7x genome coverage and the sequence traces have been deposited into the 
NCBI trace archive.  The first release, Glyma0, is currently available to the community 
with a more refined release expected by the end of 2008 (Glyma1).  The updated release 
will include an additional 1x coverage in large-insert plasmid, fosmid and BAC paired-
end reads.  The current release encompasses ~950Mb in supercontigs with N50=6.5Mb.  
Greater than 58,000 protein-coding loci have been tentatively identified. 
 
2. Physical map 
 


Fingerprinting and end sequencing of all BAC resources has been completed.  A 
major effort this past year was put into refining the physical fingerprint map, 
incorporating genetic markers, annotating the BES and comparing the physical map 
resources with the sequence assembly to improve both. 
 
 After attempting to use automated tools to generate a better assembly of the BAC 
fingerprints, the semi-automated manually curated Washington University version was 
adopted for further refinement.  Functionality for aligning the physical map with 
sequence assembly has been implemented within FPC.  The alignment is mediated 
through BES of BAC clones incorporated into the physical fingerprint contigs.  Nearly 
200,000 BES anchor the sequence assembly to the map.  The placement of five BES 
within a 250kb region was used as the minimal inclusive criteria.  Built-in FPC functions 
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were used to identify potential physical map improvements and conflicts.   Utilizing the 
initial 4x genome sequence assembly ~500 contig merges were supported.  The newly 
released 7x assembly was used to identify problematic regions largely consisting of 
sequence scaffolds overlapping within a fingerprint contig.  These may well represent 
duplicated regions with high fingerprint similarity that are resolved by the increased 
texture of the sequence data.  After breaking 179 contigs and merging others guided by 
the sequence assembly, the current map consists of 1,745 contigs of which 92% are 
aligned to the sequence draft.  Problem contigs remain including some which may 
indicate sequence scaffold misassembly.  The FPC map supports a few scaffold merges 
and small contig placements.  Dr. Nelson may initiate one more soybean FPC version 
with minor incremental changes.  His involvement with the project has largely ended due 
to the end of funding for his work.  The AC encourages the allocation of appropriate 
funds to complete this final FPC version but does not encourage any longer term FPC 
map development. 
 
Per the AC’s suggestion, Dr. Nelson will not spend additional efforts on the FPC map, 
per se.  But is continuing to work on the FPC map as related to the sequence map at the 
request of the sequencing groups to help resolve some problematic scaffolds.  Also per 
the AC’s suggestion, Dr. Nelson will harmonize an FPC map to the sequence scaffolds so 
that BACs that ‘definitely’ underlie certain genomic regions so that the community can 
quickly navigate from the sequence to order a BAC clone that has the region of interest. 
 
A summary of the last FPC map update is below: 


• GMWc library integrated, total coverage ~19x. �� 
• FPC contigs aligned to 4x & 7x draft using new FPC functions�developed partly 


for this project. Decontamination tool�also developed. �� 
• Using 4x: 500 FPC contig merges performed. �� 
• Using 7x: 179 chimeric FPC contigs identified, broken up�� 
• Decontamination tool run, removing 6204 suspected chimeric fingerprints 
• ��Current map: 1745 contigs, 92% of map length aligned to draft�� 
• Small number of significant anomalies (~10) remain to sort out�with the 8x draft; 


also small number of draft contig merges suggested. 
• ��Clone checks using draft (to be redone with 8x):�� 
• ~80k clone positions could be checked against the 7x draft, using BES�(the rest 


either lacked one BES or were in a contig having no clear�draft alignment) �� 
• 26% did not have a paired alignment to the draft at the right location.�� 
• ~50 96-well plate tracking errors identified (i.e., where nearly all � clones on the 


�plate don't align right).�� 
 
2. Marker integration 
 
 Several components of the SoyMap project have been directed at associating 
markers, both BAC end associated and polymorphic, with BAC clones.  These 
associations allowed early integration of the markers with the BAC physical contigs.  It is 
expected that the sequence assemblies will largely be used moving forward to associate 
markers with clone contigs.  Over the life of the project overgo mapping by the Jackson 
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map has been quite successful.  SSR mapping by the Shoemaker lab was also largely 
fruitful; however, genetic marker inconsistencies within ~12% of the tagged FPC contigs 
were observed.  An analysis of these inconsistencies was presented using sequence 
scaffold marker and BES content.  It was unclear how the marker inconsistencies should 
be resolved and may become clear through sequence annotation in the future.  A third 
component of marker anchoring was mediated through PCR screening of six dimensional 
BAC pooling.  As in previous years, it was difficult to determine the definition of the 
success rate achieved.  More effort was made to present data regarding the number of 
clones identified per marker but the distribution suggests a lower than expected yield than 
the seemingly fortuitous strict average calculation that precisely matched the expected 
value based on clone depth screened. 
 
Below is a response from the Missiouri CoPIs specific to the PCR pools 
 
Issues of inconsistency of genetic marker anchoring using the 6D-BAC pools 


In the advisory group report, there was apparently some confusion about the 
accuracy of marker placement based on the 6D BAC pool screening. This likely came 
from statements made at the advisory meeting that were later shown to be due to the use 
of incorrect analyses. Regardless, we did not want this confusion to linger. Hence, please 
see below our discussion of the PCR based, 6D BAC pooling strategy and our analysis of 
the errors inherent in these methods. These errors were taken into account during the 
incorporation of markers into the physical map (i.e., efforts were taken to remove the 
sources of false positive results prior to marker integration).  


Genetic marker anchoring is more challenging for a complex genome, such as 
soybean. The PCR based,  6-D pool screening approach is considered an efficient way to 
anchor allele specific genetic markers because PCR products are only scored if they are 
the same size using both the BAC pools and the genomic DNA as template. However, 
several factors that may affect the data quality were considered in the process of data 
manipulation for map integration.  


1)    removal of false positive single clones  
The results revealed an overall false positive rate of 13.9%. However, more than 


90% of the false positive clones came from those where only a single clone was detected 
in a contig. Therefore, to reduce this source of error, we recommend using for map 
integration only overlapping clones detected by a single genetic marker or non-
overlapped clones detected by multiple genetic markers (assuming no conflict with other 
nearby markers). If we assume the linkage group assignment of the genetic markers used 
in our study and the assembly of the current FPC contigs are all correct (we do know 
that there are some discrepancies, see below), then 60% of the contigs with multiple 
markers would conflict with an anchor marker placed by assignment to a single BAC 
clone. However, if we remove such markers, then these conflicts drop to only 7%. The 
real level of conflict may be even lower since we did not eliminate contigs for clearly 
duplicated regions or those that may be incorrectly assembled. 


2) Elimination of the association of clones from questionable FPC contigs 
Compared to the alignments of BES of anchored contigs and marker sequence to 


the WSS assembly, we identified 729 inconsistent clones for 200 mapped markers. Out of 
729 clones, 226 clones were from questionable FPC contigs since multiple alignments by 
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multiple BES to the same FPC contig were found. For example, FPC contig 6136 aligned 
to 14 WSS scaffolds. These kind of inconsistencies are not related to the 6D pools. If we 
eliminate such marker-clone associations, as well as the single BAC hits (above), then 
the 6D pool final false positive rate is 1.5%.  


3)  Clarification of paralogous loci with mapped loci 
16.6% of the clones go to parologous regions of mapped markers. The locations 


of 73.7% of the clones, anchored by genetic mapped markers, are consistent with the 
marker locations in the WSS scaffolds.  It is likely that the close sequence identify 
between some paralogous regions also contributes to discrepancies arising from the use 
of the 6D pools. 


Thus, given the correct parameters, the 6D pool strategy is a powerful way to 
improve the alignment of the soybean physical and genetic maps. 
 
3. Targeted sequencing of BAC clones. 
 
 One of the specific aims of the project was to fully sequence EST rich and poor 
BACs and BACs originating from homeologous regions of the genome.  It is unclear 
from the presentations whether these goals will be met.  Nonetheless, there are well over 
100 sequenced BACs in Genbank (from this and other groups) and results were presented 
on the sequencing of four pairs of homoeologous BACs.   
 
In general, the group should take care to rigorously compare assembled BAC sequences 
with the BES resource and with the hybridization probe (when applicable).  A sequenced 
BAC that does not correlate with its previously determined end sequence will skew 
interpretations and indicate mix ups of one type or another.  In instances of homeologous 
BACs the summary of matched and aligned length is also misleading without a broader 
overview of the BACs’ overlap to each other.  In some cases the sequencing of additional 
overlapping BACs may be warranted in order to fully compare the region of homeology.  
The independent assembly of homeologous BACs (independent of each other and 
independent of the genome wide assembly) will be a powerful tool for assessing and 
locally correcting the whole genome sequence. 
 
BAC-based sequencing of homeologous regions is ongoing per the AC’s suggestion.  In 
one instance, we now have ~2Mb of sequence from a pair of homeologous regions from 
linkage groups E and A2. 
 
4. BES sequence annotation and comparative mapping. 
 
 BES annotation has been added to the Legume Information System at NCGR.  
The network traffic (4,628 unique hits per month) indicates that this is a reasonably well 
used resource.  The intent of these visits and whether the expected information was 
retrieved is not known.  Statistics on the type of data retrieved would be useful.  
Consensus sequence from CAP3 clustered BES were used to interrogate various data sets 
using BLAST.  Ribosomal and chloroplast sequences were first identified.  Gene 
annotations were collected for display.  The “best hit” only approach was used which 
may give misleading results.  BLAST hits of similar significance need to be considered.  
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Extensive efforts at BES annotation are unnecessary as the will be quickly supplanted by 
more complete genome annotation.  The largest value is gained through the comparative 
mapping view.  Again a focus on sequence scaffold alignment is warranted in the future.  
Should the community desire BAC clones encompassing a region identified through 
comparative analysis, a clone can be readily identified from the BES/scaffold alignments. 
Facilitated navigation between genetic, physical and sequence maps will be a useful 
resource for the soybean community. 
 
We are working on developing an integrated resource such that the community can easily 
navigate between genetic, sequence and physical maps.  Part of this is being achieved in 
the response to point 2 (above) where Dr. Nelson is working to harmonize the BES with 
the sequence map so we have a set of validated BACs associated to the sequence map.  
LIS and Soybase are working together to integrate the genetic and sequence maps using 
cMap at soybase and in-house software at LIS. 
 
 Integration of other database resources is well underway.  The approach used will 
utilize a virtual approach with external data housed at the host site and linked in.  This 
requires a great deal of coordination with the other databases to maintain architecture and 
schema compatibility but is often the only reasonable approach as other databases may be 
unwilling to have complete data set copies housed externally.  Formal relationships with 
other curators should be well defined to ensure the longevity of this structure and the 
integrity and timeliness of the data being presented form this portal. 
 
The curators of the relevant databases are working together, as much as possible.  Dr. 
Nelson in working with Drs. Grant (soybase) and May (CoPI from LIS) to ensure that the 
physical map is as useful and presentable as possible.   
 
6. Community involvement 
 
 The outreach efforts of this project have been exemplary.  Efforts have been made 
to contact many sites (50+ universities and 20+ programs) to foster participation in the 
SoyMap related activities.  These efforts have included a web presence and email contact 
but also more personal telephone and local visits and presentations and outreach 
conference participation.  Six students have participated with backgrounds in 
mathematics, biology and microbiology and representing three states.  Feedback from the 
participants has bee very positive with social aspects of being away from home the only 
major negative aspect.  These activities have clearly been given due consideration by the 
SoyMap group in accordance with NSF mandates. 
 
 Many post-doctoral, graduate and undergraduate training opportunities within the 
participating laboratories were indicated as well as a significant publication list.  It was 
unclear how many of the publications arose directly from the SoyMap project rather than 
from other laboratory activities and this should be clarified project progress report. 
 
It is a little difficult to parse which publications were solely derived from this project as 
there is a great deal of overlap with other projects and students/postdocs involved in this 
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project also participated in other coordinated activities.  This list provided in this report 
to the NSF is a culled list of the list that was provided to the AC. 
 
7. Summary 
 


Once again the SoyMap project has progressed well and produced considerable 
community resources and data. Dr. Jackson’s leadership has been excellent and he 
continues to represent well the soybean genome effort on an international front. The 
completion of the 8x sequence draft this year will mark a great milestone for the soybean 
community.  This project has done exceptionally well integrating many of the resources 
that are most familiar to the soybean research community (genetic markers for example), 
which will greatly enhance their efforts in utilizing the sequence scaffolds.  The resources 
will of course also fuel Dr. Jackson’s and the other SoyMap participating laboratories’ 
work’ in the future.   
 


Overall the SoyMap project has progressed well and met or exceeded many of its 
original goals.  Additional activities have been incorporated as suggested by the AC to 
better accommodate the inclusion of the draft sequence resource.  Continued interactions 
between Dr. Jackson and Jeremy Schmutz (JGI) are not only encouraged but also 
essential as the sequence resource develops.  Dr. Jackson is uniquely qualified to 
represent the needs of the soybean community to ensure that the completed draft 
sequence is available in a format that will maximize its use. 
 
The SoyMap team greatly appreciates the help and input of the AC over the past four 
years.  We were extremely fortunate to have such a team of advisors that ‘bought’ into 
the project and helped navigate us through a constantly changing landscape over the 
course of the project.  Special thanks go to John McPherson who chaired the committee! 
 
 
End of Advisory Committee report. 
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Update from the USDA-ARS/Univ of Iowa group under CoPI Shoemaker (some of the 
comments are relevant to the AC’s report). 


 
All objectives assigned to the Ames group have been met and exceeded. In recent 
months the group has focussed on the quality assembly of the whole genome 
sequence and the anchoring of the sequence to the genetic map and physical map.  
 
The Ames ARS group is using several approaches for validating the 1619 
scaffolds of the 7X assembly. The objectives are to confirm each scaffold 
sequence's placement and orientation. We are using using a combination of genetic 
markers, reciprocal syntenic comparisons between homoeologous regions, 
examination of clone-coverage depths and other scaffold-scaffold relationships, 
and genomic landmarks such as pericentromeric and telomeric sequences. These 
evidence types are all used in a "scaffold tracker" that records information about 
scaffolds in preliminary pseudomolecule sequences.  
 
We have also assembled preliminary pseudomolecules by ordering and orienting 
each of the 296 genetically anchored scaffolds, and have compared all the 
resulting pseudomolecules against one another. With these comparisons, we check 
for expected chromosomal synteny relationships, for centromeric and 
pericentromeric locations, and for potential scaffold mis-orientations.  In a related 
approach for validating scaffolds, we are checking all BAC end pairs that were not 
used in the assembly. Some of these link scaffolds that are expected to be adjacent. 
Finally, we have implemented a genome browser (Gbrowse) that is customized for 
quality control on the assembly. It displays clone coverage depths (BAC and 
fosmid), marker locations, and repeat densities. We have used this and analysis of 
the markers to identify 9 chimeric scaffolds and have reported the results to DOE-
JGI.  
 
Genetic Anchoring of the Whole Genome Sequence (SNP Development):  
 
The Ames group and collaborators have been working to genetically anchor and 
validate and improve this assembly. The assembly currently contains 4634 
mapped markers, which anchor 296 scaffolds, and 97.7% of the sequence in the 
assembly. We have also designed 1536 additional markers for mapping using the 
Illumina GoldenGate assay. These were chosen specifically from remaining 
unanchored large scaffolds in the 7X assembly, and from the ends of geneticall 
mapped scaffolds, to help validate scaffold ends and to more confidently orient the 
scaffolds in chromosome pseudomolecules.  
 
When genetically mapped, the new 1536 SNP markers will bring the total mapped 
scaffolds to 334, containing 98.2% of the 7X assembly sequence. The markers were 
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chosen from SNPs from Solexa-generated sequence from Glycine soja, compared against 
the 7X G. max Williams sequence, and will be mapped, by the Ames group and 
collaborators in the USDA-ARS, Beltsville in a 480-individual mapping population.  
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Name: Warden, Shylo


Worked for more than 160 Hours: No


Contribution to Project: 
Support SSR disvoery and mapping, gel preparation, PCR reaction scoring


Name: Gavins, Novia


Worked for more than 160 Hours: No


Contribution to Project: 
Support: preparation of solutions


Technician, Programmer


Name: Junk, Trulie


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician: overgo probe synthesis, library screening, filter preparation and exposure to imaging plates, FLA scanner operation,
scoring hits and data entry


Name: Olson, Terry


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, SSR discovery and mapping


Name: Hayes, Judy


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, SSR discovery and mapping


Name: Peiffer, Greg


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, overgo mapping
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Name: Griffin, L. Michelle


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, overgo mapping


Name: Collura, Kristi


Worked for more than 160 Hours: Yes


Contribution to Project: 
Manager, DNA Sequencing


Name: Smart, Dan


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, DNA preparation


Name: Campos, David


Worked for more than 160 Hours: Yes


Contribution to Project: 
Technician, DNA preparation


Name: Mueller-Rambo, Terri


Worked for more than 160 Hours: No


Contribution to Project: 
Senior Finisher


Name: Abernathy, Brian


Worked for more than 160 Hours: Yes


Contribution to Project: 
Project and Website Programmer: developed and designed the project website, www.soymap.org, designed programs to gather and
curate project data


Name: Gajendran, Kamal


Worked for more than 160 Hours: No


Contribution to Project: 
Legume Information System Programmer


Name: Westerman, Rick


Worked for more than 160 Hours: No


Contribution to Project: 
Overgo Designer: designed overgo from sequence data sets


Name: Gonzales, Michael


Worked for more than 160 Hours: Yes


Contribution to Project: 
Outreach Personnel: began communications with representatives at over 24 higher education institutions in and around New
Mexico, gave presentations at several of these institutions, attended 2 conferences


Name: Shelton, Jeffrey


Worked for more than 160 Hours: No


Contribution to Project: 
BAC isolation and preparation for shotgun library construction


Name: Lopez, Georgina


Worked for more than 160 Hours: Yes


Contribution to Project: 
DNA preparartion
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Name: Farmer, Andrew


Worked for more than 160 Hours: Yes


Contribution to Project: 
LIS programmer


Other Participant


Name: Walling, Jason


Worked for more than 160 Hours: No


Contribution to Project: 
Cytogenetics Researcher: hybrization of BACs to physical chromosomes of G.maxWilliams 82 cultivar via Fluoresecent In Situ
Hybridization (FISH) 


Name: Ma, Jiaxin


Worked for more than 160 Hours: No


Contribution to Project: 
Research Geneticist: shotgun library construction, annotation of sequenced BACs from Purdue University


Name: Zhang, Guohua


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research specialist: PCR screening of 6-D BAC pools


Name: Wissotski, Marina


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research Specialist: sequencing reaction


Name: Grant, David


Worked for more than 160 Hours: Yes


Contribution to Project: 
Soybase Curator and soybean geneticist


Research Experience for Undergraduates


Name: Espinoza, Jeremy


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Junior                                                      


Home Institution: Other than Research Site


Home Institution if Other: New Mexico Institute of Mining and Technology


Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree                       


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU site award


Name: Garcia, Jamie


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Other                                                       


Home Institution: Other than Research Site


Home Institution if Other: Santa Fe Community College


Home Institution Highest Degree Granted(in fields supported by NSF): Associate's Degree                      
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Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU site award


Name: Koepf, Britney


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Sophomore                                                   


Home Institution: Other than Research Site


Home Institution if Other: Hiram College


Home Institution Highest Degree Granted(in fields supported by NSF): Master's Degree                         


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU supplement


Name: Morrow, Julie


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Years of schooling completed: Other                                                       


Home Institution: Other than Research Site


Home Institution if Other: Albuquerque Technical Vocational Institute Community College


Home Institution Highest Degree Granted(in fields supported by NSF): Associate's Degree                      


Fiscal year(s) REU Participant supported:   2006    


REU Funding: REU supplement


Organizational Partners


Other Collaborators or Contacts
 


Activities and Findings


Research and Education Activities: (See PDF version submitted by PI at the end of the report)


Findings: (See PDF version submitted by PI at the end of the report)


Training and Development:
TRAINING
For summer interns, please see the Outreach section of the report.

Purdue University
Christian Hans is a graduate student is currently relating molecular linkage groups with soybean chromosomes via FISH. He is hybridizing
BACs associated with markers from different linkage groups to mitotic chromosomes. ChristianÆs research includes squashes and spreads
soybean chromosomes, isolation of BAC and soybean genomic DNA, and labeling and hybridizing FISH probes.
There are 13 undergraduates who participate in some capacity on this project: preparation of solutions, preparation of filters for exposure to
phospho-imaging plates, scanning of the phospho-imaging plates, deconvolution of the data, etc. 
	About 50% of the undergraduates and researchers in the lab are women, and about 35% are from diverse groups, such as African-American,
Asian American, and Hispanic.

Iowa State University
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A PhD graduate student, Ms. Bindu Joseph, is currently supported by the Project. Ms. Joseph's research project entails the development of
high-integrity physical maps on LG I  and homoeologous regions on LG O. The overarching objective of her project is to identify the gene(s)
responsible for a major seed protein QTL identified on LG I, and the putative corresponding gene(s) responsible for a minor seed protein QTL
within the corresponding region of LG O. Achieving her objective requires significant wet-lab confirmation of FPC-generated contig
organization.  As a result of this, she is skilled in FPC, and development of physical and genetic maps. She supports the project anchoring of
BACs through SSR discovery and confirmation of contig integrity.
An undergraduate student is learning routine molecular genetic and computer techniques and is being taught how to apply them in a team
laboratory setting. Some of the techniques the student is learning are SSR discovery and mapping, gel preparation, and PCR reaction scoring.
Half of the personnel working on the project are women.

Arizona Genomics Institute, University of Arizona
Over 50% of the researchers contributing to this project are women, and about 44% are from diverse groups, such as Asian and Hispanic
groups.


Outreach Activities:
OUTREACH ACTIVITIES
Background/Rationale: The large presence of Native Americans and Hispanics in New Mexico and its surrounding areas present a unique
opportunity to increase minority participation as well as benefit from and serve a diverse student population. New Mexico undergraduate and
technical schools serve large populations of American Indian, Hispanic, and students from rural communities.
 
Objectives:  Our focus is to recruit motivated undergraduate and graduate students from New Mexico, Arizona and Texas to build relationships
with local minority programs and institutions.   We will provide opportunities that promote bioinformatics and genomics research activities
seldom encountered in the state and region.  We will accomplish these objectives through outreach discussions, participation in regional
conferences, and through interactions with local and regional universities, colleges and interest groups.  Our current activities are outlined
below:

SoyMap Outreach Discussion 2006 û  Santa Fe, NM
ò          An outreach discussion roundtable was established by Michael Gonales to gain insight into how we can improve SoyMap outreach
activities in our community. Local participants included: Pamela Silas, AISES executive director; Shirley LaCourse, AISES Program Officer;
Marie Brown, Program Manager of Dream Catcher Program at Sandia National Labs; Lawrence Brown, Government Relations Manager at
Sandia National Labs; Dr. Anthony Sena, Director NSF-REU Biosciences and Biotechnology Northern New Mexico College; Dr. Kamala
Sharma, Professor at UNM Gallup-also a member of the INBRE, BRIDGES, NMAMP and SACNAS programs; Doc Kahlsa, Professor at
Northern New Mexico College; Linda Sandoval,  Program Coordinator for the Center for Bioinformatics and Computational Biology New
Mexico State University, Dr. Tahani Hussein, Computer and Mathematical Sciences Department at New Mexico Highlands University; Dr. Jim
Huntley, Senior Researcher at the National Center for Genome Resources- NMINBRE researcher.

SoyMap Outreach Discussion 2007 û  Santa Fe, NM
ò          An outreach discussion roundtable was established by Michael Gonzales in the first year of this project to gain insight into how we can
improve SoyMap outreach activities in our community. This yearÆs meeting was a continuation on this theme.  Local participants included: 
Connie Flores, AISES program officer, Doc Khalsa, Northern New Mexico College, Meridith Garcia, Northern New Mexico College, Richard
Harlan, Northern New Mexico College, Matthew Perez, College of Santa Fe, Jeremy Espinoza, New Mexico Insititute of Mining and
Technology, 2006 summer intern at NCGR, Dr. Jim Huntley, Senior Researcher at the National Center for Genome Resources- NMINBRE
researcher.

Purdue University Outreach Activities
* Represented in NSF video focused on recruitment of students into plant biology research

* Actively involved in the internship recruitment for the SoyMap project
   - Recruited interns, manned booth at the Annual Society for the Advancement of Chicanos and Native Americans in Science (SACNAS) and
the American Indian Science and Engineering Society (AISES)
   - Posted interns advertisements at a number of sites including AISES, SACNAS, SoyMap website.
   - Participated in discussions about outreach at the Annual Plant Genome Research Program Awardee Meeting in September 2006.

* Hosted an intern at NCGR during summer 2006 
Jamie Garcia, a student from Santa Fe Community College, spent 8 weeks in the Jackson lab gaining experience in molecular biology
techniques doing research in soybean genetics and genomics. She also participated in the Purdue Summer Research Opportunity Program
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(SROP), which includes GRE preparation classes, attendance at the Big Ten Research Conference, poster and oral presentations, and social
activities.

Conference Participation
ò          The AISES National Conference (2005 and 2006)
û         Provided opportunity to meet and build relationships with Native American science students and mentors
û         Facilitates access to AISES student database
ò          The SACNAS National Conference (2006)
û         Provided opportunity to meet and build relationships with a diverse group of students and mentors involved in science from
underrepresented minority groups, primarily Hispanic Americans and Native Americans
û         Participated in discussions regarding recruitment of underrepresented minority students 
û         Gained practical advice from meeting community members and leaders as to how to recruit at a national level
û         Gained access to SACNAS student database

Iowa State University Outreach Activities
* Hosted an intern at NCGR during summer 2006
Julie Morrow from TVI Community College learned routine molecular genetic and computer techniques and will be taught how to apply them
in a team laboratory setting. She worked closely with graduate students, technicians, senior-level PhDs in the lab, and often with other Iowa
State undergraduates.

University of Missouri Outreach Activities
* Hosted an intern at NCGR during summer 2006 
A Hiram College student, Britney Koepf, joined the Stacey lab for 8 weeks in the summer. She was given the opportunity to learn modern
molecular methods for gene analysis and characterization. Britney was also involved in Life Sciences Undergraduate Research Opportunities
Program (LSUROP), which includes workshops on research and career preparation, funds for one hour of academic credit, and social activities.


National Center for Genome Resources Outreach Activities
* Represented in NSF video focused on recruitment of students into plant biology research

* Actively involved in the internship recruitment for the SoyMap project
   - Made visits to local colleges and universities (Northern New Mexico College, Central New Mexico College, University of New Mexico,
Luna Community College)
   - Recruited interns, manned booth at the Annual Society for the Advancement of Chicanos and Native Americans in Science (SACNAS)
   - Posted interns advertisements at a number of sites including American Indian Science and Engineering Society, SACNAS, Legume
Information Forum websites.
   - Participated in discussions about outreach at the Annual Plant Genome Research Program Awardee Meeting in September 2006.

* Hosted an intern at NCGR during summer 2006 
Jeremy Espinoza is a student at New Mexico Institute of Mining and Technology. His work in poster form was presented at SACNAS (Society
for Advancement of Chicanos and Native Americans in Science) conference. At this conference, Jeremy made contacts with several graduate
schools across the nation. He also presented his research to NCGR scientists and engineers. Presentation was posted on LIS website at:
http://www.comparative-legumes.org/lis_outreach.html

* Built many new relationships with New Mexico, Wyoming, Colorado and Arizona outreach communities. (for example: Dine College in
Tsaile, Arizona,  Santa Fe Indian School, San Felipe Pueblo and Picuris Pueblo, NM Communities)

Conference Participation
ò          The American Indians in Science and Engineering Society (AISES) National Conference
û         Provided opportunity to meet and build relationships with Native American science students and mentors
û         Facilitates access to AISES student database
ò          The Richard Tapia Celebration of Diversity in Computing Conference
û         Provided opportunity to meet and build relationships with a diverse group of students and mentors involved in computer science and
engineering from the Native American, Chicano, and African American Communities.
û         Participated in discussions regarding Recruitment and Retention of Underrepresented Minority Students in Computer Science
û         Gained practical advice from meeting community members and leaders as to how to recruit at a national level
ò          GD May, M. Gonzales and K. Gajendran participated as Science Fair Judges for the National American Indian Science and Engineering
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Fair
û         Provided opportunity to meet Native American high school students interested in science. This proved to be a great occasion to promote
research, genomics, and bioinformatics to students entering college. Participation also enhances the SoyMap projectÆs ability build relationships
with the American Indian Science and Engineering Society
 
Organizations, Universities and Colleges Contacted:
ò          Disseminated Advertisement to Representatives and Students
û         E-mail advertisement to all AISES and INBRE college chapters
û         Posted advertisement at AISES
û         Emailed advertisement to SACNAS representatives and students
û         Contacted representatives from the Committee on the Status of Women in 
Computing Research- emails sent via their community  list server
 
ò          Posted advertisement on a number of websites including:
û         NCGR
û         Legume Information System
û         NMINBRE
û         SoyMap website
 
ò          Contacted minority groups, universities and colleges via email and telephone, and site visits
 
Groups and Associations with which we have been in Contact:
	ò 	The American Indian Science & Engineering Society (AISES)
	ò 	Southwestern Indian Polytechnic Institute (SIPI)
	ò 	Society for the Advancement of Chicanos and Native Americans in Science (SACNAS)
	ò 	Society of Mexican American Engineers and Scientists (MAES)
	ò 	Sandia National Labs- American Indian Outreach Committee
	ò 	Committee on the Status of Women in Computing Research
	ò 	Integrative Graduate Education and Research Traineeship (IGERT)
Program
	ò 	The National Society of  Black Engineers
	ò 	New Mexico  Alliance for Minority Participation Program (NMAMP)
	ò 	Minority Access to Research Careers Program (MARC)
	ò 	Minority Biomedical Research Support Program (MBRS)
	ò 	IDeA Network of Biomedical Research Excellence
	ò 	Sandia National Laboratories
	ò 	Center for Bioinformatics and Computational Biology NMSU
	ò 	Bridges to the Future Program
	ò 	Native American Studies at NMSU and UNM
	ò 	Chicano Studies at NMSU and UNM
	ò 	African American Studies at NMSU and UNM
	ò 	Job Placement Office at New Mexico State  University
	ò 	Job Placement Office at New Mexico Highlands
	ò 	Co-operative learning office at the  University of New Mexico
	ò 	Biology, Chemistry, Health Occupations, Computer Science, Engineering,IT and Bioinformatics departments at the universities and colleges
listed below:
 
Universities and Colleges:
Local Universities:
	ò 	University of New Mexico- Albuquerque, Gallup, Los Alamos, Valencia
 and Taos campuses
	ò 	New Mexico State University, Las Cruces, NM
	ò 	New Mexico Highlands University, Las Vegas, NM
	ò 	New Mexico Tech, Socorro, NM
	ò 	Eastern New Mexico University, Portales, NM 
	ò 	Western New Mexico University, Silver City, NM
	ò 	Northern New Mexico College, Espanola, NM
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	ò 	Dine  College,  Shiprock,  NM
	ò 	Luna Vocational Technical Institute, Las Vegas, NM
	ò 	Santa Fe  Community College,  Santa Fe,  NM
	ò 	Mesa  Technical  College,  Tucumcari,  NM
	ò 	Clovis  Community College,  Clovis,  NM
	ò 	New Mexico  Junior College,  Hobbs,  NM
	ò 	San Juan  College,  Farmington,  NM
	ò 	College of  Santa Fe,  Santa Fe,  NM
	ò 	University of  Texas El Paso, El Paso,  TX
	ò 	Mesa Community College, Mesa,  AZ
	ò 	Dine  College,  Tsaile,  AZ
	ò 	New Mexico Military Institute, Roswell,  NM
	ò 	Arizona  State  University,   Phoenix,  AZ
 	ò 	University of North Carolina-Pembroke, Pembroke, NC (non-local)

Universities Contacted via AISES and INBRE projects:
	ò 	University of Alaska, Anchorage, AK
	ò 	University of Alaska, Fairbanks, AK 
	ò 	Chief Dull  Knife College,  MT
	ò 	Montana  State  University,Bozeman,  MT
	ò 	Rocky  Mountain College,  MT
	ò 	Salish Kootenai College,  MT
	ò 	University of Montana,  MT
	ò 	Oregon State University,  OR
	ò 	Northwest Indian College û Bellingham, WA
	ò 	University of Washington,  WA
	ò 	University of Wyoming,  WY
	ò 	California  Polytechnic  State  University -  San Luis Obispo,  CA
	ò 	Humboldt State University,  CA
	ò 	San Jose State University,  CA
	ò 	Stanford University,  CA
	ò 	University of California-Berkeley,  CA
	ò 	University of  California-Los Angeles,  CA
	ò 	Arizona State University,  AZ
	ò 	Northern  Arizona University,  AZ
	ò 	University of Arizona,  AZ
	ò 	Colorado College,  CO
	ò 	Fort Lewis College, CO
	ò 	University of Colorado û Boulder, CO
	ò 	University of Colorado-Colorado Springs, CO
 
Site Visits:
	ò 	University of New Mexico- Albuquerque,  NM
	ò 	University of  New Mexico ûGallup,  NM
	ò 	University of  New Mexico -  Los Alamos,  NM
	ò 	New Mexico  Highlands  University,  Las Vegas,  NM
	ò 	Northern New Mexico  College,  Espanola,  NM
	ò 	Dine  College,  Shiprock,  NM
	ò 	Luna Vocational Technical Institute, Las Vegas, NM
	ò 	Santa Fe  Community College,  Santa Fe,  NM
	ò 	The American Indian Science & Engineering Society (AISES),
 Albuquerque,  NM
	ò 	Southwestern Indian Polytechnic Institute (SIPI),  Albuquerque,  NM
	ò 	Albuquerque Technical Vocational Institute (TVI), Albuquerque,  NM
	ò 	San Juan  College,  Farmington,  NM
	ò 	College of  Santa Fe,  Santa Fe,  NM
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Personal Contacts:
Met with Mr. Sweeney Windchief, coordinator of graduate fellowship and special programs at the American Indian Graduate Center. Mr.
Windchief helped to distribute the advertisement (both the physical advertisement and an email to Indian Country USA)

Mathew Perez û Former AISES member 
Matt has helped get the word out at Harvard and Dartmouth Native American Programs
Matt is a member of several community list servers and has been helpful in posting our advertisements.


Journal Publications


Walling, J.G., R.C. Shoemaker, N.D. Young, J. Mudge and S.A. Jackson, "Chromosome
    level homeology in paleopolyploid soybean (Glycine max) revealed through
    integration of genetic and chromosome maps.", Genetics, p. 1893, vol. 172, (2006). Published, 


Jackson, S.A., D. Rokhsar, G. Stacey, R. Shoemaker, J. Schmutz and J. Grimwood., "Toward a reference sequence of the soybean genome: a
multi-agency effort.", The Plant Genome; Crop Science
, p. 55, vol. 46, (2006). Published, 


Xue-Cheng Zhang, Xiaolei Wu, Seth Findley, Jinrong Wan, Marc Libault, Henry T. Nguyen, Steven B. Cannon, and Gary Stacey 
, "Molecular evolution of LysM domain kinases in plants.
", Plant Physiology, p. , vol. , (    ). Submitted, 


Books or Other One-time Publications


Web/Internet Site


Other Specific Products


Contributions


Contributions within Discipline: 
This project has contributed to the development of a physical framework for the soybean genome that can be used for gene cloning and
assembling genome sequences.


Contributions to Other Disciplines: 
 
Contributions to Human Resource Development: 
In doing research for this project, several PhD students and postdoctoral associates are being trained in genetics and genomics, specifically in
soybean.  Moreover, many women and representatives of under-represented groups have participated in research and outreach efforts and not
only have contributed to the project, but have learned new tools and techniques in genome research.


Contributions to Resources for Research and Education: 
Please refer to the human resource development section of 'Contributions'.
Contributions Beyond Science and Engineering: 
 


Special Requirements


Special reporting requirements: None


Change in Objectives or Scope: None


Animal, Human Subjects, Biohazards: None
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Categories for which nothing is reported: 
Organizational Partners


Any Book


Any Web/Internet Site


Any Product


Contributions: To Any Other Disciplines


Contributions: To Any Beyond Science and Engineering







RESEARCH FINDINGS 
 
Purdue University Research Findings 
Overgo Mapping: 
GMW1 and GMW2 screening 
Current:    


Attempted – 2,112 
 Matched –1,161 
 
 We have exceeded the objective for Years 1 and 2 of 1500 overgos screened. The 
average number of BACs identified per overgo was 4.21 for the GMW1 library and 6.43 
for the GMW2 library. 9,957 BACs have been identified by the overgos screened. 
 
GMW3 screening 
Current:    


Attempted – 432 
 Matched – 217 
Expected by 1 July 2007 
 Attempted – 1,584 
 Matched – 782 
 
 GMW3 (or GM_Wbc) is the BAC EcoRI library constructed at AGI by Rod 
Wing’s group. We have no objectives for screening this library. However, we have have 
screened this library with overgos designed from SNP sequences obtained from Perry 
Cregan’s lab (USDA-ARS) and associated 1,237 BACs with 217 overgos. 
 
Mapping of BACs via FISH 
64 BACs have been mapped to chromosomes from G. max cv. Williams 82. This exceeds 
the objectives for years 1 and 2. Each of the 20 molecular linkage groups (MLG) is 
represented by at least 1 BAC. Most of these BACs were selected based on hybridization 
with a probe designed from a genetic marker. 
 
Table 1: BACs hybridized in Year 1 


BAC Library 
Probe/ 


Marker MLG 
Position 


(CM) 
107E11 Gm_Umb001 Satt232 L 7.4 
092H15 Gm_Umb001 Satt446 L 9.2 
089A23 Gm_Isb001/GmW1 Satt238 L 19.7 
094L03 Gm_Isb001/GmW1 pA106 L 30 
009M21 Gm_Isb001/GmW1 Sat_134 L 32.4 
034N02 Gm_Isb001/GmW1 Satt278 L 33.2 
076J21 Gm_Isb001/GmW1 Satt398 L 34.6 
012P14 Gm_Umb001 pA023 L 41.1 
123E07 Gm_Umb001 pB046 L 52.7 
181E15 Gm_Umb001 pB162 L 55.6 
007K23 Gm_Isb001/GmW1 Satt076 L 72.3 
161O23 Gm_Umb001 pA489 L 106.5 
038L01 Gm_Isb001/GmW1 Satt229 L 107.7 







144N07 Gm_Umb001 pA802 L 138.3 
075G06 Gm_UMb001 pA104 A1 90.1 
020O13 Gm_UMb001 pA487 A1 0 
098J09 Gm_UMb001 pA567 B1 113.8 
053M16 Gm_UMb001 pA129 B1 32.3 
109G05 Gm_UMb001 pA398 D1a+Q 0 
012F02 Gm_UMb001 pC063 D1a+Q 132.2 
024M10 Gm_UMb001 pA095 D2 2.9 
013B07 Gm_UMb001 pK286 D2 103.8 
129D20 Gm_UMb001 pA401 F 44.5 
008H22 Gm_UMb001 Bng190 F 139.8 
031P04 Gm_UMb001 pB039 I 98.4 
032A17 Gm_UMb001 pA515 I 43.9 
031E10 Gm_UMb001 pB046 J 28.2 
036H18 Gm_UMb001 pA199 J 24.8 


 
Table 2: BACS hybridized in Year 2 


BAC Library 
Probe/ 


Marker MLG 
Position 


(CM) 
144 J 24 GMWb (GMW2) ------ A1 ------ 
25 H 10 Gm_UMb pK636 A2 0 
78 C 06 Gm_UMb pA505 A2 140.7 
110 L 11 Gm_UMb pA567 B1 113.8 
169 E 03 Gm_UMb pA043 B2 7.3 
44 K 24 Gm_UMb pA516 B2 116.8 
6 P 23 Gm_UMb pA538 C1 159.1 


125 A 21 Gm_UMb pA748 C2 160 
93 P 14 Gm_UMb Bng093 C2 21.9 
35 K 10 Gm_UMb pA586 D1b+W 21.4 
130 B 21 GMWb (GMW2) ------ D2 ------ 
11 N 09 Gm_UMb pA636 E 33.7 
24 D 13 Gm_UMb pA711 E 137.4 
70 N 21 Gm_UMb pK069 G 17 
9 D 12 Gm_UMb pA681 G 166 
1 M 22 Gm_UMb pA162 H 147.3 
28 P 04 Gm_UMb Bng067 H 2 
31 E 10 Gm_UMb pB046 J 28.2 
71 C 21 Gm_UMb pK401 K 0 
79 O 17 Gm_UMb pA106 L 30 
91 P 21 Gm_UMb pK385 L 124.5 


110 A 09 Gm_UMb pA504 M 164.9 
60 P 22 Gm_UMb pA946 M 56.2 


101 P 12 GMWb (GMW2) ------ N ------ 
79 C 11 Gm_UMb pK494 N 128.2 


111 M 23 Gm_UMb pA664 O 175.7 
41 M 20 Gm_UMb Bng123 O 72.3 
13 B 07 Gm_UMb ------ ------ ------ 
13 J 17 Gm_UMb ------ ------ ------ 
20 O 13 Gm_UMb ------ ------ ------ 
59 D 04 Gm_UMb ------ ------ ------ 
7 G 12 Gm_UMb ------ ------ ------ 
9 N 18 Gm_UMb ------ ------ ------ 
90 B 11 Gm_UMb ------ ------ ------ 







 
BAC shotgun sequencing to Phase III 
Table 3: Purdue Progress of  BAC sequencing 


# Clone name Status Finished bp 
1 GM_WBa0003F08 Finished to phase II repetitive 
2 GM_WBa0026B13 Finished to phase II 170047 
3 GM_WBa0028D16 Finished to phase II repetitive 
4 GM_WBa0034K23 Finished to phase II repetitive 
5 GM_WBa0036O20 Finished to phase II 120228 
6 GM_WBb0017J04 Finished to phase II 145042 
7 GM_WBb0021D11 Finished to phase II 177778 
8 GM_WBb0027L15 Finished to phase II 160489 
9 GM_WBb0040F22 Finished to phase II 137090 


10 GM_WBb0040I14 Finished to phase II 144619 
11 GM_Wba0055F22 In library construction N/A 
12 GM_Wba0012N06 In library construction N/A 
13 GM_Wba0079K04 In library construction N/A 
14 GM_WBb0010P04 In library construction N/A 
15 GM_WBb0048G22 In library construction N/A 
16 GM_WBc0024M09 In library construction N/A 
17 GM_WBc0056E20 In library construction N/A 
18 GM_WBc0083D14 In library construction N/A 
19 GM_WBc0095G11 In library construction N/A 
20 GM_WBc0188P05 In library construction N/A 
21 GM_Wba0059N18 Clone selected and isolated N/A 
22 GM_Wba0084M04 Clone selected and isolated N/A 
23 GM_Wba0045J02 Clone selected and isolated N/A 
24 GM_Wba0080P16 Clone selected and isolated N/A 
25 GM_WBc0102F23 Clone selected and isolated N/A 
26 GM_WBc0073N11 Clone selected and isolated N/A 
27 GM_WBc0201G06 Clone selected and isolated N/A 
28 GM_WBc0040L22 Clone selected and isolated N/A 
29 GM_WBc0242B14 Clone selected and isolated N/A 


 
Summary of Analysis of 10 Random BACs 
Gene density in the random BACs varies dramatically, from 5kb per gene (gene island) 
up to >160kb per gene (gene desert). Generally, random BACs contain fewer genes and 
more retrotransposons than selected BACs (data not shown). The 10 random BACs 
contain more retrotransposon DNA (51%) than the 11-Mb WGS sequences (33%, 
previously analyzed). Correspondingly, the gene density predicted by the 10 random 
BACs, 27 kb/gene, may be an overestimate, so the soybean genome contains at least 
42,000 and possibly up to 60,000 genes. 







 
Table 3: 


Sequence Composition of 10 Clones Randomly Chosen from the Soybean BAC Libraries 
BAC BAC Genes 
clone insert DNA Percentage # Density Percentage b # Percentage b predicted by
ID size (bp) (bp) (%) (kb/gene) (%) (%) FGENESH (#)
GM_WBa0026B13 170046 102817 60.5 2 85 6.3 24 75.0 32


GM_WBb0021D11 177777 45817 25.8 9 20 18.8 26 54.2 48


GM_WBb0040I14 144618 4385 3.0 9 16 20.9 16 37.2 43


GM_WBb0027L15 160488 102088 63.6 4 40 12.5 22 68.8 32


GM_WBa0036O20 120227 105786 88.0 1 120 3.2 29 93.5 31


GM_WBb0013C12 70090 6055 8.6 13 5 61.9 2 9.5 21


GM_WBb0017J04 145041 78617 54.2 4 36 8.2 34 69.4 49


GM_WBb0040F22 137089 20467 14.9 9 15 21.4 21 50.0 42


GM_WBb0055F14 159756 145565 91.1 0 >160 0.0 32 100.0 32


GM_WBb0080A05 123746 106867 86.4 1 124 4.2 20 83.3 24


Overall 1408878 718464 51.0 52 27 14.7 226 63.8 354
aPredicted gene matching non-transposable element-related protein encoding genes of rice and/or Arabidopsis 
bOut of the total numbers of genes predicted by FGENESH 
cTransposable elements, including retrotransposons and DNA transposons


Retrotransposon Protein encoding genes a Genes matching TE c


 
Future Plans  
The overgo screening of the GMW1 and GMW2 libraries will be more directed towards 
anchoring floating contigs and extending those that are anchored. Since GMW3 appears 
to be a more complete library, the Jackson lab will continue to screen it with overgos 
previously screened in the other libraries. This will include over 2,500 overgos. At the 
same time GMW3 filters will be included in any of the more directed hybridizations. 
Other than these changes, the FISH work and sequencing will continue as stated in the 
proposal. 
 
 
Arizona Genomics Institute at University of Arizona Research Findings 
BAC End Sequencing Progress 
1) GmWBa (GMW1) BES 
 Number of reads attempted: 80,640 
 Number of reads in GenBank: 59,286 
 % Successful reads after trim: 73.52 
 Number of paired BES clones: 27,793 
 Average High Quality read length: 692 bp 
 Total Mb of sequence: 41.0 
 Genome CoverageP


*
P: 3.7% 


 
2) GmWBb (GMW2) BES 
 Number of reads attempted: 135,166 
 Number of reads in GenBank: 121,681 
 % Successful reads after trim: 90.02 
 Number of paired BES clones: 57,551 







 Average High Quality read length: 681 bp 
 Total Mb of sequence: 82.9 
 Genome CoverageP


*
P: 7.5% 


 
3) GmWBc (GMW3) BES 
 Number of reads attempted: 92,157 
 Number of reads in GenBank: 83,112 
 % Successful reads after trim: 90.19 
 Number of paired BES clones: 38,599 
 Average High Quality read length: 614 bp 
 Total Mb of sequence: 51.0 
 Genome CoverageP


*
P: 4.6% 


*Based on an estimate genome size of 1100 Mb. 
 
BAC shotgun sequencing to Phase III 
Table 4:  AGI Progress of BAC sequencing 


# Clone name 
AGI 
name Status Finished bp 


1 GM_WBb0078A23 hfy Finished 173970 
2 GM_WBb0098N11 hfz Finished 132396 
3 GM_WBb0013C12 hgh Finished 70092 
4 GM_WBb0080A05 hgj Finished 123746 
5 GM_WBa0099F12 hgl Finished to phase II 200234 
6 GM_WBb0055F14 hgi Finished 159756 
7 GM_WBa0059F21 hgk Finished 107209 
8 GM_WBa0037B04 hic Finished 197199 
9 GM_WBa0035O20 hid Finished 112108 


10 GM_WBa0012N20 hie Finished 126233 
11 PV_GBa0061E16 hll Finished 110740 
12 PV_GBa0068G04 hlm Finishing 2 contigs 
13 GM_WBb0151N17 hmo Submitted to production N/A 
14 GM_WBb0062K12 hmp Submitted to production N/A 
15 GM_WBb0034J04 hmq Submitted to production N/A 
16 GM_WBc0196C18 hmr Submitted to production N/A 
17 GM_WBc0229I07 hms Submitted to production N/A 
18 GM_WBc0136H24 hmt Submitted to production N/A 
19 GM_WBc0102O13 hmu Submitted to production N/A 
20 GM_WBb0112D21 hmv Submitted to production N/A 
21 GM_WBb0004A08 hmw Submitted to production N/A 
22 GM_WBa0036O20 Jianxin Sorted 1 contig 
23 GM_WBa0017J04 Jianxin Sorted Phase II 
24 GM_WBa0040F22 Jianxin Sorted Phase II 
25 GM_WBa0050K19  Clone selected and isolated N/A 
26 GM_WBa0043O02  Clone selected and isolated N/A 
27 GM_WBa0027K19  Clone selected and isolated N/A 
28 GM_WBc0006N23  Clone selected and isolated N/A 
29 GM_WBc0015E16  Clone selected and isolated N/A 
30 GM_WBc0078K05  Clone selected and isolated N/A 







 
Library Construction 
Fosmid library  
Details of the fosmid library that was prepared are listed below: 
Library Name:    GM_WOa 
Cultivar Name:    Williams 82 
DNA Source:     Young Leaves 
Clone Number:    147,456 
Number of 384-Well Plates:   384 
Number of High-Density Filters:  8 
Average Insert Size:    35 kb 
Genome Coverage:    4.6 
 
Soybean EcoRI BAC library  
Details of the BAC library that was prepared are listed below: 
Library Name:    GM_WBc 
Cultivar Name:    Williams 82 
DNA Source:     Young Leaves 
Clone Number:    92,160 
Number of 384-Well Plates:   240 
Number of High-Density Filters:  5 
Average Insert Size:    145 kb 
Genome Coverage:    12 
 
 
Iowa State University Research Findings 
Overgo Mapping: 
Current:    


Attempted - 1735 
 Matched - 814 
Expected by 1 July 2007 
 Attempted - 2035 
 Matched – 950 
 


We have already exceeded the two-year objective of matching 750 BACs. At the 
end of year 2 we anticipate exceeding our goal by more than 25%. The number of BACs 
scored per hit has remained constant and ranged from 1 - ~60. On average, each overgo 
identified approximately 14 BACs, consistent with the genome coverage of the two 
libraries. 
 
SSR Discovery and BAC Anchoring 
Current: 
 Identified and Tested for Length Polymorphisms – 3,050 SSRs 
 Number polymorphic is at least one of four populations - 472  
   
Genetically Mapped BACs:  







A81-356022 X PI 468.916 – 216 
  BSR 101 X PI 437.654 – 45 
    
Expected by 1 June 2007: 
  A81-356022 X PI 468.916 – 250 
  BSR 101 X PI 437.654 – 90 
 
 
SSRs that were a minimum of 18 bp {6 repeat units long (trinucleotides) or 9 repeat units 
long (dinucleotides)} were identified from BES using the program `Sputnik’. We initially 
planned to screen 1,000 SSRs to meet our objectives.  Since the success for finding a 
polymorphic and mappable SSR was much lower than anticipated, we screened more 
than 3,000.  
 
The SSRs were screened for length polymorphisms against four parental pairs (A81-
356022 X PI 468.916; BSR 101 X PI 437.654; Minsoy X Noir I; and Williams 82 X 
Forrest). The BSR 101 RIL population was developed at Ames to increase the number of 
SSRs that could be mapped. This required DNA extractions for the population RILs and 
establishment of an SSR infrastructure using previously mapped SSRs. The infrastructure 
now contains 108 previously mapped SSRs. That number will increase to more than 200 
by 1 June. The larger number will permit a more precise anchoring of BACs onto the 
genetic map. 
 
The Minsoy/Noir I parents and the Williams 82/Forrest parents were included in screens 
so that SSRs not polymorphic in the Ames populations could potentially be mapped in 
another population.  However, only a small percentage of the SSRs not polymorphic in 
the Ames populations were polymorphic in either the Minsoy X Noir I population or the 
Williams 82 X Forrest population (e.g. 32/1000). 
 
Future Plans  
 
The overgo phase of the project will come to an end for the Ames group at the end of 
year 2.  During year 3 we will emphasize the anchoring of soybean sequence contigs 
from the whole genome sequence generated by DOE-JGI. This will be done through the 
identification and testing of SSRs found in the sequence and through collaborations with 
members of this SoyMap team and SNP development and mapping with Perry Cregan, 
USDA-ARS.  It is anticipated that high quality SSRs will be discovered at a much more 
efficient rate using whole genome sequence, rather than BES. 


 
 
University of Missouri, Columbia Research Findings 
BAC Pool Mapping: 


Primer sets screened – 1400 (563 SSRs and 837 STSs)  
 PCR products – 1600 
 Markers Anchored – 1350 (85% success rate) 
 







 The objective for Years 1 and 2 of 1500 SSRs/STSs mapped has almost been 
completed. On average, each positive marker has been associated with 5.9 BACs, and 
7965 BACs have been identified by the primer sets screened. Of the 777 markers 
assigned to BACs, 530 are SSRs and 247 are STSs. 11% of markers have only one hit, 
2/3 of markers associated with BAC clones located in more than one contigs.  
 
 
Future Plans 
During the last months of Year 2, the Missouri group plans to screen approximately 200 
new primer sets designed from floating contigs and approximately 200 new primers sets 
designed from SSRs identified from Forrest BES. 
 
 
National Center for Genome Resources Research Findings 
1) BES read were imported into LIS and can be retrieved through, clone name, keyword 
and BLAST queries. 
 
2) BES reads were mapped to the Medicago truncatula pseudomolecules v.1.0.  
Approximately 11% of the BES reads mapped to the M. truncatula genome and can be 
viewed through the CMTV comparative genome viewer. 
 
3) BLAST analyses of BES were performed against soybean repeat and TIGR soybean 
transcript assembly databases. 
 
4) Links to the soybean physical map residing at Iowa State University were established.  
This allows soybean researches to link out from soybean DNA sequence to the physical 
map. 
 
5) WGS sequences from the DOE-JGI project are being imported into LIS.  
 
6) Developed a framework for LIS to store and visualize BAC end sequences.  The data 
generated by the SoyMap project will be released to public via LIS in Q2, 2007 
 
 
Advisory Committee Meeting 


The advisory committee meeting consisted of presentations by the partner 
institutions describing all aspects of the project. The committee was given the 
opportunity to question presenters (or other participating personnel) concerning any facet 
of the research and progress. This meeting was also used to address DOE-JGI’s plan to 
shotgun sequence the soybean genome. Jeremy Schmutz at Stanford University joined the 
meeting via phone call as a representative of the DOE-JGI initiative. 
 


2007 SOYMAP Advisory Committee Meeting 
 







National Center for Genome Resources 
Santa Fe, NM 
March 2, 2007 


 
Advisory Committee Members 


Perry Cregan, Ken Dewar, Anne Dorrance,  
Dick McCombie, and John McPherson (Chair)  


 
*The Advisory Committee report and project response forthcoming. 
 
AGCoL at University of Arizona Research Findings 
Please see the activities section of the report. 
 







RESEARCH ACTIVITIES 
 
The project has two specific aims: 1) delimit homeologous regions of the soybean 
genome by developing an integrated genetic-physical map, and 2) examine structural 
evolution of duplicated regions by sequencing EST rich and EST-poor BACs and 
homeologous BACs. To attempt to accomplish the first aim, it was proposed to place 
markers on the physical map via overgo screening and BAC pool screening, map BACs 
using FISH, build a Sequence Tag Connector (STC) database with the BAC end 
sequences of the 225,000 clones in the two G. max Williams 82 cultivar BAC libraries, 
and anchor contigs and BACs to the genetic map using SSRs. The second aim was to be 
accomplished by sequencing BACs to phase II and phase III. 
 
 
Project Objectives through Year 2 
-225,000 BES of GMW1 (GmWBa) and GMW2 (GmWBb) 
-2,250 overgos screened against the two BAC libraries 
-1,500 SSRs/STSs screened via BAC pooling 
-700 SSRs anchored to contigs 
-50 BACs mapped to chromosomes via FISH 
-59 BACs sequenced: 29 to phase II and 30 to phase III 
-Fosmid library construction 
-BAC library (GMW3 or GmWBc) construction (per AC recommendation) 
-BES of 5X BAC library (GMW3) 
 
 
Purdue University Research Activities 
1) A project manager was hired to organize the efforts of the five research institutions. 
Undergraduate students were also hired to provide support. 
 
2) Thousands (>6000) of overgos were designed from EST and SNP sequences using a  
program called SOOP and Purdue University software. The EST sequences were 
provided by the Shoemaker lab at Iowa State University. These sequences were parsed 
from a BLAST alignment and aligned to a CAP3 contig representing a gene family 
consensus sequence.  Some sequences were removed from this alignment leaving 
unsupported gaps, except in cases in which the sequences varied by INDELS. The SNP 
sequences were provided by Perry Cregan’s laboratory at the Beltsville Agricultural 
Research Center. 
 
3) 2,112 overgos have been radioactively labeled and hybridized to high-density filters 
containing BACs in the GMW1 and GMW2 libraries. Positive clones were identified 
using ComboscreenJ. 432 overgos have been hybridized to filters in the GMW3 library. 
 
4) BACs associated with markers (AFLPs or RFLPs) from various Molecular Linkage 
Groups were identified and selected for analysis. BACs were mapped to chromosomes 
via Fluorescent In Situ Hybridization (FISH), using fluorescently labeled antibodies.  
 







5) DNA was isolated from randomly selected 10 BACs and made into shotgun libraries. 
These are in the process of being sequenced to phase II. As the sequences are finished, 
they will be submitted to GenBank and the Legume Information System, and posted on 
the project website. 10 BACs have been sequenced to phase II or as far as possible. 9 
more BACs have been selected and isolated. 
 
6) A project website was designed and developed. Programs have been designed to 
collect data from partner institutions’ ftp servers and compile data at a central location. 
 
7) Sequences of 10 randomly selected BACs were analyzed. 
 
8) The AISES National Conference, which was held in Charlotte, NC November 3-5, 
2005, was attended in Year 1. In Year 2, the SACNAS National Conference, which was 
held in Tampa, FL October 26-28, 2006 and the AISES National Conference, which was 
held in Detroit, MI November 2-4, 2006, were attended. 
 
Iowa State University Research Activities 
1) 1,735 overgos have been radioactively labeled and hybridized to high-density filters 
containing BACs in the GMW1 and GMW2 libraries.  
 
2) 3,050 SSRs have been identified and tested for length polymorphisms. Of these, 261 
have been mapped to the soybean genetic map. 
 
Physical Map Visualization Tools and General Data-Flow (Ames and Purdue) 
3) A website was set up for sharing the data generated at the Ames location with the 
Purdue group. In addition, the Ames group collected all RFLP, SSR, overgo data from a 
previous ISU/UMN project, Purdue University, and the University of Missouri, 
Columbia, and associated the data with BACs. In addition, SNP genetic mapping data 
from USDA-Beltsville (Dr. Perry Cregan) was associated with BACs, via overgos.  This 
placed the BACs onto the genetic map, essentially `anchoring' them. 
 
4) The visualization and retrieval of data is key to a successful physical map. To facilitate 
this, the Ames group merged genetic marker, BAC-marker association and physical map 
data sets and then formatted the merged data for CMap. An enhanced CMap-based 
schema was developed to accommodate different levels of map detail (genetic map, 
chromosome physical map, contig map). To enhance data retrieval and searching for 
other project members, a MySQL database was developed to hold the physical map data. 
A Web-based Tutorial is in the process of being developed for soybean physical and 
genetic map displays in CMap. 
 
University of Missouri, Columbia Research Activities 
1) Pools of BAC clones consisting of 49,152 clones from the GMW2 library have been 
screened with 1,500 primer sets designed from SSR and STS sequences. 
 
Arizona Genomics Institute at University of Arizona Research Activities 
1) GMW1 and GMW2 BAC libraries are in-house, replicated, and archived. 







 
2) High Throughput BAC end sequencing (BES) has been performed on the GMW1 
BAC library and the GMW2 BAC library. 
 
3) A fosmid library with a genome coverage of 4.6X was constructed. 
 
4) Sequenced 12 BACs to phase III. 9 BACs have been submitted to production. 3 BACs 
have been sorted into contigs. 6 BACs are in stab cultures and are in the pipeline to begin 
sequencing. The following was done to each BAC: 


 3-4kb random sheared 
 Blunt end ligation into pBluescript. 
 Shotgun sequencing >8X. 
 Cross_match, phred, phrap. 
 Consed for finishing. 
 Finishing reaction: Transposon, primer walking, GE finishing kit 
 Finished with >phred40 quality 


These are in the process of being sequenced to phase III. As the sequences are finished, 
they will be submitted to GenBank and the Legume Information System, and posted on 
the project website. 
 
 5) A BAC library with a genome coverage of 12X was constructed using EcoRI. BAC 
end sequencing has been completed on this library. 
 
National Center for Genome Resources Research and Outreach Activities 
1) Incorporation and analyses of SoyMap-generated BES data into the Legume 
Information System. 
 
2) Visited and called representatives at several New Mexico and area colleges and 
universities. 
 
3) The AISES National Conference, which was held in Charlotte, NC November 3-5, 
2005, and the Richard Tapia Celebration of Diversity in Computing Conference, which 
was held in Albuquerque, NM October 19-22, 2005, were attended in Year 1. In Year 2, 
the SACNAS National Conference, which was held in Tampa, FL October 26-28, 2006 
was attended. 
 
4) The 2006 Advisory Committee meeting was held at NCGR on February 24, 2006. The 
2007 Advisory Committee meeting was held at NCGR on March 2, 2007. 
 
5) NCGR programmers met with programmers from other institution to begin the 
importation of sequence and mapping data from the SoyMap and JGI-generated WGS 
projects to the Legume Information System. 
 
AGCoL at University of Arizona Research Activities  
1) Evaluate the existing GSC assembly using FPC indicators of contig quality (Q clones) 
and by re-assembling using the AGCoL standard protocol and comparing the assemblies.  







Conclusion: the assembly of GSC, which includes considerable manual editing, should be 
taken as the basis for future work. The possibility that homologous regions of the genome 
may have assembled together was also investigated statistically through study of the 
contig coverage depths. Little, if any, co-assembly was indicated.  
 
2) Use FPC tools to select 91 minimal tile clones (GM_WBb only; ~13Mb) from 9 
different contigs of the FPC assembly, to be sent to JGI for sequencing. 
 
3) Process and integrate new fingerprint data from the GM_WBc library, completed at 
U.C. Davis (end of Feb). An anomalously large number of singletons was observed and 
reported at the AC meeting; however, further analysis has reduced this number by 1/2. 
The best method of integrating these clones with the manually-edited GSC assembly is 
under investigation. Preliminary analysis indicates ~200 contig merges from c-library 
bridging clones. 
 
4) Analyze genetically mapped marker data with a view to anchoring the FPC contigs. 
Conflicts in the anchoring data have presented a substantial problem. A script was written 
to resolve the conflicts, anchoring ~50% of the assembly, but the accuracy of the 
anchoring requires further investigation.  
 
5) An attempt was made to align the soy FPC map to the Medicago sequenced 
chromosomes using the SyMAP tool (developed at AGCoL under NSF DBI-0115903). 
Positive results were expected in view of the similar divergence time to maize/rice, for 
which synteny is easily detected by SyMAP; however, no synteny was found for 
soy/medicago.   
 
6) (Synergistic work under NSF#0213764, PI C. Soderlund) A new "sequence track" has 
been added to FPC to facilitate integration and assembly of draft sequence in conjunction 
with FPC assemblies and BAC-end sequences. This tool will be further developed and 
applied to the soybean JGI draft sequence.  
 
 
Presentations 
Posters about the progress of the project and portions of the project were presented at the 
11th Biennial Molecular and Cellular Biology of the Soybean Conference in Lincoln, NE. 
A poster detailing the research of a summer intern at NCGR, Jeremy Espinoza, were 
presented at the SACNAS National Conference in Tampa, FL. Jeremy and Jamie Garcia, 
another summer intern (Purdue), gave power point presentations. 
 
 
MANAGEMENT ISSUES 
 Activities are also coordinated through monthly conference calls and daily 
communications via email and phone calls. All conference calls have prearranged 
agendas, and notes from the calls are made available through the project website, 
www.soymap.org. Additionally, project participants can find project deliverables, status, 
and other sources of data on the website that may be useful to them. As well to the calls 







and website, project personnel met with our Advisory Committee in March at the 
National Center for Genome Resources in Santa Fe, NM to present a progress report and 
to develop a plan to direct our research efforts to complement the sequencing of the 
soybean genome by DOE-JGI. We also used this opportunity to assemble a group of New 
Mexico residents who participate in the recruitment of Native American and Hispanic 
American students. These residents offered insight to aid in the recruitment and inclusion 
of students in our outreach program. 
 Bimonthly conference calls and communications via email and phone calls are also 
used to coordinate efforts between the SoyMap project and the JGI-DOE initiative to 
sequence the soybean genome. The JGI-DOE personnel with whom we have regular 
contact are Dan Rohksar (JGI), Jeremy Schmutz (Stanford), and Jane Grimwood 
(Stanford).  
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Worked for more than 160 Hours: No


Contribution to Project: 
Cytogenetics Researcher: hybrization of BACs to physical chromosomes of G.maxWilliams 82 cultivar via Fluoresecent In Situ
Hybridization (FISH) 
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Name: Ma, Jiaxin


Worked for more than 160 Hours: No


Contribution to Project: 
Research Geneticist: shotgun library construction, annotation of sequenced BACs from Purdue University


Name: Zhang, Guohua


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research specialist: PCR screening of 6-D BAC pools


Name: Wissotski, Marina


Worked for more than 160 Hours: Yes


Contribution to Project: 
Research Specialist: sequencing reaction


Research Experience for Undergraduates


Organizational Partners


Other Collaborators or Contacts
 


Activities and Findings


Research and Education Activities: (See PDF version submitted by PI at the end of the report)


Findings: (See PDF version submitted by PI at the end of the report)


Training and Development:
Purdue University
        Christian Hans is a graduate student is currently relating molecular linkage groups 
with soybean chromosomes via FISH. He is hybridizing BACs associated with markers from 
different linkage groups to mitotic chromosomes. ChristianÆs research includes squashes 
and spreads soybean chromosomes, isolation of BAC and soybean genomic DNA, and 
labeling and hybridizing FISH probes.
        There are 13 undergraduates who participate in some capacity on this project: 
preparation of solutions, preparation of filters for exposure to phospho-imaging plates, 
scanning of the phospho-imaging plates, deconvolution of the data, etc. 
	About 50% of the undergraduates and researchers in our lab are women, and about 
35% are from diverse groups, such as African-American, Asian-American, and Hispanic.

Iowa State University
        A PhD graduate student, Ms. Bindu Joseph, is currently supported by the Project. Ms. 
Joseph's research project entails the development of high-integrity physical maps on LG I 
and homoeologous regions on LG O. The overarching objective of her project is to identify 
the gene(s) responsible for a major seed protein QTL identified on LG I, and the putative 
corresponding gene(s) responsible for a minor seed protein QTL withing the 
corresponding region of LG O. Achieving her objective requires significant wet-lab 
confirmation of FPC-generated contig organization.  As a result of this, she is skilled in 
FPC, and development of physical and genetic maps. She supports the project anchoring 
of BACs through SSR discovery and confirmation of contig integrity.
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        An undergraduate student is learning routine molecular genetic and computer 
techniques and is being taught how to apply them in a team laboratory setting. Some of 
the techniques the student is learning are SSR discovery and mapping, gel preparation, 
and PCR reaction scoring.


Outreach Activities:
National Center for Genome Resources and Purdue Outreach Activities
Background/Rationale: The large presence of Native Americans and Hispanics in New 
Mexico and its surrounding areas present a unique opportunity to increase minority 
participation as well as benefit from and serve a diverse student population. New Mexico 
undergraduate and technical schools serve large populations of American Indian, Hispanic, 
and students from rural communities.
 
Objectives:  Our focus is to recruit motivated undergraduate and graduate students from 
New Mexico, Arizona and Texas to build relationships with local minority programs and 
institutions.  We will provide opportunities that promote bioinformatics and genomics 
research activities seldom encountered in the state and region.  We will accomplish these 
objectives through outreach discussions, participation in regional conferences, and 
through interactions with local and regional universities, colleges and interest groups.  
Our current activities are outlined below:
 
SoyMap Outreach Discussion û Santa Fe, NM
ò         An outreach discussion roundtable was established to gain insight into how we can 
improve SoyMap outreach activities in our community. Local participants included: Pamela 
Silas, AISES executive director; Shirley LaCourse, AISES Program Officer; Marie Brown, 
Program Manager of Dream Catcher Program at Sandia National Labs; Lawrence Brown, 
Government Relations Manager at Sandia National Labs; Dr. Anthony Sena, Director NSF-
REU Biosciences and Biotechnology Northern New Mexico College; Dr. Kamala Sharma, 
Professor at UNM Gallup-also a member of the INBRE, BRIDGES, NMAMP and SACNAS 
programs; Doc Kahlsa, Professor at Northern New Mexico College; Linda Sandoval,  
Program Coordinator for the Center for Bioinformatics and Computational Biology New 
Mexico State University, Dr. Tahani Hussein, Computer and Mathematical Sciences 
Department at New Mexico Highlands University; Dr. Jim Huntley, Senior Researcher at the 
National Center for Genome Resources- NMINBRE researcher.
 
Conference Participation
ò         The American Indians in Science and Engineering Society (AISES) National 
Conference
û        Provided opportunity to meet and build relationships with Native American science 
students and mentors
û        Facilitates access to AISES student database
 
ò         The Richard Tapia Celebration of Diversity in Computing Conference
û        Provided opportunity to meet and build relationships with a diverse group of 
students and mentors involved in computer science and engineering from the Native 
American, Chicano, and African American Communities.
û        Participated in discussions regarding Recruitment and Retention of 
Underrepresented Minority Students in Computer Science
û        Gained practical advice from meeting community members and leaders as to how to 
recruit at a national level
ò         Participated as Science Fair Judges for the National American Indian Science and 
Engineering Fair
û        Provided opportunity to meet Native American high school students interested in 
science. A great occasion to promote research, genomics, and bioinformatics to students 
entering college. Participation also enhances the SoyMap project's ability build 
relationships with the American Indian Science and Engineering Society
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Organizations, Universities and Colleges Contacted:
ò         Disseminated Advertisement to Representatives and Students
û        E-mail advertisement to all AISES and INBRE college chapters
û        Posted advertisement at AISES
û        Emailed advertisement to SACNAS representatives and students
û        Contacted representatives from the Committee on the Status of Women in 
Computing Research- emails sent via their  community  list server
 
ò         Posted advertisement on a number of websites including:
û        NCGR
û        Legume Information System
û        NMINBRE
û        soymap.org 

ò         Contacted minority groups, universities and colleges via email and telephone, and 
site visits
 
Groups and Associations with which we have been in Contact:
The American Indian Science & Engineering Society (AISES)
Southwestern Indian Polytechnic Institute (SIPI)
Society for the Advancement of Chicanos and Native Americans in Science (SACNAS)
Society of Mexican American Engineers and Scientists (MAES)
Sandia National Labs- American Indian Outreach Committee
Committee on the Status of Women in Computing Research
Integrative Graduate Education and Research Traineeship (IGERT) Program
The National Society of Black Engineers
New Mexico Alliance for Minority Participation Program (NMAMP)
Minority Access to Research Careers Program (MARC)
Minority Biomedical Research Support Program (MBRS)
IDeA Network of Biomedical Research Excellence
Sandia National Laboratories
Center for Bioinformatics and Computational Biology NMSU
Bridges to the Future Program
Native American Studies at NMSU and UNM
Chicano Studies at NMSU and UNM
African American Studies at NMSU and UNM
Job Placement Office at New Mexico State University
Job Placement Office at New Mexico Highlands
Co-operative learning office at the University of New Mexico
Biology, Chemistry, Health Occupations, Computer Science, Engineering, IT and 
Bioinformatics departments at the universities and colleges listed below:
 
Universities and Colleges:
Local Universities:
University of New Mexico- Albuquerque, Gallup, Los Alamos, Valencia and Taos campuses
New Mexico State University, Las Cruces, NM
New Mexico Highlands University, Las Vegas, NM
New Mexico Tech, Socorro, NM
Eastern New Mexico University, Portales, NM
Western New Mexico University, Silver City, NM
Northern New Mexico College, Espanola, NM
Dine College, Shiprock, NM
Luna Vocational Technical Institute, Las Vegas, NM
Santa Fe Community College, Santa Fe, NM
Mesa Technical College, Tucumcari, NM
Clovis Community College, Clovis, NM
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New Mexico Junior College, Hobbs, NM
San Juan College, Farmington, NM
College of Santa Fe, Santa Fe, NM
University of Texas El Paso, El Paso, TX
Mesa Community College, Mesa, AZ
Dine College, Tsaile, AZ
New Mexico Military Institute, Roswell, NM
Arizona State University,  Phoenix, AZ
 
Non-local Universities:
University of North Carolina at Pembroke, Pembroke, NC

Universities Contacted via AISES and INBRE projects:
University of Alaska, Anchorage, AK
University of Alaska, Fairbanks, AK
Chief Dull Knife College, MT
Montana State University,Bozeman, MT
Rocky Mountain College, MT
Salish Kootenai College, MT
University of Montana, MT
Oregon State University, OR
Northwest Indian College û Bellingham, WA
University of Washington, WA
University of Wyoming, WY
California Polytechnic State University - San Luis Obispo, CA
Humboldt State University, CA
San Jose State University, CA
Stanford University, CA
University of California-Berkeley, CA
University of California-Los Angeles, CA
Arizona State University, AZ
Northern Arizona University, AZ
University of Arizona, AZ
Colorado College, CO
Fort Lewis College, CO
University of Colorado û Boulder, CO
University of Colorado-Colorado Springs, CO
 
Site Visits:
University of New Mexico- Albuquerque, NM
University of New Mexico ûGallup, NM
University of New Mexico - Los Alamos, NM
New Mexico Highlands University, Las Vegas, NM
Northern New Mexico College, Espanola, NM
Dine College, Shiprock, NM
Luna Vocational Technical Institute, Las Vegas, NM
Santa Fe Community College, Santa Fe, NM
The American Indian Science & Engineering Society (AISES), Albuquerque, NM
Southwestern Indian Polytechnic Institute (SIPI), Albuquerque, NM
Albuquerque Technical Vocational Institute (TVI), Albuquerque, NM
San Juan College, Farmington, NM
College of Santa Fe, Santa Fe, NM
 
Personal Contacts:
Met with Mr. Sweeney Windchief, coordinator of graduate fellowship and special programs at the American Indian Graduate Center. Mr.
Windchief helped to distribute the advertisement (both the physical advertisement and a email to Indian Country USA)








Annual Report: 0501877


Page 9 of 11


Mathew Perez û Former AISES member
Matt has helped get the word out at Harvard and Dartmouth Native American Programs. Matt is a member of several community list servers
and has been helpful in posting our advertisements

 
Contact Information for SoyMap Outreach Discussion Group
 
Pamala Silas, Executive Director
Post Office Box 9828
Albuquerque, NM 87119
Phone: (505) 765-1052 Ext.111
Email: pam@aises.org
 
Shirley LaCourse, Program Officer û Outreach Coordinator
American Indian Science and Engineering Society
Post Office Box 9828
Albuquerque, NM 87119
Phone: (505) 765-1052 Ext. 106
Email: shirley@aises.org
 
Marie Brown, Program Manager 
Dream Catcher Science Program 
PO Box 5800, MS 1356 
Albuquerque, New Mexico 87185-1356 
Phone: (505) 284-3171
Email: fmbrown@sandia.gov
 
Laurence Brown, Government Relations Manager
Sandia National Laboratories, New Mexico
PO Box 5800
Albuquerque, NM 87185-(0131)
Phone: (505)284-4012
Email: LEBROWN@sandia.gov
 
Anthony Sena, Provost
Director, NSF-REU Biosciences & Biotechnology
921 Paseo de Onate
Northern New Mexico College
Espanola, New Mexico 87532
Phone: (505) 747-2291
Email: asena@nnmc.edu
 
Doc Kahlsa, Biology Professor
Northern New Mexico College
Espanola, New Mexico 87532
Phone: (505) 920-5528
Email: doc@nnmc.edu
 
Linda Sandoval, Program Coordinator
NMSU Department of Computer Science
Center for Bioinformatics & Computational Biology
Box 30001, MSC CS Science Hall
Las Cruces, NM  88003
Phone: (505) 646-4451
Email: lsandova@cs.nmsu.edu
 
Kamala Sharma, Biology Professor 
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University of New Mexico-Gallup
P.O.Box 3446
Gallup, NM 87305
Phone: (505) 863-7585
Email: ksharma@gallup.unm.edu
 
Hossein Tahani, Chair
Computer and Mathematical Sciences Department
New Mexico Highlands University
Phone: (505) 426-2121
Email: htahani@nmhu.edu
 
Marcy Osgood, Outreach Core Director
New Mexico Idea Networks of Biomedical Excellence (NMINBRE)
Phone: (505) 272-8184
Email: mosgood@salud.unm.edu



Journal Publications


Walling, J.G., R.C. Shoemaker, N.D. Young, J. Mudge and S.A. Jackson, "Chromosome
    level homeology in paleopolyploid soybean (Glycine max) revealed through
    integration of genetic and chromosome maps.", Genetics, p. 1893, vol. 172, (2006). Published, 


Books or Other One-time Publications


Web/Internet Site


Other Specific Products


Contributions


Contributions within Discipline: 
This project has contributed to the development of a physical framework for the soybean genome that can be used for gene cloning and
assembling genome sequences.


Contributions to Other Disciplines: 
 
Contributions to Human Resource Development: 
In doing research for this project, several PhD students and postdoctoral associates are being trained in genetics and genomics, specifically in
soybean.  Moreover, many women and representatives of under-represented groups have participated in research and outreach efforts and not
only have contributed to the project, but have learned new tools and techniques in genome research.


Contributions to Resources for Research and Education: 
Please refer to the human resource development section of 'Contributions'.
Contributions Beyond Science and Engineering: 
 


Special Requirements


Special reporting requirements: None
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Change in Objectives or Scope: None


Animal, Human Subjects, Biohazards: None


Categories for which nothing is reported: 
Organizational Partners


Any Book


Any Web/Internet Site


Any Product


Contributions: To Any Other Disciplines


Contributions: To Any Beyond Science and Engineering







Annual Report for NSF Award # 0501877
VCA SOYMAP: An Integrated Map of Soybean for Resolution and Dissection
of Multiple Genome Duplication Events
Principal Investigator: Scott Jackson
Organization: Purdue University
Report Period: July 2005 – April 2006


FINDINGS


Purdue University Research Findings
Overgo Mapping:
Current:  


Attempted - 1008
Matched - 501


Expected by 1 June 2006
Attempted - 1440
Matched – 720


We have exceeded the objective for Year 1 of 1000 overgos screened. The
average number of BACs identified per overgo was 4.58 for the GMW1 library and 8.27
for the GMW2 library. 5381 BACs have been identified by the overgos screened.


Mapping of BACs via FISH


28 BACs have been mapped to chromosomes from G. max cv. Williams 82. These BACs
are listed in the SoyMap FISH Data table.


BAC Library Probe MLG
Position
(CM)


107E11 Gm_Umb001 Satt232 L 7.4
092H15 Gm_Umb001 Satt446 L 9.2
089A23 Gm_Isb001/GmW1 Satt238 L 19.7
094L03 Gm_Isb001/GmW1 pA106 L 30
009M21 Gm_Isb001/GmW1 Sat_134 L 32.4
034N02 Gm_Isb001/GmW1 Satt278 L 33.2
076J21 Gm_Isb001/GmW1 Satt398 L 34.6
012P14 Gm_Umb001 pA023 L 41.1
123E07 Gm_Umb001 pB046 L 52.7
181E15 Gm_Umb001 pB162 L 55.6
007K23 Gm_Isb001/GmW1 Satt076 L 72.3
161O23 Gm_Umb001 pA489 L 106.5
038L01 Gm_Isb001/GmW1 Satt229 L 107.7
144N07 Gm_Umb001 pA802 L 138.3
075G06 Gm_UMb001 pA104 A1 90.1







020O13 Gm_UMb001 pA487 A1 0
098J09 Gm_UMb001 pA567 B1 113.8
053M16 Gm_UMb001 pA129 B1 32.3
109G05 Gm_UMb001 pA398 D1a+Q 0
012F02 Gm_UMb001 pC063 D1a+Q 132.2
024M10 Gm_UMb001 pA095 D2 2.9
013B07 Gm_UMb001 pK286 D2 103.8
129D20 Gm_UMb001 pA401 F 44.5
008H22 Gm_UMb001 Bng190 F 139.8
031P04 Gm_UMb001 pB039 I 98.4
032A17 Gm_UMb001 pA515 I 43.9
031E10 Gm_UMb001 pB046 J 28.2
036H18 Gm_UMb001 pA199 J 24.8


BAC shotgun sequencing to Phase III
Table 2: Purdue Progress of  BAC sequencing


# Clone name Status Finished bp
1 GM_WBb0078A23 In library construction N/A
2 GM_WBb0098N11 In library construction N/A
3 GM_WBb0013C12 In library construction N/A
4 GM_WBb0080A05 In library construction N/A
5 GM_WBa0099F12 In library construction N/A
6 GM_WBb0055F14 In library construction N/A
7 GM_WBa0059F21 In library construction N/A
8 GM_WBa0037B04 In library construction N/A


9 GM_WBa0035O20 In library construction N/A


10 GM_WBa0012N20 In library construction N/A


Arizona Genomics Institute at University of Arizona Research Findings
BAC End Sequencing Progress
1)BES of GmWBa has been performed on 58, 176 clones of which 50,545 successful
reads have been obtained (87%). The average continuous string of sequence was 468.36
bp, and the average high quality read was 621.82 bp Phred 20.
2) BES of GmWBb is in progress.


BAC shotgun sequencing to Phase III
Table 3:  AGI Progress of BAC sequencing


# Clone name
AGI


name Status Finished bp
1 GM_WBb0078A23 hfy Finished 173970
2 GM_WBb0098N11 hfz Finished 132396
3 GM_WBb0013C12 hgh In production N/A
4 GM_WBb0080A05 hgj In production (waiting for loading) N/A







5 GM_WBa0099F12 hgl In production (waiting for loading) N/A
6 GM_WBb0055F14 hgi in library quality check N/A
7 GM_WBa0059F21 hgk in library quality check N/A
8 GM_WBa0037B04 In clone validation
9 GM_WBa0035O20 In clone validation


10 GM_WBa0012N20 In clone validation


Fosmid library Construction
Details of the fosmid library that was prepared are listed below:
Library Name: GM_WOa
Cultivar Name: Williams 82
DNA Source: Young Leaves
Clone Number: 147,456
Number of 384-Well Plates: 384
Number of High-Density Filters: 8
Average Insert Size: 35 kb
Genome Coverage: 4.6


Iowa State University Research Findings
Overgo Mapping:
Current:  


Attempted - 994
Matched - 485


Expected by 1 June 2006
Attempted - 1122
Matched – 550


Thanks to high-density membranes provided by the Purdue group, as well as a
working list of overgos from which to select, we have exceeded the objective for Year 1
of 375 overgos screened. The number of BACs identified per overgo ranged from 1 to 63.
On average, each overgo tested identified 14 - 15 (14.57) BACs. 3852 BACs have been
identified by the overgos screened.


SSR Discovery and BAC Anchoring
Current:


Identified and Tested for Length Polymorphisms - 408
Genetically mapped - 69


Expected by 1 June 2006:
Identified and Tested for Length Polymorphisms - 1300
Genetically mapped - 125 - 150


Out of the initial 8,199 BES from `floating' contigs, 3,125 were identified using
the program `Sputnik' as containing at least one SSR. These break down into different
categories depending upon the length of the repeat: 637 (> 18 bp), 304 (16 - 18 bp), 447
(15 bp), and 868 14 bp).  The remainder was all less than 14 bp in length. To date, only







SSRs >/= 18 bp have been tested. The frequency of length polymorphism in our most
diverse population (G. max X G. soja) is approximately 15%. Based on a survey of the
literature, this is significantly less than we anticipated.  Thus, we are screening many
more SSRs than anticipated in order to attempt to reach our `mapped' objective.


An automated primer design system has been put in place. The system now
permits the design and format for ordering hundreds of SSRs in only a few moments. The
laboratory is set up to screen 48 SSRs daily, and can map approximately 40 - 60 SSRs per
month. Assuming a length polymorphism frequency of 15%, we need to screen about 400
new SSRs per month. The current limitation is the availability of BES. This will cease to
be a limitation once the new BES have been generated at Arizona.


University of Missouri, Columbia Research Findings
BAC Pool Mapping:


Primer sets screened – 796
PCR products – 867
Assigned to BACs – 777


The objective for Year 1 of 750 SSRs/STSs mapped has been completed. On
average, each overgo tested identified 5.7 BACs, and 4006 BACs have been identified by
the overgos screened. Of the 777 markers assigned to BACs, 530 are SSRs and 247 are
STSs.


National Center for Genome Resources Research Findings
Outreach Results
Please see the outreach section of the report.


Advisory Committee Meeting
The advisory committee meeting consisted of presentations by the partner


institutions describing all aspects of the project. The committee was given the
opportunity to question presenters (or other participating personnel) concerning any facet
of the research and progress. This meeting was also used to address DOE-JGI’s plan to
shotgun sequence the soybean genome.


SOYMAP Advisory Committee Meeting


National Center for Genome Resources
Santa Fe, NM


February 24, 2006


Advisory Committee Members
Perry Cregan, Ken Dewar, Anne Dorrance,


John McPherson (Chair) and Cari Soderlund







The Advisory Committee (AC) was generally impressed with the progress that has been
made at this early stage of the SoyMap project and recognized that many aspects are


ahead of schedule.  The researchers involved are clearly dedicated to the generation of
this essential resource that will benefit the entire research community, as well as their


own research programs.


  The presentations given at the NCGR outlined the progress to date and the intended
deliverables for the future.  It was recognized that an important new development is the
recently announced intention of the Joint Genome Institute to provide 6- to 8-fold whole
genome shotgun sequence coverage of the soybean genome over the next 2 to 3 years.
Considerable discussion focused on the impact of this decision by the JGI on the SoyMap
research plan.  The sentiment that the JGI involvement in sequencing is an excellent
development was shared by the AC and the SoyMap participants.  Its major impact on the
initial SoyMap project goals is that it may seem to preempt one, which was to investigate
the soybean genome structure and sequence to make an informed decision for a genome
sequencing strategy.  It is difficult to conceive of a large genome sequencing project in
the current arena that does not include such a whole genome shotgun component,
accordingly the JGI decision is an obvious step on this pathway.  It is important that the
SoyMap project forge strong ties with the JGI contacts to ensure that both projects are
maximally synergistic and the soybean community perceives and receives a cohesive
genome project across both efforts.


AC Recommendations:


1. BAC libraries
1.a. Additional clone coverage:  The two currently used BAC libraries provide


approximately 10-fold genome coverage.  Some concern was expressed about the state of
the GMW1 library with respect to cross-contamination between wells and lack of growth
in others.  The AC recommends that a third library be constructed using a different
restriction enzyme and that this library needs to have at least 5- to 6-fold clone coverage
of the genome.


We agree and are planning to make another BAC library consisting of 49,152 clones,
which is slightly greater than 6x.  We are in the process of rebudgeting this, along with
items below (1.b and 1.c) within the context of the current budget—as much as
possible.


1.b. BAC End Sequencing (BES):  The new additional BAC library must be end
sequenced to enhance scaffolding of the anticipated genome assemblies.  Current plans
are for fosmid end sequencing to be done at the Arizona Genome Institute (AGI).  The
AC recommends that the funds for the fosmid end sequencing be utilized for the BAC
end sequencing instead.  In addition, the JGI has announced that fosmid end sequencing
will be included in their whole genome shotgun strategy for sequencing the genome.  .
Since the JGI has no plans to end sequence BAC clones, this work will provide a very
valuable role for the SoyMap project in the generation of a high quality genome draft







sequence.  The AC also suggests that the AGI offer to transfer the fosmid library they
have made to the JGI to jumpstart this effort.


We concur with the AC.  We plan to accomplish this by forgoing the proposed fosmid
end sequencing.  By forgoing fosmid end sequencing, we can create a new BAC library
per 1.a and end sequence it and save ~$25,000 (to be used for item 2: Will Nelson).


1.c. High Information Content Fingerprinting (HICF):  The new BAC library
would be best utilized if the clones were fingerprinted using HICF methods.  Ideally this
should be done in the exact same manner as the first two.  Funds are not currently
available for this activity but should be sought without compromising other goals.


We have contacted Jan Dvorak’s lab at UC-Davis, where the original fingerprints were
done, to get a cost estimate for doing this: ~$100,000.  We attempted several plates at
AGI to see if they could be done there, but the techniques and machines were
sufficiently different that the fingerprints could not be used for map assembly with the
existing fingerprints.  Thus, $100,000 will be needed for this effort.   By reducing the
amount of BAC sequencing at AGI, we plan to be able to recover some money to help
fund the fingerprinting.


2. Physical map assembly
Data were presented for a recent automated assembly of the HICF data using the


latest FPC tools.  There were significant differences between this assembly and the
manually curated assembly provided by the Washington University Genome Sequencing
Center (GSC) Mapping Group.  A more detailed comparison is needed but the newness
of the data precluded this in time for this meeting.  Even though the funding for the
manual curation effort has ended, a very close examination of the current assembly still
needs to be made and the manual efforts reviewed and incorporated where warranted.  A
recommendation was made for the inclusion of Dr. Will Nelson in the SoyMap project
for further physical map development using FPC and its associated web-based tools and
display software.  Dr. David Grant was identified as a SoyMap participant who would be
willing to work closely with Dr. Nelson.
  The automated assembly data were presented by Dr. Cari Soderlund, an AC member,
and it was noted that Dr. Nelson works in close association with Dr. Suderlund.  Any
potential conflicts associated with the AC recommending Dr. Nelson’s inclusion in the
SoyMap project were discussed.  Dr. Nelson’s expertise in utilizing the FPC software
makes him an obvious choice for this work and as such the conflict was considered to be
by perception only and is pointed out at this time for disclosure and completeness.
  Continued physical map curation and integration with genetic and comparative maps is
essential.  A more detailed plan for checking the assembly with respect to other data such
as the BES alignment to the Medicago genome needs to be formulated.  Plans for
formatting data for LIS to communicate the genome to the research community needed
more detail as well.
  It is important to keep the physical map completion in perspective with the whole
genome shotgun effort.  The physical map is a very valuable clone resource and will help
verify the genome assembly but it must be recognized that the genome assembly will also







inform the physical map and aid in its completion.  Heroic efforts to create a complete
physical map are not needed at this time.


We agree completely with this suggestion.  David Grant has been included in these
discussions, has been part of the original map group and has interfaced the current
FPC map into Soybase and, therefore, is the most logical contact for this aspect.  He
has agreed to assume this role and responsibility and to work with Will Nelson at AGI.
We have been in communication with both Will and Cari and have budget numbers for
including Will on the SoyMap project.  For 25% of his time to help --- it would be
$80,025 and $152,705 for 50% of his time.  Since we are trying our best to work within
existing budgets, we would like to include Will at 25% effort.  $25,000 savings from
item 1.b will be used to bring Will on the project leaving a deficit of $55,000.


3. Anchoring of markers and BES
3.a. Comparative mapping:  Although the yield is likely to be low, it is


recommended that all BES be aligned to the Medicago genome.  Even at a low yield per
sequence (10%?) this activity may still provide significant connection between the two
genomes due to the large number of BES that are or will be available, and the overall
conservation of synteny across large parts of the genome.  Some pilot effort was
suggested to investigate the utility of Medicago versus soybean comparisons to see if this
would provide similar results from maize versus rice genome alignments.


This will be done by David Grant (Shoemaker’s lab) and Will Nelson in their effort to
further refine the physical map.  We also intend to use Lotus as, in our experience,
we’ve found better microsynteny than in Medicago.  However, to the extent possible,
both will be used to further refinement of the soybean physical map.


3.b. Genic markers:  As reported, approximately 1,500 – 2,000 genic markers
have been incorporated by PCR and overgo based strategies.  The AC recommends that
the success of these markers be defined more stringently.  A marker should be assigned to
3 or more overlapping BAC clones within the assembled map or have additional
supporting evidence such as genetic mapping before it is considered a “good” marker.
As presented, the AC interpreted the success rate of the anchoring effort to be ~30%
when 3 or more overlapping BAC clones are required.  It is a source of concern when
only a single BAC within a cluster of overlapping BAC clones is identified by either
overgo or PCR techniques.  A question was raised as to the intersection of the overgo and
PCR screening data for markers that were in common between these two efforts.  The
answer to this question was unknown at the time but such data should be tracked within
the overall SoyMap project.


We propose to meet and exceed the recommended 2,000.  At the current time, we have
~1,000 genetic markers that have three or more vertically integrated BACs within a
contigs.  Our percent success for overgos is, we feel, lower than it should be so we are
working to bring this up.  We are also working to determine the overlap of markers
between PCR pools and overgos.  Since, however, each only detects a fraction of the
BACs that have a sequence  (false positives), then the intersection would be the product







of detection rates of each method—if each was detecting 50% of the total clones they
should then the overlap would be expected to be only 25%.  We will follow up on this.


  One specific AC recommendation for the PCR screening effort is that BAC pools be
grown on solid support and not in liquid culture prior to DNA isolation.  A great deal of
past experience has demonstrated that the liquid culture method results in a significantly
larger representation bias.


From CoPI Stacey: “…the recommendation [to use solid support growth] will be
followed.”


3.c. Floating contigs:  The current FPC assembly includes 1,165 contigs without
anchors.  This number may decrease, as this assembly did not include the latest 1,000
markers.  Efforts for contig anchoring should focus on a top-down approach with priority
given to larger contigs.  Larger contigs should first be examined for appropriate depth
and width of BAC coverage to exclude misassemblies due to repetitive and duplicated
regions that have been co-assembled.  The AC recommends that BES from BAC clones
at the extreme ends of appropriate larger floating contigs be used to generate overgo
and/or PCR probes for identification of overlap with existing ordered contigs that is
otherwise not detectable by HICF.  In addition, comparative mapping (3.a) and FISH will
be useful additions for contig ordering.  BES-based mapping experiments will also
provide a useful quality assessment of the mapping pipelines since there are known
positive controls.


Once Will Nelson is on the project working with David Grant, more attention will be
given to integrating the markers into the physical map and analyzing the physical map
for depth and misassemblies.  We will refocus some of our overgo work to map ends of
contigs to try and force merges.  This was a good suggestion.  This will have to wait
until the BAC end sequences are completed in a few months and the FPC managers
(Will and David) provide us with BESs from the ends of contigs.


4. BAC sequencing
  The research goal of the SoyMap participants is to investigate the genetic and genomic
effects of polyploidy leading to a near diploid genome.  This is to be facilitated by the
identification of duplicated regions within the genome and the sequencing of
representative BAC clones.  Clones are to be selected from EST rich and poor categories.
The AC acknowledges the resources available but suggests that sequencing all
homeologous BAC clones to completion rather than sampling a limited number would be
more beneficial.  However, the AC wishes to focus on the soybean genome completion as
a community resource rather than the specific research interests of the participants.
Certainly the individual research interests will be served by the availability of completed
genome and the AC encourages a focus of the group on this goal.


5. JGI whole genome sequencing
As stated above, the JGI decision to generate a whole genome shotgun assembly


of the soybean genome is an excellent development that will have a major impact on the







SoyMap research effort.  A conference call was held with Dr. Dan Rokhsar from the JGI
to delineate their intended program.  It is essential that the two groups develop a very
close working relationship and it was evident from this call that such a relationship is
underway but needs to be fostered.


5.a. Shotgun sequencing:  Trace data will be deposited in a timely manner to the
NCBI Trace Archive.  The SoyMap group and LIS in particular need to examine these
data on a regular basis to become familiar with the data.  The SoyMap group should
become proficient and develop accessible interfaces for the utilization and analysis of
whole genome shotgun data (raw data and assemblies), examples being BLAST
capabilities of soybean EST and alignment of WGS reads to related genomes.


Working with LIS and pulling in other appropriate personnel, we will develop a plan to
incorporate these data as they are provided by JGI.  LIS already has extensive
experience in comparative genomics of legumes, so much of this will be routine to
them.  However, dealing with intermediate assemblies of WGS will be difficult, but by
working with JGI and others, we feel we can accomplish these recommendations.


5.b. Shotgun sequence assembly:  The AC recommends that the JGI be
encouraged to provide the SoyMap participants with an interim assembly once ~ 4-fold
genome coverage has been obtained.  This would enable the SoyMap project to develop
tools for physical map integration and assembly integrity checks in advance of the final
assembly.  It is important that the SoyMap group be ready to quickly utilize the final
assembly as it is released and provide these integrated resources at the time of
publication.


We agree and this will be part of our collaboration with JGI.


5.c. Fosmid end sequencing:  As indicated above, the AC recommends that all
fosmids end sequencing be done by the JGI and that the AGI provide the fosmid library
they have in hand to initiate this process.


We concur.  This will be discussed with Dan Rokhsar, however, based on previous
discussions, we don’t think this will be a problem, as they will be doing Fosmids
already.  We can, as suggested, provide our fosmid library to JGI.  This would be
particularly useful as it would be publicly accessible via AGI.


5.d. BAC sequencing:  Dan Rokhsar indicated that the JGI may be willing to
sequence up to 1,000 BAC clones and expected community input for their selection.
Coordination of this input is essential and the AC recommends that this be coordinated
through the SoyMap effort with BAC clones sent from the working libraries in their
possession, providing this type of community support is not an arduous task for the
SoyMap group.  A feasibility plan for this effort should be developed.  In addition, the
SoyMap group should utilize this BAC sequencing to further the genome resource by
providing clones that will benefit the final assembly.  These could include BAC clones:
identified from the FPC problem areas; defining euchromatin/heterochromatin boundaries
to determine genome completeness; and paralogous regions to expand the research







interests of the SoyMap participants.  It is also essential that several large regions of at
least 1 Mb of contiguous clones be sequenced to evaluate the final assembly.  These large
regions could be seeded from the BAC clones identified for the specific objectives
described above.


The Jackson and Shoemaker labs already have nucleated several sequence points in
the genome, we propose to use these points to develop ~6 regions that will have at least
1 Mb of contiguous sequence that can be used to asses the shotgun sequence.  This will
be done in coordination with JGI.


As far as providing BACs to JGI for sequencing.  The project is amenable to this
request, however, as the AC notes, we were not funded for this type of work.  Providing
BACs from tiling paths, questionable contigs, euchromatin-heterochromatin junctions
would be most valuable and could be provided within the context of the project.
However, screening the library for external requests would be difficult.  We suggest
and will discuss with JGI that the BAC sequencing resources be focuses as described
above.


5.e. Community perception:  It is vitally important that the research community
view the SoyMap and JGI efforts as a unified program.  The AC strongly urges that a
joint announcement outlining the project and its timeline be published in a widely read
community journal.


This will be discussed with Dan.  If amenable to Dan (JGI), this will be actively
pursued. Most probably this will be done as a letter to Plant Physiology.


5.f. Communication:  The AC recommends that Dan Rokhsar of the JGI be kept
in regular communication with the PIs of the SoyMap project.  He should be included in
the monthly SoyMap conference calls to further communication on the progress of each
group, and should receive copies of relevant project management documents (including
this report) discussing JGI/SoyMap coordination goals and issues.


Dan has already received a copy of this report and it is our intention to foster
communication between the two projects so that they are perceived as one.
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RESEARCH ACTIVITIES


The project has two specific aims: 1) delimit homeologous regions of the soybean
genome by developing an integrated genetic-physical map, and 2) examine structural
evolution of duplicated regions by sequencing EST rich and EST-poor BACs and
homeologous BACs. To attempt to accomplish the first aim, it was proposed to place
markers on the physical map via overgo screening and BAC pool screening, map BACs
using FISH, build a Sequence Tag Connector (STC) database with the BAC end
sequences of the 225,000 clones in the two G. max Williams 82 cultivar BAC libraries,
and anchor contigs and BACs to the genetic map using SSRs. The second aim was to be
accomplished by sequencing BACs to phase II and phase III.


Year 1 Objectives
-225,000 BES of GMW1 (GmWBa) and GMW2 (GmWBb)
-1,375 overgos screened against the two BAC libraries
-750 SSRs/STSs screened via BAC pooling
-200 SSRs anchored to contigs
-20 BACs mapped to chromosomes via FISH
-14 BACs sequenced: 4 to phase II and 10 to phase III


Purdue University Research Activities


1) A project manager was hired to organize the efforts of the five research institutions.
Undergraduate students were also hired to provide support.


2) Thousands (>6000) of overgos were designed from EST and SNP sequences using a
program called SOOP and Purdue University software. The EST sequences were
provided by the Shoemaker lab at Iowa State University. These sequences were parsed
from a BLAST alignment and aligned to a CAP3 contig representing a gene family
consensus sequence.  Some sequences were removed from this alignment leaving
unsupported gaps, except in cases in which the sequences varied by INDELS. The SNP
sequences were provided by Perry Cregan’s laboratory at the Beltsville Agricultural
Research Center.


3) 1008 overgos have been radioactively labeled and hybridized to high-density filters
containing BACs in the GMW1 and GMW2 libraries. Positive clones were identified
using ComboscreenJ.







4) BACs associated with markers from various Molecular Linkage Groups were
identified and selected for analysis. BACs were mapped to chromosomes via Fluorescent
In Situ Hybridization (FISH).


5) DNA was isolated from randomly selected 10 BACs and made into shotgun libraries.
These are in the process of being sequenced to phase II. As the sequences are finished,
they will be submitted to GenBank and the Legume Information System, and posted on
the project website.


6) A project website was designed and developed. Programs have been designed to
collect data from partner institutions’ ftp servers and compile data at a central location.


Iowa State University Research Activities


1) 994 overgos have been radioactively labeled and hybridized to high-density filters
containing BACs in the GMW1 and GMW2 libraries.


2) 408 SSRs have been identified and tested for length polymorphisms. Of these, 69 have
been mapped to the soybean genetic map.


Physical Map Visualization Tools and General Data-Flow (Ames and Purdue)


3) A website was set up for sharing the data generated at the Ames location with the
Purdue group. In addition, the Ames group collected all RFLP, SSR, overgo data from a
previous ISU/UMN project, Purdue University, and the University of Missouri,
Columbia, and associated the data with BACs. In addition, SNP genetic mapping data
from USDA-Beltsville (Dr. Perry Cregan) was associated with BACs, via overgos.  This
placed the BACs onto the genetic map, essentially `anchoring' them.


4) The visualization and retrieval of data is key to a successful physical map. To facilitate
this, the Ames group merged genetic marker, BAC-marker association and physical map
data sets and then formatted the merged data for CMap. An enhanced CMap-based
schema was developed to accommodate different levels of map detail (genetic map,
chromosome physical map, contig map). To enhance data retrieval and searching for
other project members, a MySQL database was developed to hold the physical map data.
A Web-based Tutorial is in the process of being developed for soybean physical and
genetic map displays in CMap.


University of Missouri, Columbia Research Activities
1) Pools of BAC clones consisting of 49,152 clones from the GMW2 library have been
screened with 796 primer sets designed from SSR and STS sequences.







Arizona Genomics Institute at University of Arizona Research Activities
1) GMW1 and GMW2 BAC libraries are in-house, replicated, and archived.


2) High Throughput BAC end sequencing (BES) has been performed on the GMW1
BAC library and is in progress on the GMW2 BAC library.


3) A fosmid library with a genome coverage 4.6X was constructed.


4) Sequenced 2 BACs to phase III. 5 BACs are in shotgun library construction to be
sequenced. 3 BACs are in stab cultures and are in the pipeline to begin sequencing. The
following was done to each BAC:


 3-4kb random sheared
 Blunt end ligation into pBluescript.
 Shotgun sequencing >8X.
 Cross_match, phred, phrap.
 Consed for finishing.
 Finishing reaction: Transposon, primer walking, GE finishing kit
 Finished with >phred40 quality


These are in the process of being sequenced to phase III. As the sequences are finished,
they will be submitted to GenBank and the Legume Information System, and posted on
the project website.


National Center for Genome Resources Research and Outreach Activities
1) Visited and called representatives at several New Mexico and area colleges and
universities.


2) The AISES National Conference, which was held in Charlotte, NC November 3-5,
2005, and the Richard Tapia Celebration of Diversity in Computing Conference, which
was held in Albuquerque, NM October 19-22, 2005, were attended.


3) The Advisory Committee meeting was held at NCGR on February 24, 2006.


4) Programmers met with programmers from other institution to begin the importation of
the data from the Soymap website to the Legume Information System.


Presentations
Posters about the progress of the project have been presented at the Plant and Animal
Genome XIV Conference in San Diego California January 14-18, 2006 and at the 3rd
International Conference on Legume Genomics and Genetics in Brisbane, Australia April
9-13, 2006.
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Project Participants


Senior Personnel


Name: Jackson, Scott


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Doyle, Jeffrey


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Shoemaker, Randy


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Cregan, Perry


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Schmutz, Jeremy


Worked for more than 160 Hours: Yes


Contribution to Project: 


Name: Cannon, Steven


Worked for more than 160 Hours: Yes


Contribution to Project: 
Collaborator on the database side


Post-doc


Name: Severin, Andrew


Worked for more than 160 Hours: Yes


Contribution to Project: 
Andrew is working with the conservation-display tools developed by the UCSC
group. Also, for BAC-end data, the BOW-TIE aligner and SAM format output is
being adapted for display in Gbrowse.


Name: Tian, Zhixi


Worked for more than 160 Hours: Yes


Contribution to Project: 
Analysis of Dt1 region and transposable elements


Name: Roulin, Anne


Worked for more than 160 Hours: Yes
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Contribution to Project: 
Genome-wide analyses of duplicated genes in an evolutionary perspective


Name: Gill, Navdeep


Worked for more than 160 Hours: Yes


Contribution to Project: 
Informatics


Name: Song, Qijian


Worked for more than 160 Hours: Yes


Contribution to Project: 
postdoc on linkage diseequilibrium studies.


Name: Livermore, Paul


Worked for more than 160 Hours: Yes


Contribution to Project: 
 
Name: Sui, Yi


Worked for more than 160 Hours: Yes


Contribution to Project: 
 
Name: Hwang, Eun-Young


Worked for more than 160 Hours: Yes


Contribution to Project: 
Female postdoc with Dr. Shoemaker


Graduate Student


Name: Ha, Jungmin


Worked for more than 160 Hours: Yes


Contribution to Project: 
Analysis of duplications on chromsomes 8 and 15 across Glycine species


Name: hans, Christian


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Undergraduate Student


Name: Braun, Breman


Worked for more than 160 Hours: No


Contribution to Project: 
Breman is testing alignment and display methods for resequenced genomic data


Name: Mulaosmanovic, Benjamin


Worked for more than 160 Hours: Yes


Contribution to Project: 
Undergraduate researcher at Iowa STate.


Technician, Programmer


Name: Prelock, Katy


Worked for more than 160 Hours: Yes


Contribution to Project: 
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Project coordination


Name: weeks, nathan


Worked for more than 160 Hours: Yes


Contribution to Project: 
 


Other Participant


Research Experience for Undergraduates


Organizational Partners


National Center for Genome Resources
We've done sequence analysis with NCGR and are using their facilities as part of our outreach 
and our AC.


Legume Information System
Assistance on Databasing issues.


Other Collaborators or Contacts
Many collaborators are now using the data produced from this project:
Blake Meyers (Univ. Delaware), Lijuan Qiu (Chinese Acad of Agricultural Sciences), Rajeev Varshney (ICRISAT), and more


Activities and Findings


Research and Education Activities: (See PDF version submitted by PI at the end of the report)


Findings:


Training and Development:
One postdoc (Navdeep Gill) has moved to Vancouver, Canada and found employment in an 
Evolutionary Genomics facility.  Another postdoc from ISU has now gained employment with 
a seed company.


Outreach Activities:


Journal Publications


Schmutz et al., "Genome sequence of the palaeopolyploid soybean", Nature, p. , vol. , (2010). Accepted,  


Du, J., Tian, Z., Schmutz, J., Bowen, N.J., Shoemaker, R.C., and Ma, J., "Bifurcation and enhancement of autonomous-nonautonomous
retrotransposon partnership through LTR swapping in soybean.", The Plant Cell, p. , vol. , (2010). Accepted,  


Du, J, Grant, DT, Tian, Z., Nelson, R.,  Zhu, L,  Shoemaker, R.C., and Ma, J., "SoyTEdb: a comprehensive database of transposable elements in
the soybean genome.", BmC Genomics, p. , vol. , (2010). Submitted,  


Kim,M-Y., S. Lee, K. Van, T-H. Kim, S-C. Jeong, I-Y. Choi, D-S. Kim, Y-S. Lee, D. Park, J. Ma, W-Y. Kim, B-C. Kim, S. Park, K-A. Lee,
D.H. Kim, K.H. Kim, J.H. Shin, Y.E. Jang, K.D. Kim, W.X. Liu, T. Chaisan, Y.J. Kang, Y-H. Lee, K-H. Kim, J-K. Moon, J. Sc,
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"Whole-genome sequencing and intensive analysis of the undomesticated soybean (Glycine soja Sieb. and Zucc.) genome.", Proc. Nat'l. Acad.
Sci. USA, p. , vol. , (2010). Published, doi:10.1073/pnas.1009526107


Du, J. Tian, Z., Hans, C., Laten, H., Jackson, S., Cannon, S. Shoemaker, R. Ma, J., "Evolutionary conservation, diversity and specificity of
LTR-retrotransposons in flowering plants: new insights from genome-wide analysis and multi-specific comparison.", Plant J., p. 584, vol. 63,
(2010). Published,  


Jackson, S.A. and J. Chen., "Genomic and Expression Plasticity of Polyploidy.", Current Opinions in Plant Biol, p. 1, vol. 13, (2010).
Published,  


Lin, J-Y., R.M Stupar, C. Hans, D.L. Hyten, and S.A. Jackson., "Structural and functional divergence of a 1-Mb duplicated region in the
soybean (Glycine max) genome and comparison to Phaseolus vulgaris.", Plant Cell, p. 2545, vol. 22, (2010). Published,  


Tian, Z., Wang, X., Lee, R. Li, Y., Specht, J.E., Nelson, R.L., McClean, P.E., Qiu, L., and Ma, J. 2010., "Artificial selection for determinate
growth habit in soybean.", Proc Nat'l. Acad. Sci. USA, p. 8563, vol. 107, (2010). Published,  


Dubey, A; Farmer, A; Schlueter, J; Cannon, SB; Abernathy, B; Tuteja, R; Woodward, J; Shah, T; Mulasmanovic, B; Kudapa, H; Raju, NL;
Gothalwal, R; Pande, S; Xiao, YL; Town, CD; Singh, NK; May, GD; Jackson, S; Varshney, RK, "Defining the Transcriptome Assembly and
Its Use for Genome Dynamics and Transcriptome Profiling Studies in Pigeonpea (Cajanus cajan L.)", DNA RESEARCH, p. 153, vol. 18,
(2011). Published, 10.1093/dnares/dsr00


Jackson, SA; Iwata, A; Lee, SH; Schmutz, J; Shoemaker, R, "Sequencing crop genomes: approaches and applicationsSequencing crop
genomes: approaches and applications", NEW PHYTOLOGIST, p. 915, vol. 191, (2011). Published, 10.1111/j.1469-8137.2011.03804.


Thudi, M., Y. Li, S.A. Jackson, G.D. May and R. Varshney., "Current state-of-art of sequencing technologies for plant genomics research.",
Briefings in Funct. Genomics, p. , vol. , (2012). Accepted,  


Doyle, JJ, "Phylogenetic Perspectives on the Origins of Nodulation", MOLECULAR PLANT-MICROBE INTERACTIONS, p. 1289, vol. 24,
(2011). Published, 10.1094/MPMI-05-11-011


Varshney, R.K., W. Chen, Y. Li,??A.K. Bharti,??RK Saxena, JA Schlueter, MT.A. Donoghue, S. Azam, G. Fan,??A.M. Whaley,??A. Farmer, R.
Tuetja,??R.V. Penmetsa, W. Wu, H. Upadhyaya, S-P. Yang,??T. Shah, K.B. Saxena,??E. Ward, T. Michael,??W. R. McCombie,??B., "Genome
sequence for pigeonpea.", Nature Biotech, p. , vol. , (2011). Published, 10.1038/nbt.2022


Books or Other One-time Publications


Doyle, J.J., "Polyploidy in Legumes.", (2012). Book, Accepted
Editor(s): D.E. Soltis and P.S. Soltis
Collection: Polyploidy
Bibliography: in press


Web/Internet Site


Other Specific Products


Contributions


Contributions within Discipline: 
 
Contributions to Other Disciplines: 
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Contributions to Human Resource Development: 
 
Contributions to Resources for Research and Education: 
 
Contributions Beyond Science and Engineering: 
 


Conference Proceedings


Special Requirements


Special reporting requirements: None


Change in Objectives or Scope: None


Animal, Human Subjects, Biohazards: None


Categories for which nothing is reported: 
Activities and Findings: Any Findings


Activities and Findings: Any Outreach Activities 


Any Web/Internet Site


Any Product


Contributions: To Any within Discipline


Contributions: To Any Other Disciplines


Contributions: To Any Human Resource Development


Contributions: To Any Resources for Research and Education


Contributions: To Any Beyond Science and Engineering


Any Conference







PRESENTATIONS 
 
Tian, Z., Wang, X., Lee, R., Li, Y., Specht, J.E., Nelson, R.L., McClean, P.E., Qiu, L.J., Ma, 
J.* Artificial selection for determinate growth habit in soybean. 13th Biennial Cellular 
and Molecular Biology of the Soybean Conference, August 8-11, 2010, Durham, NC. 
 
Du, J., Tian, Z., Hans, C., Laten, H., Jackson, S., Cannon, S. Shoemaker, R. Ma, 
J. 2010. Evolutionary dynamics of LTR-retrotransposons in flowering plants: new insights from 
genome-wide analysis and multi-specific comparison. Vth International Congress on Legume 
Genetics and Genomics, July 2-8, 2010, Pacific Grove, CA. 
 
 Du, J., Tian, Z., Hans, C., Laten, H., Jackson, S., Cannon, S. Shoemaker, R. Ma, 
J. 2010. Evolutionary dynamics of LTR-retrotransposons in flowering plants. 13th Biennial 
Cellular and Molecular Biology of the Soybean Conference, August 8-11, 2010, Durham, NC. 
 
Tian, Z., Wang, X., Lee, R., Li, Y., Specht, J.E., Nelson, R.L., McClean, P.E., Qiu, L.J., Ma, 
J. Translational genomics for soybean domestication and diversification. 41st Annual 
Symposium of the Korean Society of Breeding Science, July 8-9, 2010, Daejeon, Korea. 
 
Jackson, S.A. 2010. Genomic exploration of diversity in the genus Glycine (soybean) and related crop 
legumes. Genomics of Plant Genetic Resources. Bologna, Italy. April 2010 
 
Jackson, S.A. 2010. Soybean functional genomics. VIth International Congress on Legume Genetics and 
Genomics. Asilomar, CA. July 2010. 
 
Jackson, S.A. 2010. Genomics for genome evolution and crop improvement in Legumes. OzBio 2010: 
The molecules of life-from discovery to biotechnology. Melbourne, Australia. 
 
Jackson, S.A. 2010. Recurrent polyploidy in legumes. 2010. Plant Biology Department. University of 
Minnesota. St. Paul, MN. 
 
Jackson, S.A. 2010.  Sequencing plant genomes. 2010. HudsonAlpha Institute for Biotechnology, 
University of Alabama, Huntsville, AL. 
 
Jackson, S.A. 2010. Using genomics for soybean improvement. 2010. DC Smith Memorial Lectureship. 
University of Wisconsin-Madison, WI. 
 
Jackson, S.A. 2010. Agricultural Genomics. 2010. Agricultural College of the Armed Forces. West 
Lafayette, IN. 
 
Jackson, S.A. 2010. Utilizing the soybean genome for improvement. 2010. Department of Agronomy. 
Kansas State Univ., KS. 
 
Jackson, S.A. 2010. Next generation sequencing: application in soybean improvement. 2010. AEIC 
Biotech. Gastonia, NC. 
 







Jackson, S.A. 2010. Genomics to improve legumes, here and around the world. 2010. Danforth Center 
for Plant Sciences. St. Louis, MO. 
 
Jackson, S.A. 2010. Next Generation sequencing in crop legumes: a focus on developing countries. 
2010. CSSA meetings. Long Beach, CA. 
 







Sequence analysis and databasing of diversity data: BAC-end sequences (BESs) from all 
species in the study were aligned to the G. max 'Williams' (Gmw) reference genome 
(Table 2). The use of paired BES enables more stringent placement of the sequences 
against the reference genome, with the assumption that most BACs have insert sizes 
between about 40 and 250 kb. 


The BAC insert sizes all have median relative sizes (i.e. sizes with respect to Gmw) of 
between 124 kb and 146 kb, with standard deviations of between 41 kb and 77 kb (Table 
3 and Figure “Fig_BES_sizes”). The two moderate outliers are G. soja, with median 
relative insert size of 146 kb, and G. syndetika, with median relative insert size of 141 kb; 
all others range from 124 to 134 kb. 


From these comparisons alone, we can't tell whether any of the genomes have expanded 
or contracted relative to Gmw; however, BAC preparation protocols were similar in each 
case. If a comparison genome had undergone even expansion (for example, through 
insertion of retrotransposons), this would be evident as smaller insert sizes when the BES 
are mapped into the G. max reference. Taking the G. soja BAC insert sizes as surrogates 
for G. max, the insert sizes for the other species are all smaller, ranging from 85.5% of G. 
soja/max for G. tomentella and G. cyrtoloba, to 96.6% for G. syndetika. We see no 
consistent relationships, however, between these relative insert sizes, and the estimated 
genome sizes (Table 3, “BAC insert sizes relative to G. max 'Williams'”). For example, 
G. cyrtoloba has the smallest estimated genome size, at 803 Mbp; but the median insert 
size relative to G. max is 124 kb -- which might suggest expansion of G. cyrtoloba 
relative to G. max. Alternatively, the relative insert size differences may be primarily due 
to differences in BAC library construction. It is also possible that the insert size 
differences reflect genomic expansions in the comparison genomes -- but that the genome 
size changes are due primarily to differences in the pericentromeric regions, where BES 
pairs are more difficult to uniquely align against G. max. For example, it is possible that 
G. cyrtoloba has generally expanded in euchromatic regions, giving apparently 
foreshortened BES alignments relative to G. max; but that the genome has shrunken due 
to loss of pericentromeric DNA. 


Mappings of BES pairs from each species also highlight rearrangements that have 
occurred in various Glycine lineages. When BES pairs map unambiguously to the Gmw 
reference, but occur in unexpected orientations or with major deviations from expected 







insert sizes, this suggest either relative expansions, contractions, or rearrangements in the 
reference or comparison genomes. 


These probable structural changes can be visualized in a genome browser in which the 
BES mappings are coded to display mapping and orientation characteristics. All of the 
BES mappings for this project are included as features in the SoyBase GBrowse instance, 
at http://soybase.org/gb2/gbrowse . 


As noted in the above URL the SoyMap2 Diversity Browser also was upgraded from 
GBrowse 1 to GBrowse 2 to improve both the performance and look-and-feel of the 
browser, as well as to allow the use of different data formats that facilitate the display of 
large data sets.  `454’ alignments for G. syndetika and BES alignments for G. stenophita 
and G. canescens were added, and existing BES alignment tracks were updated using 
new alignment-filtering and mate-pairing algorithms to display additional alignments and 
mate pairs. Any resulting non-unique alignments, abnormally-close mate pairs, or aligned 
BESs with mates on a different chromosome were visually flagged. Abnormally-distant 
mate pairs were separated into a different track for each species. 


CoPI Schlueter has been doing targeted assemblies, "mini-assemblies" seeded by the 
soybean genes to try and get high quality assemblies targeting genic regions from G. 
syndetika. From that they will continue comparative evolutionary analysis between the 
two genomes. 
 
JIanxin Ma has done extensive structural comparison between G. max and G. soja 
suggests that rapid reshuffling of duplicated chromosomal segments and change of 
chromatin statuses (e.g., switches from chromosomal arms to pericentromeric regions or 
vice versa after WGD events) are largely responsible for differential/biased divergence, 
expression and retention of duplicated genes in soybean.  This was recently published in 
The Plant Cell. 


Transcriptome data (from Cregan lab) were used to reconstruct a phylogeny for the six 
SoyMap2 diploid species and soybean based on around 450,000 variable nucleotide 
positions (SNPs). The data were explored for evidence of incongruence with the 
dominant phylogenetic signal and the various sources tabulated and explored (e.g., long 
branch attraction, lineage sorting, introgression). A paper is in preparation. 
 
Genome skim data from low coverage 454 sequencing for two diploid species (G. 
tomentella D3, G. syndetika, and G. dolichocarpa). Reads were assembled using G. max 
scaffolds of chloroplast, mitochondrial and nuclear ribosomal DNA. De novo assembly 
of remaining reads resulted in tens of thousands of contigs. Contig consensus sequences 
were used in Tandem Repeat Database to look for possible centromeric repeat. G. 
tomentella D3 chromosome spreads were used for FISH and both candidates hybridized 
equally across the genome, and so are not centromeric heterochromatin repeats. 
Transposon candidates are now being explored. 







 
Unreduced gamete formation, which involves disruption of normal meiosis, is an 
important topic in understanding the evolution of polyploidy. Investigation of four 
meiotic candidate genes in Glycine max has determined that these genes do not share the 
same pattern of gene retention following genome duplication. Of four possible 
homoeologous copies resulting from the ca. 15 million and 50 million year duplication 
events, two genes retain four copies (PARALLEL SPINDLE and JASON), one gene 
retains three (SWITCH) and the fourth has two (OMISSION OF SECOND DIVISION). 
This suggests that these genes in Glycine are not duplication-resistant as has been 
suggested for cell cycle and meiotic genes. In an effort to determine if the perennial 
Glycine species have the same pattern of gene retention as soybean, homoeologue 
specific primers have been designed. To date the most complete datasets are for OSD and 
PS. An interesting finding in OSD is that the homoeologue on soybean chromosome 19 
does not amplify from G. cytroloba  while both homoeologues have amplified from the 
remainder of the SoyMap2 perennial taxa. For PS there is evidence of gene conversion 
between the first exons of homoeologues on chromosomes 2 and 16. SWITCH and 
JASON primers, designed by undergraduates, have been tested in seven G. max 
accessions, one G. soja and the seven perennial Glycine accessions representing the 
different genome groups. In collaboration with others, functional assays are underway.  
 
The A-genome group of species (which includes SoyMap2 species G. canescens and G. 
syndetika) have been studied for diversity, population structure, and phylogenetic 
relationships using several nuclear genes. 


The first research objective at the Univ. of MD/USDA, Beltsville is to select and analyze 
sequence diversity in a set of 50 or more orthologous genes among the two annual 
Glycine species, Glycine max and G. soja, and the six perennial Glycine species G. 
canescens, G. cyrtoloba, G. syndetika, G. falcata, G. stenophita, and G. tomentella 
(2n=40).  mRNA was extracted from tissue of leaf, root and pod of the six perennial 
species as well as G. max and G. soja followed by cDNA synthesis.  The cDNA was 
fragmented using a DNA fragmentase (New England Biolabs) followed by size selection 
to isolate fragments in the 350 to 450 bp size range.  The cDNA samples were end 
repaired and an A nucleotide was added to the 3’ ends of the fragments and indexed 
adaptors were ligated to the fragment ends.  Within each species the indexes were used to 
distinguish leaf, root, and pod. The cDNAs from the different tissues of each species 
were combined to obtain equimolar concentrations and run on the Illumina Genome 
Analyzer.  


Approximately, 3 billion bp of cDNA sequence based on 115 bp paired-end reads were 
obtained for pooled cDNA of the eight species.  Sequence contigs were aligned to the 
soybean genome sequence to identify orthologs.  Species specific PCR primers were 
designed to amplify each set of orthologous loci, except in the case of G. max and G. soja 







which can be amplified using the same primer pairs. 76 out of 296 sets of primers 
amplified orthologous genes from at least 6 of 8 species.  These 76 sets of species-
specific primers were used to amplify genomic DNA of 12 genotypes of each of the 
perennial and annual species.  In the case of the amplification from the genomic DNA of 
G. tomentella (2n=40) and G. stenophita (2n=40) two products were amplified which was 
the result of amplification from paralogous loci suggesting that some of the accessions of 
G. tomentella and G. stenophita actually possess 80 chromosomes, not 40.  It was 
determined that four of the G. tomentella and seven of the G. stenophita accessions have 
80 chromosomes.  These accessions were replaced with 40 chromosome accessions. The 
94 indexed DNA pools were combined and analyzed in a single lane of an Illumina flow 
cell and the 94 indexes were used to distinguish the sequence from each accession of the 
eight species.  The resulting sequence data are currently being analyzed to estimate 
genetic diversity of the two annual and the six perennial Glycine species based on the 76 
sets of the orthologous genes.   
 
Based on the recommendation of the SAB in year one, whole transcriptome analysis of 
root tissue is being completed in order to obtain a more comprehensive estimation of the 
genetic diversity of the annual and perennial soybean species.  Root tissue was used to 
reduce sequencing bias toward highly expressed genes. The size selected DNA fragments 
were used for sequence analysis on the Illumina Genome Analyzer using paired-end 
sequence analysis.  The resulting sequences of the root transcriptome of each accession 
will be assembled to obtain contigs and all assembled contigs among the12 accessions of 
each species will be aligned to estimate the genetic diversity of the perennial species and 
annual species.   
 
The second research objective is the estimation of linkage disequilibrium (LD) in six 
regions of approximately 300 Kbp in length and their homeologues in annual soybean (G. 
max and G. soja), as well as in the six perennial Glycine species.  The six regions were 
selected based upon the presence of important disease resistance, seed composition or 
plant morphological traits in G. max. In the case of annual soybean, the Williams 82 
whole genome sequence was used to select PCR primers at approximately 10 Kbp 
intervals across the 12 regions.  A total of 371 primers sets were designed using Primer3 
with ePCR to maximize locus-specific amplification (table 2). The resulting fragment 
mixtures were run on the Illumina Genome Analyzer to obtain 115 bp paired-end reads. 
The sequence reads were assembled to produce contigs and all contigs among the 24 G. 
max and the 24 G. soja accessions were aligned to detect SNPs.  The resulting alignments 
and SNP analysis detected a total of 2,750 SNPs spanning 221.8 Kbp of the six targeted 
genome regions and their homeologous regions.  Of these SNP markers, 1,784 (64.9%) 
had a minor allele frequency > 0.1. and of these, 1,352 SNPs were genotyped in more 
than 50% of genotypes used for the LD estimation.  Preliminary estimates of sequence 
diversity (θ) were determined and levles of LD (D’ and r2) in the six targeted regions and 
their homeologues regions were estimated in G. max and G. soja.  
 
Anticipated levels of sequence diversity were present in G. soja, with a mean diversity of 
θ = 0.0031 or about 3 SNPs per Kbp (Table 2).  The sequence variation in the 12 regions 
ranged from θ=0.0020 to θ=0.0047.  In G. max the mean diversity (θ=0.0015) was half 







that of G. soja which is in agreement with previous comparisons of cultivated and wild 
soybean sequence diversity (Hyten et al. 2006).  However, in G. max there were four 
regions on Gm03, Gm10, Gm11 and Gm20 with severely reduced sequence diversity.  
The mean diversity of these regions (θ=0.0004) was extremely low and indicative of a 
selective sweep associated with soybean domestication.  In these instances it was not 
possible to obtain reliable estimates of linkage disequilibrium.  The level of LD was 
determined in the remaining 8 regions of G. max and for the12 regions in G. soja (Table 
2).  As anticipated based upon previous analyses (Hyten et al. 2007), LD was greater in 
G. max as measured by either D’ and r2.  The mean LD at 300 kpb as measured by r2 
declined to a value of 0.048 in G. soja but was at 0.16 in G. max.  A typical example of 
the reduced LD in G. soja versus G. max is illustrated by the plots of D’ and r2 on 
physical distance in the homeologous regions on Gm07 and Gm13 (Fig. 1).    







Table 1.  Cultivated (Glycine max), wild soybean (Glycine soja), and 6 perennial soybean 
species used in the DNA sequence diversity of orthologous gene sets 


Soybean species USDA strain 
Designation  G number Soybean species USDA strain 


Designation  
G 


number 
Glycine max PI603318 Glycine canescens PI446934 G1232 
Glycine max PI603424A Glycine canescens PI446938  G1240 
Glycine max PI603357 Glycine canescens PI573044  G1245 
Glycine max PI567293 Glycine canescens PI483191  G1249 
Glycine max PI603756 Glycine canescens PI399478  G1339 
Glycine max PI399043 Glycine canescens PI440930  G1851 
Glycine max PI567700 Glycine canescens PI440931  G1852 
Glycine max PI567395 Glycine canescens PI509459  G1966 
Glycine max PI588047 Glycine canescens PI583943  G2191 
Glycine max PI594773 Glycine canescens PI591574  G2351 
Glycine max PI587752 Glycine canescens PI546959  G2352 
Glycine max PI097094 Glycine canescens PI573043  G2353 
Glycine soja PI458536 Glycine  cyrtoloba no PI G3165 
Glycine soja PI458538 Glycine cyrtoloba no PI G1267 
Glycine soja PI407288 Glycine cyrtoloba PI599405  G1465 







Glycine soja PI447004 Glycine cyrtoloba PI599407  G1623 
Glycine soja PI407275 Glycine cyrtoloba PI505174  G1832 
Glycine soja PI468400A Glycine cyrtoloba PI505176  G1834 
Glycine soja PI407027 Glycine cyrtoloba no PI G1835 
Glycine soja PI407301 Glycine cyrtoloba PI505169  G1837 
Glycine soja PI407282 Glycine cyrtoloba PI505171  G1841 
Glycine soja PI518282 Glycine cyrtoloba PI595815  G2489 
Glycine soja PI407140 Glycine cyrtoloba PI499924  G2618 
Glycine soja PI393551 Glycine cyrtoloba no PI G3127 


Glycine falcata PI653460  G2081 Glycine tomentella PI446995 G1366 
Glycine falcata PI653462  G2088 Glycine tomentella PI573079 G1407 
Glycine falcata PI440975  G1153 Glycine tomentella PI653467 G1419 
Glycine falcata PI505180  G1825 Glycine tomentella PI505260 G1746 
Glycine falcata PI499914 G2045 Glycine tomentella PI505222 G1749 
Glycine falcata PI509475  G2086 Glycine tomentella PI505241 G1767 
Glycine falcata no PI G2441 Glycine tomentella PI505229 G1799 
Glycine falcata PI612231  G2649 Glycine tomentella PI604474 G2040 
Glycine falcata PI612236  G2656 Glycine tomentella no PI G2076 
Glycine falcata PI612237  G2657 Glycine tomentella no PI G2472 
Glycine falcata no PI G2719 Glycine tomentella no PI G2487 
Glycine falcata PI612197  G3019 Glycine tomentella PI604484 G2586 


Glycine stenophita PI440989 G1106 Glycine syndetika PI563899 G2321 
Glycine stenophita no PI G1494 Glycine syndetika PI573076 G2073 
Glycine stenophita no PI G1502 Glycine syndetika PI573074 G1410 
Glycine stenophita no PI G1510 Glycine syndetika PI505252 G1777 
Glycine stenophita no PI G1974 Glycine syndetika PI441000 G1300 
Glycine stenophita PI546980 G2180 Glycine syndetika no PI G1772 
Glycine stenophita PI546986 G2189 Glycine syndetika no PI G1780 
Glycine stenophita PI546987 G2190 Glycine syndetika no PI G1784 
Glycine stenophita PI547009 G2223 Glycine syndetika no PI G2471 
Glycine stenophita PI547012 G2227 Glycine syndetika no PI G2724 
Glycine stenophita PI547015 G2233 Glycine syndetika TBD 
Glycine stenophita PI378705 G2600  Glycine syndetika TBD    
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Accomplishments
* What are the major goals of the project?


The goals of the projec to leverage diversity in soybean are:


First, overlay diversity maps onto the soybean sequence map—genetic diversity is a highly constraining factor in soybean
and may, in fact, be one of the reasons that yield gains have been practically stagnant relative to other crops, such as
maize. Genetic diversity is also important for genetic analysis of traits and pathways, which in turn, is necessary to begin
to functionally annotate the soybean genome. We will develop genomic tools in both annual and perennial Glycine
species that will allow researchers to capitalize on available, naturally occurring genetic diversity for basic and applied
genetics of soybean.
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Major Activities:


Second, develop tools for transferring and tracking of useful diversity—genetic variation, of which there is little in
soybean, is important for plant improvement and genetic/genomics dissection of traits/processes. Thus one goal is to
develop tools/methodologies (linkage disequilibrium studies) to utilize genetically variable genomic segments and to
precisely track that variation.


Third, integrate with other legumes—to capitalize on the soybean genome. It is necessary to extend its usefulness to
other so-called ‘orphan’ legumes such as common bean (included in this proposal). However, this is not unidirectional as
benefits flow back to soybean as well.


Fourth, understand the role of polyploidy in the evolution of this species and more generally for plant and crop evolution.
Soybean and its relatives present a unique view of neopolyploidy and diploidization (the most recent events are only
50,000 years old!). 


* What was accomplished under these goals (you must provide information for at least one of the 4
categories below)?


Our major activites have been focused around the specific objectives.  During the last
year we had an advisory board meeting (report sent by email to Dr. Okamuro) that was
generally positive but did have two significant suggestions:


1) focus on a single perennial and develop the genomic resources so that it will be most
useful to the community.  We are working on this and will be contacting the program
officers separate to discuss our plans to address this.


2) Michael Gonzales needs to work on a long-range personal development plan.  We
have discussed this with Michael and he has contacted NSF and ASPB about potential
activites that would build on his/our investment in the New Mexico college system and
would add value to other projects and societies.


toward SoyMap Diversity Browser and data accessibility:
There are several objectives in the SoyMap2 project related to making the project data
accessible and useable both within the project and to the general public. All raw and
processed BAC-end sequence data sets and associated data in the project (genomic
mappings, statistics, etc.) have been made available here:
  http://soybase.org/data_distribution/soymap/. Whole-genome shotgun assemblies,
and target-region assemblies, which are both in-progress, have not yet been made
publicly available, but will be upon completion and following a reasonable time for
assessment and description. The mappings of the SoyMap BAC-end sequences onto
the reference genome (Glycine max variety 'Williams') are also accessible for
exploration and querying within the SoyBase genome browser
here: http://www.soybase.org/gb2/gbrowse . The "SoyMap2 Diversity Browser" tracks
can be turned on in the genome browser's "Select Tracks" tab; an example view is
here: http://bit.ly/TL8xn7 . Tracks have been configured to assist with selection of BACs
for sequencing from the 12 target regions, and also to show probable genomic
rearrangements at both small and large scales in either the reference (Glycine max) or
resequenced/perennial genomes. Tracks configured to show potential large-scale
rearrangements require that the paired BAC ends align exactly once on the same
chromosome, at a distance of at least 500,000 bases. We have used this information
both to identify likely reference-genome assembly errors (which are being corrected by
the Hudson-Alpha group for release in a new soybean assembly version in 2013), as
well as probable biological rearrangements. An assembly error in the reference
genome is indicated by long paired BAC ends here: http://bit.ly/sTDrr9 . For selection of
BACs from the target region, paired, non-repetitive, near-identical BAC ends are
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Specific Objectives:


preferred; but as this is genomic sequence, repetitive and divergent and non-paired
sequences are common. We have therefore experimented with mapping parameters
and methods, and present two mappings that have useful characteristics. We have also
aligned whole-genome shotgun assemblies for each of the SoyMap genomes onto the
reference genome, and are using these for improvement and extension of the clone-
based target region assemblies.


Progress toward the estimation of genetic diversity of the two annual Glycine
species, G. max and G. soja, and the six perennial Glycine species, G. canescens, G.
cyrtoloba, G. falcata, G. stenophita, G. syndetika, and G. tomentella (2n=40). 


Based on a transcriptome analysis of the 8 species, a total of 296 orthologous gene
sets were identified.  In all cases each of the eight species contained an ortholog to
which PCR primers were designed for a total of 296 sets of the species-specific
primers.  Of these, 76 primer sets were identified which could amplify a single locus
from at least six species.  The 76 primer sets were used to amplify a corresponding
fragment of 12 accessions of each species.  In the annual soybean, the 76 genes were
located on 19 of the 20 soybean chromosomes.  The amplicons from the 12 accessions
of the same species were indexed with 12 different adopters and combined for
sequence analysis on the Illumina Genome Analyzer.  The total length of the
orthologous sequence of the 76 gene fragments ranged from 38.4 to 44.6 Kbp (Table
1).  A mean nucleotide diversity (ϴ) of G. max (0.00140) was a little more than half that
of G. soja (0.00240) which is in agreement with the previous report by Hyten et al.
(Hyten et al. 2006).  The perennial Glycine species had a wide range of a genetic
diversity from ϴ = 0.00160 (G. tomentella) to 0.00430 (G. canescens) (Table 1).  All the
perennial species had a higher nucleotide diversity than that in G. max.  However, G.
tomentella (ϴ=0.00160) had only slightly higher diversity than that in G.
max (ϴ=0.00140).  All the perennial Glycine accessions were selected based upon a
broad range of geographical origins in Australia with the intention of sampling the
broadest possible range of genetic types for the estimation of a genetic diversity.  Of all
the perennial species, G. canescens is the species which is found in the widest range
of environments across Australia while other species have more localized origins.  As
would be expected by its broad geographical origins, G. canescens showed the highest
nucleotide diversity (ϴ=0.00430) which is approximately twice of that of G. soja. 


Table 1. Nucleotide diversity of 76 genes of the eight Glycine species


Species Number of accessions
analyzed


Total length of analyzed
sequence (bp)


 


 


π


 


 


ϴ


G. soja 12 41,117 0.00176 0.00240


G. max 12 40,729 0.00098 0.00140


G.
canescens


12 44,561 0.00341 0.00430


G.
cyrtoloba


11 38,735 0.00287 0.00380


G. falcata 12 38,410 0.00177 0.00280







Significant Results:


Key outcomes or Other
achievements:


G.
stenophita


12 41,276 0.00142 0.00340


G.
syndetika


10 43,170 0.00276 0.00320


G.
tomentella


11 42,148 0.00110 0.00160


            The second goal of the project was the estimation of Linkage Disequilibrium
(LD) in six regions of approximately 300 Kbp in length and their homeologous regions
in the two annual species G. max and G. soja and in the perennial species.  The six
regions were selected based on the presence of important disease resistance, seed
composition, or plant morphological traits.  The traits associated with each region were
the Isoflavone synthase gene on Gm07 and its homeologous on Gm13, the Dt1 region
on Gm19 and its homeolog on Gm03, the homeologous regions on Gm15 and Gm08,
the Rhg1 region on Gm18 and its homeologous on Gm11, the Rpp4 region on Gm18
and its homeolog on Gm09 and the seed protein QTL region on Gm20 and its
homeolog on Gm10.  Of the six target regions, the widely studied seed protein QTL that
was originally thought to be present in the 300 Kbp region from 32.2 to 32.5 Mbp on
Gm20 was of particular interest.  Based on our most recent data, the candidate region
containing this major seed protein gene associated with soybean domestication is in
the 27.6 to 30.0 Mbp region on Gm20.  Nucleotide diversity in this region was extremely
low in G. max and all the markers within this region were in complete LD as indicated
by D’ and showed relatively high r2 values (Figure 1, supplied on request) supporting
that this region has been under selection during domestication. 


Progress toward evolutionary understanding of Genus Glycine  


Complete chloroplast sequences were used to reconstruct a chloroplast phylogeny for
the seven SoyMap2 perennial species. The data confirm the incongruence detected in
previously generated chloroplast and nuclear phylogenies. Complete plastome
sequences give us the ability to find additional, more variable regions of the chloroplast
to use for dissection of members of the Glycine subgenus Glycine polyploid complex.
The most variable regions flank the 51 kb inversion and these regions include genes
that are also present in the nucleus detected by comparing chloroplast sequences with
the soybean genome sequence. A paper is in preparation.


Genome skim data from low coverage 454 sequencing for two diploid species (G.
tomentella D3, G. syndetika, and G. dolichocarpa) have been analyzed using cluster
analysis in collaboration with Petr Novak.  Clusters have been manually annotated and
transposable element composition will be summarized. Several clusters have been
identified as species specific and make good candidates as probes for flourescent in
situ hybridization to distinguish progenitor chromosomes in the allopolyploid. Two
clusters are species specific simple repeats, but similar to other methods we have used
to uncover potential centromeric repeats, these sequences have repeat patterns
shorter than the canonical length for centromeric repeats and the copy number does
not suggest they are centromeric repeats.  A paper is in preparation.
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* What opportunities for training and professional development has the project provided?


The SoyMap project has been focused on recruiting motivated, undergraduate students for summer research internships and
promoting plant bioinformatics and genomics for over seven years. Building on lessons learned, the SoyMap outreach
program has been successful because of its effort to build relationships with minority programs and institutions, building
community trust, and its commitment to listen, learn and adapt to the needs of the minority groups it serves. Although the
SoyMap outreach program has provided many students and mentors from the New Mexico area opportunities to gain
knowledge and experience with biological research not often found in the area, the program has encountered its share of
challenges. The minority outreach landscape is continuously changing and more students are reluctant to relocate for the
summer. There are also many more non-traditional students (older students with children), and many more summer
programs competing for students to participate in outreach programs. The interests of the students have also changed and
students are now considering summer programs that offer credit over money. For many other students, they lack the basic
understanding of genomics and bioinformatics and are intimidated by the science. In an effort to circumvent and address
these issues as well as expose more students to research, the SoyMap II outreach team re-focused its efforts to work with
the University of New Mexico Gallup (UNM Gallup) to develop on-site bioinformatics and genomics opportunities. The
summer internship model of outreach was changed to bring the mentor to the student. Instruction was to be carried out by
SoyMap investigators and personnel who would travel to UNM Gallup to interact with students, provide face-to-face
instruction and hands-on examples to prepare and motivate students to apply for summer research opportunities.







Unfortunately, many new obstacles were encountered such as a lack of support from administration and faculty and the class
was dropped. However, SoyMap’s reputation of working with minority groups in New Mexico and surrounding areas caught
the attention of the American Society of Plant Biology Minority Affairs Committee (ASPB MAC). In the fall of 2012, SoyMap
assisted ASPB in planning and hosting a professional development workshop in Albuquerque, NM.  SoyMap was able to
recruit close to one hundred attendees from over twenty-five minority serving institutions. In addition to planning the meeting,
SoyMap also provided a plenary speaker from the group (Dr. Michelle Graham- USDA –ARS)  and hosted a hands-on
workshop that encouraged students and mentors to extract DNA, run a PCR experiment, set up and run an electrophoresis
gel and attempt some bioinformatics examples. The short hands-on workshop gave students and mentors a chance to try
experiments but also helped break social and intimidation barriers. The workshop was a huge success and many students
and mentors have already inquired and applied for the SoyMap summer program for 2013.  The SoyMap team expects to
continue putting on short hands-on workshops in addition to continuing to recruit for summer internships. The SoyMap
outreach program will also continue its efforts building and expanding relationships with the Native American and Hispanic
communities of New Mexico, Texas, Arizona and Colorado. As part of SoyMap outreach activities, a number of minority
serving institutions in the southwest will be visited to promote awareness and understanding of our project in person. A
number of institutional, program and email lists will also be contacted and utilized to advertise summer research positions as
well as via SoyMap’s updated website (http://www.soymap.org/outreach). SoyMap plans to update their web presence by
using social media to promote summer programs, workshops and interesting topics related to SoyMap. SoyMap will also
continue to work with societies such as ASPB and will attend and recruit students from annual minority science meetings
(SACNAS: Society for the Advancement of Chicanos and Native Americans in Science, AISES: American Indian Science and
Engineering Society, and ABRCMS: Annual Biomedical Research Conference for Minority Students).


* How have the results been disseminated to communities of interest?


Information and data has been disseminated in three ways:


1) via publications in peer-reviewed journals (listed in report)


2) via presentations at national and international meetings, and at soybean-specific meetings such as the Biannual Molecular
and Cellular Biology of Soybean Meeting (held in Des Moines, IA in 2012).


3) via public databases such as the community database, www.soybase.org, and raw sequences through GenBank, NCBI.


* What do you plan to do during the next reporting period to accomplish the goals?


We will continue progress toward accomplishment of goals, cleaning data for public releast and responding to the SAB report
which suggested that we focus on a single perennial species and provide a better genome representation for that speceis.
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What is the impact on society beyond science and technology?
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Changes/Problems


Changes in approach and reason for change
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