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THE 59" ANNUAL REPORT OF THE BEAN IMPROVEMENT COOPERATIVE

The Bean Improvement Cooperative (BIC) celebrated the twenty-eighth Biennial Meeting in
Niagara Falls, Ontario. This BIC meeting had 154 registrants including participants from Africa,
Asia, Europe, Mexico, and Central & South America which contributed to a vibrant and exciting
atmosphere. The meeting began with the Frazier-Zaumeyer Distinguished Lectureship ‘From
Phaseolin to SNPs: Genetic Diversity of Common Bean and Application to Breeding’ which was
presented by Dr. Paul Gepts, Professor, Bean Geneticist and Evolutionary Crop Biologist, at UC-
Davis. This lectureship kicked off the symposium ‘Applied Bean Genomics’ which highlighted the
exciting and innovative genomic research the bean community is conducting. The meeting ended
with the session ‘Bean Nutritional Quality and Effects on Human Health’ with topics ranging from
seed mineral and dietary fiber concentrations in beans to effects of bean on reducing colitis-
associated tissue damage. Overall there were 43 oral and 71 poster presentations.

The meeting received generous support from numerous donors - Platinum: ADM Edible
Bean Specialties Inc., Applied Bean Genomics Project, Hensall District Cooperative, Ontario
Bean Growers, Thompsons Ltd., Syngenta; Gold: Alberta Pulse Growers Association, Bayer
Crop Science, Saskatchewan Pulse Growers Association, Seminis; Silver: ProVita Inc., Plant
Agriculture Department, University of Guelph; Bronze: Crites Seed Inc., Pure Line Seeds Ltd.,
Seneca Foods Corp., Treasure Valley Seeds, and Trinidad Benham Corp. On behalf of the BIC, 1
wish to acknowledge the substantial role of the organizing committee, Peter Pauls, Greg Perry,
Chris Gillard, Tom Smith, and staff, and would like to thank them, the sponsors and the
participants for making the meeting a success.

At the Awards Banquet, the Frazier-Zaumeyer Lecturer was recognized, and Distinguished
Achievement Awards were presented to Dr. Karen Cichy and Dr. Juan Osorno. Six graduate
student awards were presented for the best oral (three) and poster (three) presentations, and
travel awards were presented to 12 graduate students.

The BIC Coordinating Committee directed the President to: 1) continue to set more stringent
publication standards, and ii) move toward an electric online version for the annual report by
establishing a password-protected CD version on the BIC website and to enable book publishing
by a third party for members interested in receiving a hard copy. BIC Coordinating Committee
changes included Dr. Karen Cichy replacing Dr. Talo Pastor-Corrales as the USDA-ARS
representative; Dr. Jennifer Trapp filling the Industry Representative positon vacated by Dr. Ron
Riley after 20 years of service, and Dr. Thiago Souza accepting the International Representative
positon vacated by Dr. Antonio de Ron after 18 years of service. Dr. James Myers replaces Dr.
Steve Noffsinger on the BIC Awards Committee. Dr. Kirsten Bett continues to chair the BIC
Genetics Committee. The BIC community applauds this service which contributes to sustained
success of the organization.

The next BIC Biennial Meeting is planned for East Lansing, MI in October/November 2017.
The local organizing committee consists of James Kelly, Karen Cichy, Greg Varner, and Martin
Chilvers. As the 2017 BIC meeting approaches, details will be posted on the BIC Web page
www.css.msu.edu/bic.

Wishing you a successful year .............

Dr. Phillip Miklas, BIC President



BIC COMMITTEE MEMBERSHIP - 1957 TO 2016

Coordinating Committee (approximate year of appointment):

1957 Dean, Enzie, Frazier* (BIC Coordinator/President), McCabe, Zaumeyer

1960  Anderson, Atkin, Dean, Enzie, Frazier, McCabe, Zaumeyer

1962  Anderson, Atkin, Dean, Frazier, Pierce, Polzak, Zaumeyer

1968  Anderson, Coyne, Dean, Jorgensen, Polzak, Zaumeyer

1971  Briggs, Coyne, Dean, Jorgensen, Polzak, Zaumeyer

1972 Burke, Coyne, Dean, Jorgensen, Kiely, Polzak, Zaumeyer

1974  Ballantyne, Bravo, Burke, Coyne, Dickson, Emery, Evans, Kiely, Saettler, Zaumeyer

1977 Ballantyne, Bliss, Coyne, Dickson, Emery, Evans, Graham, Meiners, Morris, Saettler, Zaumeyer
1978 Atkin, Ballantyne, Bliss, Coyne, Dickson, Graham, Meiners, Motris, Saettler, Sprague

1979 Atkin, Bliss, Dickson, Graham, Hagedorn, Meiners, Morris, Sprague, Wallace

1980  Atkin, Bliss, Dickson, Hagedorn, Morris, Sprague, Steadman, Temple, Wallace

1982 Atkin, Coyne, Dickson, Hagedorn, Sprague, Steadman, Temple, Wallace, Wyatt

1983  Coyne, Dickson, Hagedorn, Saettler, Silbernagel, Steadman, Temple, Wallace, Wyatt

1985  Coyne, Dickson, Mok, Saettler, Silbernagel, Steadman, Temple, Wallace, Wyatt

1986  Coyne, Dickson, Mok, Saettler, Schoonhoven, Schwartz, Silbernagel, Steadman, Wallace

1988  Brick, Dickson, Emery, Magnuson, Roos, Schwartz, Singh, Steadman, Uebersax

1992  Dickson, Emery, Grafton, Magnuson, Schwartz, Singh, Stavely, Steadman, Uebersax

1994  Antonius, Dickson, Grafton, Magnuson, Park, Schwartz, Singh, Stavely, Uebersax

1996  Antonius, Grafton, Park, Schwartz, Singh, Stavely, Myers, Kotch, Miklas, Riley

1998 Antonius, Park, Schwartz (ex officio), Singh, Myers, Kotch, Miklas, Riley, Beaver, Vandenberg, Kelly
2000  Antonius, Beaver, Kelly, Kotch, Miklas, Myers, Park, Riley, Schwartz, Singh, Vandenberg

2001 Antonius, Beaver, Kelly, Kotch, Miklas, Myers, Park, Riley, de Ron, Schwartz, Vandenberg

2003 Beaver, Kelly, Kmiecik, Kurowski, Miklas, Myers, Park, Riley, de Ron, Schwartz, Vandenberg
2007 Beaver, Kelly, Kmiecik, Miklas, Myers, Park, Riley, de Ron, Schwartz , Shellenberger, Vandenberg
2008  Beaver, Kelly, Kmiecik, Miklas, Myers, Pauls, Riley, de Ron, Schwartz , Shellenberger, Vandenberg
2010  Beaver, Kelly, Kmiecik, Miklas, Myers, Pauls, Riley, de Ron, Schwartz , Shellenberger, Vandenberg
2011  Bett, Kelly, Kmiecik, Miklas, Myers, Osorno, Pastor-Corrales, Pauls, Riley, de Ron, Wahlquist
2016  Bett, Cichy, Kelly, Kmiecik, Miklas, Myers, Osorno, Pauls, Souza, Trapp, Wahlquist

Awards Committee:

1971  Baggett, Briggs, Burke, Dean, Wallace 1989  Coyne, Silbernagel, Wallace
1973 Burke, Dean, Mauth, Zaumeyer 1995 Coyne, Dickson, Stavely

1975  Ballantyne, Frazier, Mauth 1997  Coyne, Schwartz, Stavely
1977 Ballantyne, Curme, Frazier, Schuster 2001 Hosfield, Magnuson, Schwartz
1979 Ballantyne, Schuster, Silbernagel, Temple 2004  Hosfield, Schwartz, Singh
1981 Abawi, Bliss, Monis, Silbernagel 2008 Hosfield, Schwartz, Singh
1983 Adams, Bliss, Burke, Dean, Morris 2012 Noffsinger, Schwartz, Singh
1985 Emery, Hagedorn, Sandsted, Schwartz 2014  Beaver, Noffsinger, Urrea
1987 Emery, Hagedorn, Sandsted 2016  Beaver, Myers, Urrea

Genetics Committee

2004  Bassett (Chair), Beaver, Blair, Gepts, McClean, Miklas, Welsh (ex officio)

2005  Beaver (Acting Chair), Blair, Gepts, McClean, Miklas, Porch, Welsh (ex officio)

2007 Beaver, Blair, Gepts, McClean, Miklas, Porch (Chair), Welsh (ex officio)

2008 Bett, Blair, Gepts, McClean, Miklas, Porch (Chair), Urrea, Welsh (ex officio)

2014  Bett (Chair), Ferreira, Gepts, Goncalves-Vidigal, Kalavacharla, Kelly, Kisha (ex officio),
McClean, Osorno, Porch, Urrea

il



BIC Genetics Committee Meeting Minutes
During the 2015 BIC Meeting

Meeting location:  Niagara Falls Marriott Gateway Hotel, Niagara Falls, ON. Salon A
Date: Nov. 4, 2015
Time: 8:00 - 9:15 AM

Committee Members — all present:
Kirstin Bett Chair

Paul Gepts

James Kelly

Phillip McClean

Tim Porch

Carlos Urrea

Juan Osorno

Kal Kalavacharla

Juan Jose Ferreira

Celeste Gong¢alves-Vidigal
Phil Miklas BIC president

1. Old Business:

1. Approval of the Genetics Committee meeting minutes at the DoubleTree Hotel,

Portland, Oregon on Oct 30, 2013.

AIF

2. Co-16 gene symbol (Maria C. Gongalves-Vidigal)
Dr. Goncalves-Vidigal presented an updated version of her data supporting a new anthracnose
resistance gene locus on Pv04. This locus appears to be distinct from Co-3 based on mapping
but there really needs to be additional segregation data for multiple races from RILs or F3
progenies to complete the hypothesis testing.
Motion: allow the use of Co-16 as a temporary gene symbol for now. AIF
Dr Goncalves-Vidigal is encouraged to conduct further testing on RILs and or F3 progenies with
multiple races to confirm Co-16 is a separate locus from Co-3.

2. New Business
a) Update “List of Genes- Phaseolus vulgaris”
e (Co-17 — anthracnose resistance gene from SEL1308 on Pv03 (Trabanco, Campa and
Ferreira, 2015). AIF
e ALS gene symbols (Thiago Livio P. O. Souza) — reviewed at meeting in S. Africa (AIF)
o Phg-1onPv0l; from AND277 (A) (Goncalves-Vidigal et al. (2011)
o Phg-2 on Pv08 from Mexico 54 (MA) (Queiroz et al., 2004); and Phg-22 from
BAT332
o Phg-3 on Pv04 from Ouro Negro (MA)(Goncalves-Vidigal et al., 2013)
o ALS 4.1 QTL (Phg-4) on Pv04 from G5686 (Mahuku et al., 2009; Keller et al.,
2015)
o ALS 10.1 QTL (Phg-5) on Pv10 from G5686 and CAL143 (Oblessuc et al., 2013)
e Pkp-1 -resistance to soybean rust (SBR), caused by the fungus Phakopsora pachyrhizi.
From PI 181996 (T.L.P.O. Souza et al. 2014)

il



b) Reusing defunct symbol names (e.g. Co-9 renamed Co-3"3) — absolutely not!
c¢) Nomenclature issues:
e Genotype ID ontology (Bodo R); information on attempts to clarify this within the
CG system. Stay tuned.
e SNP nomenclature (Jim Kelly) — brief discussion about trying to unify SNP
nomenclature based on the genome assembly.
e Acceptable abbreviations for traits (Jim Kelly)
- crop ontology.org: Some of us need to work with them to tweak their symbols.
- Bodo Ratz to send out link to the committee; we would then put the link on the BIC
Genetics page and encourage people to follow it
d) GBS data — Discussion regarding where/how it can be stored for all to have access to it.
3. Membership: Ted Kisha added as ex officio
4. Next meeting: Pullman WA, August 2016 with the next W3150. Date TBA.

v



THE BEAN IMPROVEMENT COOPERATIVE

Proudly Presents the
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PAUL GEPTS

Dr. Paul Gepts received his B.S. degree from the Faculté des Sciences Agronomiques, Gembloux,
Belgium in 1976, and his Ph.D. in 1984 in Plant Breeding and Genetics from the University of
Wisconsin, Madison where he worked with Dr. Fred Bliss, a noted bean geneticist. The genetics
of methionine content and F; hybrid weakness in common bean was the focus of his graduate
research. After receiving his Ph.D., Paul completed a postdoctoral fellowship at the University of
California, Riverside working with Dr. Michael Clegg on molecular variation in pearl millet.

In 1987, Paul joined what is now the Department of Plant Sciences at the University of
California, Davis, rose to the rank of full professor in 1995, and continues his professional career
there. At UC, Davis, he trained 13 M.S. students and 17 Ph.D. students, while mentoring eight
postdoctoral fellows and 36 visiting scientists. Paul’s active, world-wide research program has
resulted in 171 refereed journal articles, chapters, and conference proceedings. Paul is a fellow of
both the American Society of Agronomy (2001) and the Crop Science Society of America (2005).
He was awarded the Distinguished Achievement Award (1991) and Meritorious Service Award
(2003) by the Bean Improvement Cooperative.

From a research perspective, Paul is well known for his early career research that convincingly
established the presence of two unique wild and domesticated gene pools in common bean and
described the dissemination pathways of beans throughout the world. Critically, these discoveries
supported the hypotheses of all subsequent efforts that focused on the population genetics of bean.
From the results of his research group we now have a description of the location of the
Mesoamerican domestication of bean, and an understanding of the importance of gene flow,
especially from the wild to the domestication form of the crop, in establishing and maintaining
genetic diversity. Other recent research has established the critical role of farmers in maintaining
diversity by their variety selection processes.

From a genetic perspective, Paul’s research team developed a BAT93 x Jalo EEP55
recombinant inbred population that has been used to develop a primarily DNA-based molecular
map that has been used as a world-wide resource to map many simple and quantitatively-inherited
genes and as a resource to link other mapping populations into a community-wide composite
molecular map. Paul’s vision of a clearinghouse for bean molecular markers spurred his interest in
developing the PhaseolusGenes database for bean breeders and geneticists. This is the central
repository for over 100,000 molecular markers that have been described in the literature or mined
from sequence data. The database also describes the genetic location of all of the QTL found in
common bean research publications. Breeders and geneticists utilize the resource to discover
polymorphic markers linked to their trait of interest, and apply the marker data along with the
common bean reference genome sequence for candidate gene discovery. Due to Paul’s leadership,
the database was a major output of the USDA Common Bean Coordinated Agricultural Project.

Recently, Paul assumed the duties as the head of the UC, Davis bean breeding program that
develops common and lima bean, as well as garbanzo bean varieties. The major goals of the
program are high yield, insects, nematodes, and disease control based on natural genetic resistance,
and an increase of seedling vigor to achieve uniform stands to control weeds. Finally, Paul is the
scientific advisor to the African Bean Consortium, a group of researchers funded by the Kirthouse
Trust. In this role, he follows breeding efforts in Ethiopia, Kenya, Rwanda, Tanzania, and Uganda
as they develop multiple disease resistance varieties with acceptable agronomic performance. The
BIC and the entire bean community are honored to have Dr. Paul Gepts as an active contributing
colleague dedicated to the improvement of beans throughout the world!!

vi



KAREN A. CICHY

Dr. Karen Cichy is a USDA-ARS research geneticist working on the genetics of bean quality at
Michigan State University. Dr. Cichy is a native of Pennsylvania and graduated with a BS degree
from Penn State in 1998 with a major in Horticulture and a minor in International Agriculture. She
entered graduate school at Michigan State University and received M.S. in Plant Breeding and
Genetics in 2002 under the direction of Dr. George Hosfield, working on phosphorus and zinc
content in beans. She completed Ph.D. studies at MSU in 2006 in Plant Breeding and Genetics,
studying root traits in low phosphorus soils and her co advisors were Drs. Sieg Snapp and Jim
Kelly. During this period she was awarded a J. William Fulbright Foreign Scholarship to conduct
part of her doctoral studies at CIAT, Colombia under the direction of Dr. Matthew Blair. While at
MSU she was also supported by C.S. Mott Pre-Doctoral Fellowship in Sustainable Agriculture.
Following graduation she received a USDA postdoctoral position where she studied the genetics
of seed phosphorus quantity and low phytic acid mutants in barley at the USDA lab in Aberdeen,
ID from March 2007 to May 2009 under the supervision of Dr. Victor Raboy. In July 2009 she
returned to MSU and assumed a position as research geneticist in the USDA-ARS Sugarbeet and
Bean Research Unit where her duties were to develop and lead research to improve the
bioavailability of nutrients and consumer acceptance and utilization of dry bean as a food source.
She continues in that role today.

As the lead scientist for CRIS project “Genetic Enhancement of Dry Bean Nutritional and
Processing Qualities” Dr. Cichy’s assigned area of responsibility is the genetic characterization and
improvement of the nutritional quality and the consumer acceptance and utilization of dry bean as
a food source, including improving bean seed nutritional value, seed mineral bioavailability,
digestibility, antioxidant capacity, cookability, flavor, seed coat color, and canning quality. She
evaluates and characterizes germplasm, identifies genes and molecular markers related to food
quality traits, and works with plant breeders to introgress important genes influencing food quality
into adapted and usable cultivars. She interacts, cooperates, advises, and consults with researchers
from ARS, universities, and industry and has an impressive publication record. Her research
activities involve the breeding of dry bean germplasm for increased nutrient density and for
decreased phytic acid in dry bean seeds, and identification of the genes involved in these traits;
and the determination of the genetic control of, and develop molecular markers for, dry bean
germplasm with decreased cooking time, improved canning quality and color retention traits.

Dr. Cichy has published two book chapters, one bulletin, and 23 peer reviewed articles many
in high recognized journals such as PlosOne. She lists six invited talks, eight
papers/presentations delivered and 15 reports among her accomplishments. She is co-PI on
eleven grants many of which are international in scope including the Feed the Future Legume
Innovation Lab project in Uganda. She has actively participated in eight variety releases
providing the critical information on canning quality, color retention and cooking time
depending on the bean market class. She is an active collaborator with USDA-ARS colleagues,
fellow bean scientists, nutritionists, and she keeps current with local and national industry
leaders in the bean community. She has been active in the W-2150 Multistate Research Project.
She currently advises three PhD and two Master students and has graduated one PhD and one
Master student. In addition she has hosted three Borlaug Fellows and visiting scientists in her
lab. Despite her young years she has considerable depth of knowledge of bean genetics as it
relates to culinary and quality traits, so important in today’s healthy conscious society.
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JUAN M. OSORNO

Dr. Juan M. Osorno is an Associate Professor and Dry Bean Breeder/Geneticist in the Department
of Plant Sciences at North Dakota State University (NDSU). Dr. Osorno studied at the Universidad
Nacional de Colombia, Palmira, Colombia. Dr. Daniel Debouck at the CIAT Genetic Resources
Unit supervised his undergraduate thesis research which won a national award for the best thesis in
agricultural sciences. He graduated in 1997 with a B.S. degree in Agronomy. After graduation, he
worked for the CIAT bean breeding programs of Dr. Shree Singh and Dr. Steve Beebe as a young
investigator supported by the Colciencias-BID program. This provided Juan a wide range of
experience conducting bean research. In 2000, Dr. Osorno received support from the Bean/Cowpea
CRSP to pursue a M.S. degree in Plant Breeding and Genetics at the University of Puerto Rico
under the direction of Dr. James Beaver. Two genes from Phaseolus coccineus that confer
resistance to Bean Golden Yellow Mosaic Virus (BGYMYV) in common bean were identified as
part of his thesis research. BGYMV resistant germplasm lines were also released as part of this
research. In 2003, Juan received a Pioneer Hi-Bred International Scholarship to pursue a Ph.D.
degree in Plant Breeding and Genetics at North Dakota State University as a Graduate Research
Assistant for the NDSU Corn Breeding Program led by Dr. Marcelo Carena. His dissertation
research focused on the identification of groups of genetic diversity of maize for grain quality.

In 2007, Dr. Osorno joined the faculty in the Department of Plant Sciences at NDSU where he
assumed the leadership of the dry bean breeding program. He took advantage of the breeding
lines and populations initially developed by Dr. Ken Grafton to release navy, pinto, kidney, and
small red bean cultivars for the largest bean production region in the U.S. In the next few years,
the NDSU bean breeding program expects to release cultivars of several different market classes
with enhanced levels of disease resistance and greater tolerance to abiotic stress such as
waterlogging. During the past three years, Dr. Osorno has served as the Principal Investigator for
a Legume Innovation Lab project focused on the improvement of climbing beans for the
highlands of Guatemala. He has developed populations that have been used to model yield and
development of common beans and response to drought. He has also been actively involved in
collaborative research that developed a reference genome for common bean. Dr. Osorno has
conducted research to identify best management practices for direct harvesting beans in North
Dakota. He has also participated in the screening of bean germplasm and breeding lines for
resistance to numerous diseases of economic importance in North Dakota including bean rust,
halo blight, and root rots.

Dr. Osorno co-authored a review paper in Crop Science describing progress in breeding
beans for increased seed yield and a separate review in Euphytica describing the current status of
bean breeding. He has been invited to make more than 15 domestic and 8 international
presentations at scientific meetings and has contributed to 18 refereed publications. He is an
active member of the Crop Science Society of America, the Regional Hatch project W-2150, and
a frequent contributor to the Annual Report of the Bean Improvement Cooperative. He has been
very successful in obtaining external funding to support a wide range of bean research topics. Dr.
Osorno is committed to the training of students in plant breeding. In addition to teaching genetics
at NDSU, he has participated in the development of learning material and has supervised an
intern program to promote interest in plant breeding. He has served as a major advisor for ten
graduate and numerous undergraduate students and interns at NDSU. Dr. Osorno enjoys frequent
interaction with bean growers from North Dakota and Minnesota.
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IN MEMORY OF M. WAYNE ADAMS

M. Wayne Adams died September 9, 2015 at the age of 97. Born in 1918, in Catlin, Indiana, he
graduated first in his class from Purdue University where he was editor of the Purdue
Agriculturist, he received his Ph.D. from the University of Wisconsin, and was hired by South
Dakota State University where he was the alfalfa breeder for twelve years. In 1959, Dr. Adams
joined the faculty in Crop and Soil Sciences at Michigan State University as a bean breeder and
geneticist. He left a successful career in forage breeding in South Dakota because he wished to
work with a food crop and he choose to work with dry beans. In a distinguished career that lasted
thirty-seven years he developed many varieties too numerous to mention but among them were
the landmark varieties Seafarer navy and Montcalm dark red kidney bean. He was among the
first breeders to select for defined market class and food quality traits. Dr. Adams is recognized
for his many innovative publications on the genetic improvement of beans but among the most
significant was one on yield component compensation and another on ideotype breeding.

Early in his career at MSU, Dr. Adams felt that if he was to make future genetic gain and
improvements in beans he needed to find new germplasm. He successfully applied for a
Rockefeller Grant to identify and introduce new bean germplasm from Central America. His
vision in doing so led to two very significant achievements in his career that have benefited
everyone in the local and international bean community today. The first achievement was to
change the architecture of the bean plant. Using bean varieties from Central America as parents,
Dr. Adams developed an upright plant type, similar to soybean that was suitable for direct
harvest. Today over 80% beans in Michigan are direct harvested at considerable savings in time,
labor and equipment for growers. The characteristic has helped sustain the industry in Michigan
which otherwise may have been lost to alternative crops.

His most significant achievement was the establishment of international bean research
programs that have impacted many worldwide. Following his work with Rockefeller, Dr. Adams
realized the need to share research findings with the rest of the bean world particularly in
developing nations. He went to Washington and with assistance from colleagues he secured a
major grant from USAID directed at improving beans and cowpeas. The program was called the
Bean/Cowpea CRSP — Collaborative Research Support Program and the management office was
set up at MSU in 1980. A testament to the success of this program is the fact that the program
still exists today after 35 years as one of USAID Legume Innovation Labs. He established
research relationships between major US universities and programs in developing countries
largely in Latin America and Africa. As a result numerous foreign students have been trained
many with advanced degrees who are running successful research programs in their own
countries. In addition the sharing of research has resulted in release of scores of improved
varieties and technologies that contribute to improved bean and cowpea production in these
nations. His inspiration and foresight in identifying local needs and providing the insight and
solutions to meet those needs was second to none. Many around the world have benefited from
his efforts and knowledge.

Dr. Adams was a member of Bean Improvement Cooperative and attended many of the
meetings in the course of his career. In 1975 he received the Meritorious Service Award from
the BIC in recognition of his significant accomplishments in bean improvement.
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IN MEMORY OF JAMES RONALD BAGGETT

Dr. James ‘Jim’ Ronald Baggett, died on Jan. 21, 2016 in Corvallis, Oregon. Jim was born April
24, 1928, to James and Laura Baggett in Boise, Idaho. His early years were centered on farming
in southern Idaho. After high school, Jim enlisted in the Navy for two years, and served as a
Yeoman while stationed in Guam. In 1948, Jim returned and enrolled in Horticulture at the
University of Idaho. Upon receiving his B.S. in 1952, he started graduate school at Oregon State
College (renamed Oregon State University or OSU) under Dr. Walt ‘Tex’ A. Frazier. Jim helped
initiate pea, bean, cabbage, and broccoli breeding programs at OSU. Upon completion of his
Ph.D. in 1956, he was hired as an instructor at OSU and continued breeding pea, broccoli,
cabbage, and disease resistance aspects of green beans. When Dr. Frazier retired in 1973, Jim
became responsible for all breeding projects.

From the beginning of the 20™ century up until about 1978 the Oregon processed green bean
industry was based on production of pole Blue Lake (BL) cultivars. Because of their superior
quality, BL cultivars were and are nationally renowned. However, a bush bean harvester was
introduced by Chisholm Ryder Co. in the Midwest in 1950 and the Oregon industry faced strong
competition on price. The principal objective of the OSU bean breeding program was to develop
mechanically harvestable bush beans with BL pod type and quality. Lines with BL pod quality
were selected through a backcross program, but plant habit was poor. It took until 1970 when
‘Oregon 58’ was released to provide the processing industry with a cultivar that had satisfactory
bush habit and BL quality. The 1972 release, ‘Oregon 1604°, became very important in the
Oregon processing industry. It was replaced during the mid-1980’s by ‘Oregon 91G’, which
became the standard cultivar in western Oregon until the mid-2000’s. ‘OSU 5630°, developed
from crosses originally made by Dr. Baggett was released by his successor in 2005, and since has
become the predominant bush BL cultivar in Oregon. Jim released ‘Oregon Trail’, a long-podded
bush BL, and ‘Cascade Giant’, a pole bean resembling ‘Oregon Giant’, for home gardeners.
Another processing release, ‘Oregon 54°, became popular in the home garden trade as ‘Blue
Lagoon’. Over his career, Jim released 13 green bean cultivars.

Jim was a prolific breeder of other vegetables including 25 shell, snap and snow pea cultivars
and germplasm lines, approximately 30 broccoli and cabbage inbreds, 15 tomato cultivars, four
carrot inbreds, two Delicata squash cultivars and one germplasm line, three peppers, two
ornamental corn open pollinated cultivars, and one crisphead lettuce. As a plant breeder, Jim
possessed an excellent memory and exceptional observation skills. These two traits were critical
to his success in creating high quality cultivars that are still in the commercial trade. Jim made
only public releases and was a strong opponent of intellectual property protection of varieties.

As an academic and a scholar, Jim mentored 33 graduate students during his career at OSU.
Many of his students became leaders in the vegetable breeding industry. He published over 80
peer refereed articles on breeding and genetics of various vegetable crops. He had over 200 non-
refereed papers, as well as self-publishing a history of the Oregon BL processing industry. Jim
was recognized for his many professional contributions and service through various awards
(including the BIC and NAPIA), but crowning recognition of his achievements came in 1996
with the establishment of the Baggett-Frazier Vegetable Breeding Endowed Professorship at
OSU.



IN MEMORY OF HUBERT BANNEROT

Hubert Bannerot died on August 29, 2014, at the age of 85. Born in Nancy, in a rural area of
eastern France, he discovered agriculture as a child, during World War II. He was married and
raised 3 children.

Hubert Bannerot received his Baccalaureat in Science and was selected for the National
School of Agronomy in Paris from which he graduated in 1953. After his military service, he
accepted a position at the National Institute of Agronomy (INRA) in Versailles, where he stayed
all his professional life. During his career, as a geneticist and plant breeder, he devoted his
interests to several crops. It started with wheat, and continued with apples, asparagus, cabbage
and common bean. Thus he was called to work with a highly autogamous plants such as
Phaseolus as well as with strict allogamous monoecious plants such as asparagus. This led him
to interact with lots of colleagues both in the public (INRA, Universities, International
institutions...) and private (Vilmorin, Clause) sectors. This is probably the reason why he was so
open to new ideas and concepts, very curious and enthusiastic researcher.

As a bean breeder/geneticist, Hubert Bannerot searched for solutions for private breeders
concerned with several important diseases, mainly anthracnose, but also BCMV and halo blight.
He was among the first in Europe to characterize reaction of genotypes against a range of
purified strains of Colletotrichum lindemuthianum. He thus discovered that the ARE gene
identified by Mastenbroek was protecting against all strains of Colletotrichum present in France.
He reported these data in a meeting in London thinking he had the solution. This is when
colleagues from South America requested the plant material and discovered, of course, that these
genotypes were susceptible to their local strains of C. lindemuthianum. From that point onwards
he started a long and successful collaboration and exchange with Daniel Debouck at CIAT and
with other colleagues dedicated to Phaseolus breeding in South America and elsewhere.

France is known for its round, stringless green beans, which are a kind of specialty bean.
Hubert spent some time to breed these special beans and showed that you can increase the length
of the pod very substantially, which happened with the Fortex variety which possesses a pod of
35 cm. Hubert Bannerot is known for the development of at least 13 new varieties of beans,
green beans as well as dry bean seeds for “Cassoulet” bean, grown in the south of France.

Hubert Bannerot was a member of the BIC and received the Meritorious Service Award in
1993 in recognition of his achievements to bean improvement in France. He probably is one of
the few French scientists to receive this award during his professional career. Now in France,
most of the breeding for Phaseolus beans is carried out by private breeders, something that
Hubert Bannerot complained about toward the end of his career. His concern was that genetic
variability would become reduced because private industry performs less diverse crosses to
obtain new varieties, whereas the public sector is more able to conduct wider crosses even to
cross two different species like P vulgaris x P coccineus to diversify bean germplasm. Hubert
Bannerot has successfully broadened the genetic base of germplasm in close collaboration with
Daniel Debouck and other colleagues around the world.
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IN MEMORY OF MERION MARGARET LIEBENBERG

Merion Margaret Liebenberg sadly passed away on 30 November 2015 at the age of 69. Merion,
better known in the South African dry bean industry as Tokkie, was born in Johannesburg on 20
May 1946 but grew up in Zimbabwe. After primary and high school she obtained a degree in
social sciences at the University of Stellenbosch. There she met Andries and three children were
born from the marriage. During this time, while being a stay-home mother, she studied
psychology and obtained an Honours and Master’s degree from UNISA and University of Free
State, respectively.

Merion decided that she would like to persue a career in bean pathology once the children
left home. Andries was the common bean breeder at ARC at that stage which stimulated her
interest in beans. She studied part-time and obtained a BSc degree in Botany and Zoology from
UNISA and a Honours degree in Plant Pathology at the Northwest University. She was
appointed as plant pathologist at the Agricultural Research Council — Grain Crops Institute,
Potchefstroom in 1992 where she worked until her retirement in 2011. During this time she
obtained a M.S. degree from the Northwest University with her work on the angular leaf spot
disease and a Ph.D. degree in 2003 from and University of Free State. Her highly informative
disseration was about “Breeding for resistance to rust of dry bean (Phaseolus vulgaris) in South
Africa”.

The major focus of her research was on the rust disease. She was fortunate to spend some
time in Dr. Rennie Stavely’s lab early in her career which made her familiar with the techniques
of identifying rust races and subsequent resistance. She identified many races of the bean rust
pathogen that occurred in Southern Africa and other countries of Africa. The diversity of the
pathogen that she discovered within the pathogen populations made it necessary for her to
combine different resistance genes to obtain durable resistance. She identified and selected the
best rust resistance genes in her breeding programme that gave broad resistance across Southern
Africa and therefore the least likely to be overcome by new races. She described the resistance
gene Ur-13, derived from Kranskop, that was accepted by the BIC Genetics Committee. Markers
for this gene have also been developed. Rust resistant cultivars that were released from her
programme included Teebus-RR 1, Teebus-RCR 2 (combined rust and CBB resistance) and
CAR 2008. She had a dream to release a well adapted dark red kidney bean with resistance to
rust and halo blight. Good progress was made and a number of improved lines from her
programme are currently being evaluated for possible release

Apart from rust, Merion also made good progress in breeding for resistance to other bean
diseases. Her research on angular leaf spot resulted in the release of three ALS and rust resistant
red speckled sugar bean varieties, namely Sederberg, Tygerberg and Kamiesberg. She attempted
breeding for resistance to root rot disease complex disease, but most resistant lines identified
were not well adapted under local conditions. She supervised a student who studied the virulence
diversity within anthracnose pathogen populations. A number of races in South Africa were
identified, but she lacked time and manpower to breed for resistance to this disease.

During her career she contributed greatly to transferring technologies to farmers through
articles in the local magazine ‘SA Dry Beans’, presentations at farmers’ days and contributions
to the Dry Bean Production Manual. She also had numerous presentations at conferences and
workshops locally and abroad and enjoyed training researchers. Her research has been published
in several journals and includes a broad review article on bean rust that serves as an excellent
source of information for young scientists. She had close contact with bean scientists abroad who
had a high regard for her accomplishments and collegiality.
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IN MEMORY OF RONALD SHELLENBERGER

Ronald Gene Shellenberger of Kuna, Idaho died June 30, 2015 at the age of 71. He was born
September 6, 1943 in La Junta, CO. Ronald attended school: at Goshen College from 1962-
1966, receiving his Bachelor of Arts in Biology; Michigan State University from 1966-1970
receiving his Masters in Agronomy; and 1970-1975 at Texas A&M receiving his Ph.D. in
Horticulture.

Ronald worked at Rogers Seed Company from 1975 - 1995, in Twin Falls and Boise, and
was a pioneer in dry bean breeding for private industry. He developed a number of bean
varieties in a range of market classes such as Beryl and Marquis great northern and Topaz pinto
which are still grown today. In 1996, Ronald started his own dry bean breeding company,
ProVita, Inc., in Kuna Idaho, and continued to work as a private dry bean breeder affiliated with
major bean companies across the U.S. He enjoyed his work, owning his own business, and
working with colleagues throughout the bean world.

Ronald’s vision for dry bean development created a pathway for many private companies to
participate in his various breeding efforts. This enabled the industry to move forward with his
breeding efforts and promote them throughout North America. Some of Ronald's most notable
contributions to the U.S. dry bean industry were the development of high yielding direct
harvestable beans for the industry. He produced highly successful cultivars in most commercial
classes including Medalist and Merlin navy beans; Loreto black bean; La Paz, Sinaloa, and
Monterrey pinto beans; Aries and Taurus great northern beans; Ruby and Viper small red beans,
Pink Floyd pink bean; and Big Red and Chaparral kidney beans. The increased yields and new
harvest practices have helped maintain a competitive edge and superior commercial product for
farmers throughout the U.S. and in turn supporting the need for clean disease-free dry bean seed
from states such as Idaho. His efforts on dry beans also allowed the industry to remain
competitive with other commodity crops.

Ronald took any opportunity he could to support the western dry bean seed industry. As a
dry bean breeder, Ronald knew the great benefits that the western seed program on dry beans had
for the industry and plant breeders in general. Living and having his base of operation in Idaho
allowed him to bring well adapted and high yielding varieties to the Idaho growers. He also took
the time to visit production fields throughout the U.S. where his varieties were being tested or
grown and aided in advising what growers needed to do to correct any issues that might be
happening in any given year.

Dr. Shellenberger was a member of the Bean Improvement Cooperative (BIC), served on the
Coordinating Committee, and attended many of the meetings in the course of his career. He was
a humble man of integrity who refused to be recognized by the BIC for his significant
accomplishments in bean improvement. Ronald’s legacy continues with his family running the
business and exhibiting his same passion for dry beans.
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Sclerotinia sclerotiorum isolates available for research

Results of the multi-year, multi-site white mold testing have identified the following isolates or
Mycelial Compatibility Groups (MCGs) of isolates to be useful for screening for resistance and
other research.

Highly aggressive isolates which consistently caused the most severe disease reactions as
measured by the Straw test (Petzolt and Dickson, 1996) are isolates #s 698 (ST mean rating of
7.8), 705 (7.8), 708 (7.8), 717 (7.8) and 710 (7.9).

Those isolates causing the least severe disease reactions as measured by the Straw test include #s
841 (2.8), 591 (2.9), 765 (3.2) and 596 (3.3).

Isolates belonging to a single MCG group that is distributed widely across the United States
include #s 473 (collected from Oregon), 698 (North Dakota), 803 (Michigan)and 889
(Colorado).

Isolates belonging to a single MCG group that was only collected from one location include #s
469 and 477, from Oregon.

All of the isolates of another single MCG group including #s 661, 668, 806, 815, 816 and 840
were collected from Michigan in the years 2005, 2008 and 2009.

Some of this information was previously reported in the 2010 Annual Report of the BIC, pp.
232-233.

Please contact Jim Steadman at jsteadmanl@unl.edu or 402-472-3163 if you would like
sclerotia from the above isolates or have use for any of our 366 characterized S.
sclerotiorum isolates or isolates from hosts other than beans.
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MAJOR LOCI CONTROLLING RESISTANCE TO THE ANGULAR LEAF SPOT OF
COMMON BEAN

Thiago Livio P. O. Souzal*, Maria C. Gong:alves-Vidigalz, Bodo Raatz3, Clare M.
Mukankusi4, Angela F. B. Abreul, Leonardo C. Melo' & Marcial A. Pastor-Corrales®

1Embrapa Arroz e Feijao, Santo Antdnio de Goias, GO, Brazil; 2Depto. Agronomia,
Universidade Estadual de Maringa, Maringé, PR, Brazil; *Centro Internacional de Agricultura
Tropical (CIAT), Cali, Colombia; 4CIAT, Kawanda, Uganda; 5Soybean Genomics and
Improvement Laboratory, ARS-USDA, Beltsville, MD, USA. *thiago.souza@embrapa.br.

Angular leaf spot (ALS) caused by the fungus Pseudocercospora griseola is currently one of
the most widespread and destructive disease of common bean (Phaseolus vulgaris L.) in Latin
America and Africa (Pastor-Corrales ef al. 1998). Yield losses up to 80% have been reported in
Brazil (Jesus-Junior et al. 2001). Genetic resistance is the most cost-effective, easy to use and
ecological strategy to manage the disease. However, progress in breeding for resistance to ALS has
been difficult. The high virulence diversity of P. griseola and the recurring discovery of new races
of this pathogen are challenging for the development of cultivars with effective resistance to ALS
(Sartorato & Alzate-Marin 2004; Abadio ef al. 2012).

During the Common Bean Disease Workshop on Angular Leaf Spot and Root Rot, held in
Skukuza, South Africa, in July 2015, a work group was established to review the progress in
genetic analysis and breeding for ALS resistance. At that time, only three ALS resistance genes
had been mapped and named following the guidelines for gene nomenclature proposed by the Bean
Improvement Cooperative (BIC) Genetic Committee: Phg-1 (AND 277) on chromosome Pv0l
(Carvalho et al. 1998; Gongalves-Vidigal et al. 2011), Phg-2 (Mexico 54) on Pv08 (Sartorato et al.
2000), and Phg-3 (Ouro Negro) on Pv04 (Corréa et al. 2001; Gongalves-Vidigal et al. 2013).
However, in addition to these genes, unnamed major resistance loci have also been reported in
different resistance sources used by common bean breeding programs in Uganda, Colombia and
Brazil. Among these resistance sources are BAT 332, CAL 143 and G5686 (Table 1).

Caixeta et al. (2005) named tentatively additional ALS resistance genes in AND 277, Mexico
54, MAR 2 and Cornell 49-242. However, none of these studies included physical linkage
information and their results or genetic hypotheses still need to be validated. Consequently, the
gene names proposed by these authors were not accepted by the BIC Genetic Committee. Based
on allelism test results by Namayanja et al. (2006), the ALS resistance gene in BAT 332 shall be
considered as allelic to Phg-2, present in Mexico 54. A physical position analysis using the
reference genome sequence of P. vulgaris (Schmutz et al. 2014) indicated that the ALS
resistance genes in MAR 2, Cornell 49-242, G10474 and G10909 may also be alleles of Phg-2.
The physical map developed using sequence information obtained from molecular markers
linked to Phg-2 and to the major loci controlling ALS resistance in these ALS resistance sources
showed the presence of one single gene cluster on Pv08 (Figure 1). However, additional studies
on the genomic characterization of Phg-2 are necessary to better clarify the allelic relationship of
Phg-2 and the ALS resistant genes present in MAR 2, Cornell 49-242, G10474 and G10909, and
guide the nomenclature of these genes.

It was also proposed that the major QTL ALS4.19%" on Pv04, present in G5686, and the
ALS10.1°%YC on Pv10, identified in both G5686 and CAL143, shall be officially named as Phg-
4 and Phg-5, respectively (Table 1). This proposal considered that these major loci had
consistent and significant effects across different environments and populations (Mahuku et al.
2009; Oblessuc et al. 2012, 2013; Keller et al. 2015). These QTLs have been physically mapped
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on positions different from those of the ALS resistance genes Phg-1, Phg-2 and Phg-3 (Figure
1). This effort to better characterize and formally name the major ALS resistance loci identified
so far will be useful to support common bean breeding programs for ALS resistance regarding to
selection and use of resistance sources. In addition, it will also guide the characterization of new
ALS resistance loci.

Considering all information presented above, in the last BIC Genetic Committee meeting
held during the 2015 BIC Meeting, in Niagara Falls, Canada, in November 2015, the work group
on genetic analysis and breeding for ALS resistance has proposed new gene symbols for
unnamed major ALS resistance genes and QTLs previously reported, as summarized in Table 1.
Based on the evidences presented, results from classical genetic studies, fine-mapping
information and physical position analysis using the reference genome sequence of P. vulgaris,
the BIC Genetic Committee has formally accepted the proposed new gene symbols.

Genetic and molecular evidences indicate that common bean loci controlling resistance to
diseases caused by high variable pathogens are organized in clusters in which individual genes
confer resistance to one specific isolate or race of the pathogen (Ferreira et al. 2013). For this
reason, direct or indirect mapping using information from molecular markers linked to known
ALS resistance genes and QTLs is recommended to support the characterization of new ALS
resistance loci.

Table 1. Named and mapped loci that control resistance to the angular leaf spot of common
bean.

Gene symbol Resistance Gene Pathogen

New” Original Source Pool” LG race Reference
Carvalho et al. (1998)
Phg-1 Phg-1 AND 277 A Pv01 63-23 Gongalves-Vidigal et al.
(2011)
63-19 Sartorato et al. (2000)
Phg-2 Phg-2 Mexico 54 MA  Pv08 63-39 Namayanja et al. (2006)
Mahuku ef al. (2011)
Phg-2°  Phg-? BAT 332 MA Pv08 63-39 Namayanja et al. (2006)
Ouro Corréa et al. (2001)
Phg-3 Phg-ON MA Pv04 63-39 Gongalves-Vidigal et al.
Negro (2013)

31-0 Mahuku et al. (2009)

GS,UD
Phg-4 ALS4.1 G5686 A Pv04 Field® Keller et al. (2015)

0-39 Oblessuc et al. (2012,
Field 2013)
31-0

ALS10.1°9Y¢  G5686 A PvI0 gy Kellereral (2015)

ALS10.1°P%Y¢  CAL 143 A Pvl0
Phg-5

*Highlighted are the ALS resistance genes previously mapped, named and accepted by the BIC Genetic Committee.
Those that are not highlighted are the new gene symbols proposed based on results from classical genetic studies,
fine-mapping information, and physical position analysis using the reference genome sequence of P. vulgaris
(Schmutz et al. 2014), which have recently been accepted by the BIC Genetic Committee. ® Andean (A) or
Mesoamerican (MA) gene pool. °Linkage group (LG) or chromosome based on genetic mapping and genomic
analysis information. ®Resistant reaction under natural infection in the field.
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Figure 1. Linkage groups showing the physical position of the molecular markers linked to the
major loci controlling resistance to the angular leaf spot of common bean. This physical map was
developed based on sequence information obtained from the markers.
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HIGH DENSITY SNP GENOTYPING OF LINES WITH DIFFERENT STORAGE
PROTEIN COMPOSITION REVEALS SITES OF INTERSPECIFIC INTROGRESSION
AND MARKERS ASSOCIATED WITH PHASEOLIN OR LECTIN DEFICIENCY
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INTRODUCTION: The germplasm lines SARC1, SMARCI-PN1 and SMARCIN-PNI
integrate a progressive deficiency in storage proteins, phaseolin and lectins (Osborn et al. 2003).
SARCI contains arcelin-1 derived from a wild Phaseolus vulgaris accession, G12882. SARCI1
had been crossed with MB11-29, lacking phaseolin due to an introgression from P. coccineus
and L12-56, lacking major lectins due to an allele from Great Northern 1140. Progeny had been
selected giving rise to SMARCI1-PNI1, lacking phaseolin, and SMARCIN-PNI, lacking both
phaseolin and major lectins. The three lines share Sanilac as recurrent background.

MATERIAL AND METHODS: Parental genotypes Sanilac, G12882 and Great Northern 1140,
as well as SARC1, SMARCI1-PN1 and SMARCIN-PN1 were subjected to high density SNP
genotyping using the BARC-Bean6K 3 BeadChip (Song et al. 2015). Also included were three
phaseolin deficient P. coccineus lines (Pandurangan et al. 2016). Parent specific alleles were
identified, and their distribution analyzed among progeny lines.

RESULTS: There were a limited number of P. coccineus specific alleles, present on
chromosomes 2, 3, 7 and 11 in SMARC1-PN1 and SMARCIN-PNI1 (Figure 1). On chromosome
7, six alleles flank the phaseolin locus, consistent with its introgression from P. coccineus. On
chromosome 11, two alleles flank the albumin-1 locus, suggesting a possible origin from the
interspecific parent. A methanol soluble albumin-1 (encoded by Phvul.011G205300.1/-400.1)
had been shown to be present at higher levels in SMARCIN-PNI than SARCI1 (Liao et al.
2012). On chromosome 3, another P. coccineus specific allele is proximal to a Great Northern
1140 allele and to a pectin acetylesterase gene (Phvul.003g277600.1) whose transcript was
elevated in developing seeds of SMARCIN-PNI as compared with SARCI1 (Liao et al. 2012).
G12882 and Great-Northern 1140 specific SNP alleles are linked to the introgression of the
arcelin-phytohemagglutinin-a-amylase inhibitor (APA) locus in SARC1/SMARCI1-PN1 versus
SMARCIN-PNI, respectively. The new markers could be useful to breed for bruchid resistance,
and provide information on genomic introgression from P. coccineus into P. vulgaris.
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Figure 1. Localization of P. coccineus specific alleles and of parent specific alleles near the APA
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INSIGHTS FROM SYNTENY ANALYSIS BETWEEN BEAN AND SOYBEAN
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Synteny is the conservation of gene order in two chromosomal segments. It occurs at macro and
micro scales and is based on the assumption that the syntenic regions are derived from an
ancestral genomic region through duplication or speciation. The availability of whole genome
sequences for common bean (Phaseolus vulgaris L.) and soybean (Glycine max L. Merr) has
enabled detailed comparisons to be made of their genomes. We used in silico analyses to
compare the genomic contexts of genes that function in the phenylpropanoid pathway, folate
synthesis genes and genes associated with CBB resistance QTLs and yield in common bean and
soybean. These studies confirmed that for most genes in common bean, two homologous genes
occur in soybean. The DNA sequence correspondence we observed between common bean and
soybean agreed with previously reported patterns of synteny between these two species and
supported conclusions that the soybean genome was duplicated after the establishment of
Phaseolus and Glycine from a common progenitor. The high degree of synteny between the two
species facilitated the identification of gene function and allowed information from a highly
characterized crop like soybean to be associated with specific loci and genes in bean.
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CURRENT BEAN GERMPLASM COLLECTIONS AND ACTIVITIES IN SPAIN
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The common bean (Phaseolus vulgaris L.) has expanded through all the continents during the last
centuries and the bean germplasm out of its regions of origin is more diverse than was previously
thought and contains additional diversity that remains to be explored for its breeding value (Singh
2001, Santalla et al. 2002, Angioi et al. 2010, Santalla et al. 2010, De Ron et al. 2015). The common
bean is a traditional crop in Spain and an important socioeconomic resource in many areas, playing a
relevant role in the Spanish diet, therefore several traditional varieties have been awarded with
European labels such “Protected Geographical indications (PGI)” or “Protected Designation of
Origin (PDO) such as “Faba Asturiana” and “Faba de Lourenzad” (favada market class), “Judias del
Barco de Avila”, “Alubia de La Bafieza-Leon” (both regarding several types, including white
kidney), “Judia del Ganxet” (hook), “Fesol de Santa Pau” (navy) or “Judia Tolosana” (black). In
Spain, activities focus on the conservation of plant genetic resources started at the end of the 1970’s
of the 20th century; and common bean has been one of the species collected in all the Spanish
regions and consequently a large collection has been established at the CRF
(wwwx.inia.es/inventarionacional/). The high number of bean accessions of the Spanish collections
makes their regeneration, multiplication, characterization and results communication a complex task.
To overcome these constraints since 1994 a collaborative program has made possible the
maintenance of these resources (table 1). In this paper we describe the current bean germplasm
collections and activities of the Spanish genebanks network, whose active and base collections are
located in the CRF that maintains 3442 accessions of Phaseolus vulgaris, some of them shared with
other national institutions.

Table 1. Contributions by the partners of the Spanish network on bean germplasm

Institution / Code Nr accessions multiplied /characterized | Years in the network
CRF / ESP004 154 11

MBG / ESP009 1315 18

NEIKER / ESP016 159 7

SERIDA / ESP032 557 16

UPC / ESP061 539 10

UNILEON / ESP151-ESP168 468 13

IMIDRA / ESP198 60 8

Using passport and seed morphological data, a core collection of 211 accessions was established in
2000 from the CRF collection. Later, SERIDA carried out a validation and update of this collection
based on morphological and molecular data (Pérez-Vega et al. 2009) and UPC made a last revision
lately (www.crf.inia.es/crfesp/paginaprincipaljudia.asp).

Collection at the MBG (since 1987): 2014 accessions (456 shared with the CRF). Origin of the
accessions: Europe (17 countries), The Americas (15 countries), Asia (4 countries), Africa (1
country) and Oceania (1 country). The genetic stock includes about 500 breeding lines and RILs. A
core collection was built in 2003 including 52 Spanish accessions (Rodifio et al. 2003).

Collection at the SERIDA (since 1991): 421 accessions of germplasm collected in northern Spain
(395 shared with the CRF), 571 accessions in genetic stock including sources of resistance to biotic
and abiotic stress, breeding lines, cultivar developed in the SERIDA and mapping populations.
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Collection at the UPC (since 1992): 539 accessions (90 shared with the CRF). The accessions, all
them collected in the Catalonia area (north east Spain), have been grouped according seed
morphology and genetic background.

Collection at UNILEON (since: 1992): 308 accessions (199 shared with the CRF). The germplasm
program includes the University of Leon (UNILEON, Spain), the CRF-INIA, and the Provincial
Chamber and farmer organizations of Ledn (Spain).

Collection at IMIDRA (since 1994): 78 accessions (54 shared with the CRF) (Lazaro et al. 2013).
Collection at NEIKER (since 1991): 128 accessions (34 shared with the CRF). All the accessions
were collected in the Basque Country (Spain). The origin of the varieties is representative of the main
growing areas highlighting varietal types Pinta Alavesa, Tolosana and Gernikesa.

The microclimate of the cultivation areas has played a strong influence on the evolution of the
primitive landraces. The current Spanish landraces are the result of selective pressure and phenotypic
selection by farmers and they are currently well adapted to the agroecological conditions under they
have been grown for centuries. Therefore, during the last years, the bean accessions at the Spanish
collections have been widely utilized in genetic studies and breeding programs:

Genetic and evolution studies (Santalla et al. 2002, Perez-Vega el al. 2009, Yuste-Lisbona et al.
2014)

Resistance to diseases (Monteagudo et al. 2006, Pascual et al. 2010, Trabanco et al. 2012, Campa et
al. 2014)

Study of the symbiotic system bean-rhizobia (Santalla et al. 2001, Rodifio et al. 2011)

Evaluation of nutritional and sensory quality (Casquero et al. 2005, Rivera et al. 2013)

Generation of breeding populations (Pérez-Vega et al. 2010, Yuste-Lisbona et al. 2014)
Development and release of new varieties (Ruiz de Galarreta et al. 1998, Almirall et al. 2010,
Ferreira et al. 2012)
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INTRODUCTION

DREB (DEHYDRATION RESPONSIVE ELEMENT-BINDING) genes have been studied as
candidates for abiotic stress tolerance improvement in many crops, but little has been done with
this gene family in Phaseolus vulgaris. Just recently, we proposed a categorization of the DREB
gene family in common bean, encompassing 54 genes distributed across six subgroups (A-1 to
A-6), according to the nomenclature proposed for other model plants such as Arabidopsis and
Glycine (Konzen et al., 2014). Two particular genes were isolated and named after their
orthologs in Arabidopsis. PvDREB2A revealed to be drought-inducible in common bean
genotypes. PvDREB6B was induced under drought and low-temperature (4°C) treatments
(Konzen et al., 2014). To verify the potential of these genes as candidates for abiotic stress
tolerance breeding in common bean, we first investigated the nucleotide polymorphism within
the open reading frame and intron regions of PvDREB2A and PvDREBGB and its structure in a
set of common bean genotypes of Andean and Mesoamerican background. We further analyzed
the structure of PvDREBG6B polymorphisms in a wide range of Mesoamerican wild accessions
and its possible association with a series of bioclimatic (temperature and precipitation-derived)
and phenotypic variables (root and shoot depth and biomass). Hereby, we outline the potential of
such genes and phenotypic variables as indicators of stress-tolerance, with emphasis on drought.

MATERIAL AND METHODS

First, we sequenced the entire open reading frame (ORF) and the first intron within PvDREB2A
and the entire ORF of PvDREBG6B from DNA samples of 17 common bean genotypes of Andean
(Jalo EEP558, Midas, G19833, UCD-0801, UCD Canario 707 and CAL 143) and Mesoamerican
(BAT 93, BAT 477, IAC-Carioca 80SH, Rosinha G2, IAC-Una, SEA-5, SxB 405 and ICA-
Bunsi) background. The further step consisted on sequencing the ORF of PvDREB6B in a wild
bean collection of 121 Mesoamerican accessions spanning the natural area of distribution of
common beans, from northern Mexico (drier areas) to Colombia (higher humidity over the year).
The wild beans were also evaluated in a greenhouse experiment consisting on an adaptation of
the tube screening method of Rao et al. (2006). Root and shoot growth and depth, along with
biomass and leaf area parameters were evaluated for all accessions treated with irrigation to field
capacity and drought. Nucleotide diversity of PvDREB6B was used to infer the structure of wild
bean populations based on BAPS (Bayesian Analysis of genetic Population Structure,
http://www.helsinki.fi/bsg/software/) software. The genetic structure of PvDREB6B was
correlated with a series of bioclimatic variables (http://www.worldclim.org/) retrieved for the
location of each accession, as well as with the phenotypic data from the greenhouse experiment.

RESULTS AND DISCUSSION

From the first sequencing step, PvDREB2A revealed only two polymorphic sites within the ORF
of the 17 genotypes. Higher variability was observed within the first intron, with 5 polymorphic
sites. PvDREBG6B exhibited much higher variability, with 17 SNP sites along its ORF. Thereby, it



was sequenced in the whole wild bean collection. High-quality sequences were obtained for 112
out of all accessions. In total, 33 polymorphisms were identified within the ORF when
comparing the 112 genotypes. The population structure analysis of PvDREB6B polymorphisms
allowed the identification of seven main subgroups of accessions (clusters C-1 to C-7) (Figure
1A). When the genetic structure was coupled with the bioclimatic variables, a principal
component analysis on the correlation between those two groups of variables was able to
partially distinguishing the genetic groups defined by PvDREB6B according to temperature,
precipitation and location (Figures 1A and B). Most genotypes from C-5 subgroup belonged to
the Durango area, in which the lowest precipitations and highest temperature variations are
observed throughout the year. On the other hand, C-6 subgroup is represented by accessions
located in the most humid areas. The greenhouse data also revealed significant phenotypic
differences in root and plant growth according to the genetic clusters. Root deepening exhibited a
trend to be higher in wilds originated from drier areas, especially under drought treatment. Our
results provide insights for the application of DREB genes and phenotypic analyses for selecting
wild beans for drought tolerance improvement.
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Figure 1 — Genetic structure of 112 wild common bean accessions of Mesoamerican origin as inferred by nucleotide polymorphisms within PvDREBG6B and its
association with phenotypic and bioclimatic variables. Genetic clusters (C-1 to C-7) were determined based on Bayesian inferences (BAPS). A — Combination of
phenotypic data (root depth, plant height, leaf area and biomass under drought treatment) and bioclimatic variables (precipitation, temperature, altitude, location). B —
Genetic structure as modulated by precipitation variables (annual precipitation and averages over each month) of the location of the wild bean accessions.

ACKNOWLEDGMENTS
FAPESP (2011/12.484-7), CNPq (249992/2013-2), CAPES, USDA NIFA, BeanCAP.

REFERENCES

KONZEN, E. R.; RECCHIA, G. H.; CASSIERI, F; CALDAS, D. G. G.; BERNY, J. C.; PALKOVIC, A.; GEPTS, P.; TSAI S. M. DREB genes
as candidates for improving drought tolerance in common bean. In: Bean Improvement Cooperative Meeting - BIC, 2014, Portland. Annual
Report of Bean Improvement Cooperative, 2014. v. 57.

RAO, I. M.; POLANIA, J.; GARCIA, R.; BEEBE, S. Development of greenhouse soil tube method to quantify phenotypic differences among
advanced lines in root development and distribution under drought stress. In: Annual Report 2006. ProjectIP-1: Bean Improvement for the
Tropics (Cali, Colombia: CIAT), 19-25. 2006.



INVESTIGATING THE ROLE OF CANDIDATE GENES IN DROUGHT TOLERANCE
OF COMMON BEAN GENOTYPES

Konzen E.R.l; Recchia G.H.l; Pereira, A.C.V.Z. 1; Biazuzo, M. M. A.l; Berny J.C.z;
Caldas D.G.G., Gepts P.%; Tsai S.M*!

! Centro de Energia Nuclear na Agricultura, Universidade de Sao Paulo, SP, Brazil.
2 Department of Plant Sciences, University of California, Davis, CA.

Brazil is one of the world’s greatest producers of common beans (Phaseolus vulgaris L.). For the
years 2014/15, it is expected that the harvests will reach 3.2 million tons (CONAB, 2015). Despite its
great economic, cultural and nutritional importance, being present as a valuable staple food in the
daily diet of around 70% of its population, the culture still suffers with poorly technological input
which is aggravated by intermittent drought episodes. Dry bean cultivation in the country is majorly
conducted at the beginning of the dry seasons, therefore critically affecting flowering and pod-filling
as water deficit intensifies. Because of this, improvement of drought tolerance for common bean has
been for a long time a major objective for many breeding programs. Hence, in the last years our
research group has focused on elucidating key molecular mechanisms that might be involved on
drought tolerance responses in common beans. In our studies, the Mesoamerican advanced line BAT
447 was initially selected as a model due to its improved root architecture and superior performance
in soils with low water potential. Molecular biology techniques have been applied in order to select
candidate genes with potential for both improvement and selection of drought tolerance in local
common bean varieties, such as the Carioca type.

In one of our initial studies, a Suppressive Subtractive Hybridization (SSH) cDNA library was
constructed contrasting BAT 477 (drought tolerant) and IAC-Carioca 80SH (a drought-sensitive
cultivar) roots transcriptome under a water deficit regime of 192 hours during the pre-flowering stage
(R5) (Recchia et al., 2013). A set of 1.632 clones were randomly sequenced, generating 1,572 valid
reads (total of 1,120 unigenes). After gene annotation and biological functional classification, 148
reads were grouped as possibly implicated on to drought stress response: transcription factors (NAC,
DREB, ABRE WKRY, bZIP, MYB), transmembrane transporters like aquaporins, K+/H+ pumps
and Ca™ transporters, osmo-protectants and regulators, oxidative stress response, protein folding
(Heat-shock proteins, chaperones) and degradation (ubiquitins).

A time-course RT-qPCR experiment (after 72, 144 and 192 h of water deficit, followed by a 24
hours of re-watering) was conducted for SSH library validation. For BAT 477, from the 31 selected
transcrlpts twelve genes underwent a gradual increase in up-regulation during water stress
progression (LEAS, NAC protein, EF-hand Ca-binding motif, mapK, sucrose synthase, rhamnose
biosynthesis enzyme 3, 26S protease s10b subunit, ENODIS factor, sinaptotagmin, raffinose
synthase and cellulase), and for IAC-Carioca 80SH, this pattern was observed for six of them (LEAS,
cationic peroxidase 2, rhamnose biosynthesis enzyme 3, sucrose synthase, ENODIS factor and
cellulase). For BAT 477, some genes that proved to be actually down-regulated during all the periods
analyzed (aquaporin PIP2.a, trehalose 6-P synthase and calmodulin like kinase) became suddenly
up-regulated after rehydration; the same being observed for calmodulin like-kinase, Ser/Thr protein
phosphatase, cation:cation antiporter and GTP-binding protein in IAC-Carioca 80SH, revealing
possible mechanisms of re-acclimation.

Further characterization of the contrasting drought tolerance responses of BAT 477 and IAC-
Carioca 80SH genotypes was achieved through a cDNA-AFLP approach applying six different
primer combinations. This analysis allowed the identification of 100 transcripts derived fragments
(TDF) specifically regulated on BAT 477, and 77 on IAC-Carioca 80SH. Among the transcripts
identified in the tolerant genotype, 11 were listed with potential to be selected for future studies
(chlorophyll A-B binding protein, HSP40, HSP70, glycosyl hydrolase, serine/threonine protein
kinase, trehalose-6-phosphate synthase, E3 ubiquitin ligase, fructose biphosphate aldolase, mediator



complex subunit 13, aquaporin nodulin MTN-3-related and TCP transcription factor), and in the
susceptible genotype, nine can be listed: coatomer protein complex, monoamine-oxidase A repressor
R1, synaptobrevin, haloacid dehalogenase-like hydrolase, ADP-ribosylation factor, mTERF, serine
protease S1C HtrA-related, legume lectin and SWI/SNF-related chromatin binding (Biazuzo et al., in
preparation).

Recently, a lot has been argued about how symbiotic interactions established with beneficial soil
microorganisms in the rhizosphere can improve plants physiological and adaptive responses against
environmental factors, and the colonization of roots by natural abundant arbuscular mycorrhizal
fungi (AMF) has revealed to be an excellent candidate on this matter. A whole transcriptome RNA-
Seq analysis was conducted in 96 hours’ drought-stressed roots of BAT 477 plants inoculated with a
mixture of AMF. Differential gene expression analysis revealed the regulation 12,086 transcripts in
AM plants, and 11,938 transcripts in no-AM treatments, during stress. Furthermore, 71 transcripts
were selected as directly regulated by AMF inoculation in response to drought, between them:
transmembrane transporters like aquaporins, transcription factors, epigenetic regulation factors, post-
translation regulators and proteins associated to host-specific interaction. Laser-capture
microdissection microscopy coupled with RT-qPCR analysis validated our whole-root transcriptomic
analysis and helped in the localization of tissue-specific gene expression patterns of 23 selected
transcripts. From these, seven genes were only detected in cortical cells, being two up-regulated in
cells containing fungal structures, three down-regulated, and two (aquaporin PIP2;3 and f 1,3
Glucosidase) exclusively detect (Recchia et al., in preparation).

Dehydration Responsive Element-Binding (DREB) genes code for transcription factors (TF) that
are induced in plants in response to a variety of abiotic factors like water deficit, salt, cold and heat.
Thus, DREB genes were selected by our group as promising candidate genes for marker-assisted
selection (MAS) aimed at drought tolerance in common beans. An initial in silico search on both
Phytozome and NCBI public databases offered 54 putative DREB genes in P vulgaris genome
(Konzen et al., 2014). Gene expression analysis of four of them, PvDREBI, PvDREB2A, PvDREBS
and PvDREBGB, revealed both temporal and spatial variation among roots, stems and leaves of BAT
477 plants, and in relation to other common bean cultivars (Konzen et al., 2014; Konzen et al., 2015).
Additionally, the functional analysis of PvDREB6A revealed important prospects. This transcription
factor was located at the cell nucleus, being successfully transferred and expressed in Arabidopsis
(Pereira et al., in preparation). Four transgenic events with better expression of this gene were
selected: Col-0/pFEC2.1 #1, Salk 020767C/pFEC2.1 #13.1, Salk 020767C/pFEC2.1 #19.7 and
Salk 020767C/pFEC2.1 #23.7. Plants overexpressing PvDREB6A presented higher survival rates
than non-transgenic events under drought conditions.

Taking the drought tolerant genotype BAT477 as a model and comparing against different
genotypes with distinct histories of breeding and drought tolerance capacities, our group was able to
identify a series of candidate genes possibly involved in key regulatory pathways of common beans
response and adaptation to drought. Unraveling the role of these candidate genes might have
important applications for future breeding and engineering strategies aimed at developing bean
cultivars with improved performance under drought episodes.
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SOYBEAN CYST NEMATODE - A THREAT TO DRY BEAN PRODUCTION
Berlin D. Nelson Jr.
Department of Plant Pathology, North Dakota State University, Fargo, ND 58108

Soybean cyst nematode (SCN), Heterodera glycines, is a serious soybean pathogen that has
spread throughout the US soybean production area since the initial discovery in 1954 in North
Carolina. In 2003 SCN was found in southeastern North Dakota (Bradley et al. 2004), close to
the major dry bean production areas of North Dakota and northern Minnesota where there are
approximately 283,000 ha of dry bean. This area produces about 35 % of US bean production.
Since then, SCN has spread rapidly and is now in at least 20 counties of eastern North Dakota
from the border with South Dakota all the way to the border with Canada. SCN is also in a
number of counties in northwestern Minnesota. SCN has recently been found in counties with
high acreage of dry bean production which are primarily located in the Red River Valley of ND
and MN.

Although Phaseolus vulgaris has been known as a host of SCN since the 1930’s in Japan, SCN
has not been considered a major threat to dry bean or snap bean production in the United States
primarily because bean production has been in areas with limited or no occurrence of SCN. Only
recently has there been an awareness of the potential threat of SCN to bean production in ND,
MN, MI and Ontario where SCN has spread into bean production areas because of the
production of soybean in those areas. There have been limited studies on the effects of SCN on
dry and snap bean and until the report by Poromarto at al. in 2010, there had been no field
studies conducted to document yield loss from SCN. Research in North Dakota has shown that
SCN will reproduce on all of the most common bean types grown in the region such as pinto,
navy and kidney beans. SCN can cause yield reductions between 30 to 56% depending on the
egg density in the soil, environmental conditions and the specific bean type (Poromarto and
Nelson, 2009; Poromarto et al. 2010) (Figure 1). In addition to the potential yield loss associated
with SCN damage, another concern is the interaction of SCN with root rot pathogens which may
increase overall damage to bean roots.

Because of the potential threat of SCN to dry bean production in the ND-MN region, a research
program is underway at North Dakota State University to identify dry bean germplasm resistant
to SCN, understand the genetics of resistance and incorporate resistance into breeding material
for the eventual production of SCN resistant dry bean varieties. In addition, a strong outreach
program is underway to educate dry bean growers on the biology of this disease and its
management. Drs. Juan Osorno (bean breeder) and Phillip McClean (bean genetics) from Plant
Sciences, and Shalu Jain (research scientist), Sam Markell (extension pathologist row crops) and
Berlin Nelson Jr (soybean pathologist) from Plant Pathology are the principal scientists involved
in this effort. The research program is being funded by the Northarvest Bean Growers
Association and USDA specialty crop block grants.
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Figure 1. Effects of soybean cyst nematode (SCN) on growth of pinto dry bean plants. Plant on
the left is growing in soil with no SCN while plant on the right is growing in soil infested with a
high population of SCN. Notice the stunting and general poor growth of plant growing in the
presence of SCN. Photo courtesy S. Poromarto.
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TOWARDS AN UNDERSTANDING OF INTERACTIONS BETWEEN BACTERIAL
VIRULENCE FACTORS AND GENES IN BEAN RESISTANCE QTL FOR BREEDING
BEANS WITH DURABLE COMMON BACTERIAL BLIGHT RESISTANCE

Weilong Xie, Tom Smith, Gregory Perry, and K. Peter Pauls
Department of Plant Agriculture, University of Guelph, Guelph, Ontario, Canada N1G 2W1

INTRODUCTION

Common bacterial blight (CBB), caused by Xanthomonas axonopodis pv. phaseoli and its fuscan
variant X. fuscans subsp. fuscans, is a damaging disease of common bean throughout the world.
In order to understand the diversity of the CBB pathogen, 10 to 12 single colonies (lines),
purified from each of four Ontario collected bacterial isolates, were genotyped with diagnostic
marker of pathogenicity and phenotyped on susceptible cultivar Nautica. Seven selected pure
bacterial lines with differential aggressiveness were characterized by genome sequencing.
Differences in candidate virulence factors were identified that may be related to differences in
aggressiveness between the bacterial lines through interactions with the promoters of target
genes in bean resistance QTL.

RESULTS AND DISCUSSION

From the 10-12 colonies that were tested from each isolate, 100%, 8%, 30%, and 100% were
pathogenic for isolates ISO18, ISO98, ISO12, and ISO118, respectively, indicating that non-
pathogenic Xanthomonads existed in CBB pathogen populations. The X4c/X4e marker, a
diagnostic tool for pathogenic CBB pathogens reported by Audy et al. (1994), was present in
both pathogenic and nonpathogenic colonies of non-fuscans isolates (ISO18 and ISO98). In
contrast, X4c/X4e marker was absent in pathogenic colonies of fuscans isolates (ISO12 and
ISO118) (Fig. 1).

Non-fuscans Fuscans
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g. 1. Pathogenic diversity of four common bacterial blight isolates, collected from Ontario, Canada. Ten to 12 single colonies
purified from each of non-fuscans isolates (ISO18, ISO98) and fuscans isolates (ISO12, ISO118) were tested on susceptible
Nautica and were PCR amplified with X4c/X4e marker. Letters in parentheses of seven selected bacterial lines indicates the level
of aggressiveness, based on their CBB tests on 13 bean genotypes, with A representing the most aggressive. ISO98C4 is a
nonpathogenic (NP) Xanthomonas line. Red arrows indicate the colonies selected for whole genome sequencing.

Sequence alignment revealed that there was a segment of nucleotide sequence (86 bp) missing of
marker X4c/X4e in fuscans lines ISO12C3, ISO118C1 and ISO118CS5, explaining the absence of



X4c/X4e marker in their PCR amplification, and indicating that X4c/X4e might not be a good
marker for differentiating pathogenic and non-pathogenic Xanthomonas.

Fully assembled genome sequences of seven Xanthomonas lines were obtained by de novo
assembly. Genome sizes ranged from 5.32-5.36 Mbp (Table 1). Genomic comparison revealed
that: there are sequence inversions in the middle of chromosomes between a non-fuscans line
(ISO98C12) and a fuscans line (ISO118C1), and between our fuscans line ISO118CI1 isolated
from Ontario, Canada, with fuscans strain Xff str. 4834-R isolated from France (Darrasse et al.

2013) (Fig. 2).

Table 1. Genome sequences and type III effectors of seven pure bacterial lines

X. axonopodis pv. phaseoli Np Xanthomonas sp. X. fuscans subsp. fuscans
1SO18C2 ISO18C8 1S098C12 1S098C4 ISO12C3  1SO118C1 I1SO118C5
Pathogenicity D E A non-pathogenic C B B
Genome size (Mbp) 5.33 5.32 5.32 5.33 5.36 5.36 5.36
Type III effectors 24 24 24 24 30 30 30
Transcription activator-like
(TAL) effector 2 2 2 2 1 1 1
IS098C12 IS0118C1 1S0118C1 xff str. 4834-R  Fig. 2. Alignment of different genomes using Symap.
Non-f F , F . .
(Non-fuscans) (Fuscans) (Fuscans, Canada) (Fuscans, France) A Ahgnment between non—fuscans hl'le ISO98C12

“ with fuscans line ISO118C1. B Alignment between
| fuscans strain from Canada (ISO118C1) and fuscans
‘ strain from France (Xff str. 4834-R, Darrasse et al.
' 2013).

. P f A Blastn search of the 66 known type III
' effector genes identified 24-30 effector
J genes in those bacteria lines, including 1 to
; 2 Transcription Activator-Like (TAL)
effectors. Polymorphism in repetitive

A B central domain of a TAL effector exists in
those Xanthomonas lines with differential aggressiveness. Based on repeat-variable di-residues
(RVD) of TAL effector proteins, multiple binding sites were identified for less aggressive
bacterial lines but none for the most aggressive line ISO98C12, in promoter regions of QTL
resistance candidate genes (Perry et al. 2013 ) on Pv8 of resistant cultivar OAC Rex. Our results
suggested that polymorphism of TAL effectors might change the interaction between bean and
CBB pathogens, and the expression of disease severity. This information will facilitate breeding
bean cultivars with durable CBB resistance.
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DEVELOPMENT OF A BLACK BEAN LINE THAT COMBINES BRUCHID AND
MULTIPLE VIRUS RESISTANCE

Beaver J.S.!, Gonzilez, A., Trukhina?, Y., and Porch T.G.2

! Dept. Agro-Environmental Sci., University of Puerto Rico, Mayagiiez, Puerto Rico 00680
2 USDA-ARS, Tropical Agriculture Research Station, , Mayagiiez, Puerto Rico 00680

INTRODUCTION

Bean golden yellow mosaic virus (BGYMYV), bean common mosaic virus (BCMV) and bean
common mosaic necrosis virus (BCMNYV) threaten dry bean (Phaseolus vulgaris L.) production
in the lowlands of Central America and the Caribbean. The common bean weevil
(Acanthoscelides obtectus Say) can cause significant post-harvest losses.

MATERIALS AND METHODS

The black bean breeding line PR1464-4 was developed in Puerto Rico that combines resistance
to the common bean weevil and the aforementioned viral diseases. PR1464-4 was derived from
the cross ‘AO1012-29-3/XRAV-40-4’. AO1012-29-3 is a red kidney line derived from the cross
'R0jo*3///SMARC-2-PN-1//ICA Pijao*2/G40199° made by Dr. Paul Kusolwa and Jim Myers
that was selected in Puerto Rico for resistance to the common bean weevil. XRAV-40-4 is a
black bean cultivar released that has resistance to BGYMV, BCMV and BCMNYV (Beaver et al.,
2014). Marker-assisted selection was used at the USDA-ARS Tropical Agricultural Research
laboratory to determine the presence of alleles for resistance to BGYMV, BCMV and BCMNV.
PR1464-4 has the bgm-1 gene (SR2 SCAR marker) and the SW12 QTL that confers resistance to
BGYMYV and the 7 gene (SW13 SCAR marker) and the bc-3 gene (ENM CAPs marker) for
resistance to BCMV and BCMNV. The BCMNV resistance of PR1464-4 was confirmed in
greenhouse evaluations using the NL-3 strain. PR1464-4 was screened in the laboratory for
bruchid resistance. Seed samples (100 g) were infested with 25 adults of the common bean
weevil. A Completely Randomized Design with four replications was used.

RESULTS AND DISCUSSION

At 58 days after infestation, almost 90% of the seed of PR1464-4 showed no damage whereas >
50% of the seed of the susceptible check ‘Verano’ was damaged (Table 1). Less than 5% of the
seed weight of PR1464-4 was lost compared with 19.8% seed weight loss for the susceptible
check cultivar ‘Verano’. PR1464-4 has the molecular markers reported by Kusolwa et al. (2009)
for the APA locus from the wild tepary bean (Phaseolus acutifolius) accession G 40199.
PR1464-4 was harvested at 78 days after planting at Isabela, Puerto Rico. Seed yield of PR1464-
4 (1,230 kg/ha) in a drought-stressed trial planted in Puerto Rico in February 2015 was not
significantly different from the check cultivars ‘XRAV-40-4’ (1,579 kg/ha) and ‘Verano’ (1,322
kg/ha). PR1464-4 has an opaque black seed with a 100 seed weight of 18.7. Seed samples were
analyzed by the University of Missouri Agricultural Experiment Station Chemical Laboratories.
Crude protein of seed of PR1464-4 was 23.0% compared with 21.3% for ‘XRAV-40-4’ and
24.2% for ‘Verano’. (Table 2). The amino acid profiles of the bruchid resistant and susceptible
lines were similar. Trials are currently being conducted at Zamorano, Honduras to evaluate the
resistance of PR1464-4 to the Mexican bean weevil (Zabrotes subfasciatus) and different eco-
types of the common bean weevil.
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Table 1. Seed damage caused by Acanthoscelides obtectus Say in a laboratory evaluation

conducted at Isabela, Puerto Rico.

Line Seed type % seed damaged at 58 % seed weight loss at 58
days after infestation days after infestation

PR1464-4 Black 10.3 4.6

PR1464-6 Black 8.6 5.1

Verano (Susc.) White 51.0 19.8

AO1012-29-3-3A Red Kidney 8.2 4.9

AO1012-29-3-6B Red Kidney 6.3 4.4

Badillo (Susc.) Light Red Kidney 59.1 11.5

Mean 23.9 8.4

LSD (0.05) 6.0 3.4

CV. (%) 16.8 274

Table 2. Crude protein (%) and amino acid profiles of bruchid resistant lines PR 1464-4

and PR 1464-6 and bruchid susceptible cultivars ‘Verano’ and ‘XRAV-40-4’.

PR1464-6 XRAV-40-4
Amino Acid | PR1464-4 W/W% | W/W% Verano WwW% | WW%
Aspartic Acid 3.03 2.93 2.97 2.69
Threonine 1.13 1.11 1.01 0.95
Glutamic Acid 3.30 3.05 3.86 3.28
Proline 0.92 0.90 0.93 0.79
Glycine 0.94 0.89 1.00 0.89
Alanine 1.02 0.98 1.01 0.94
Cysteine 0.22 0.21 0.24 0.21
Valine 1.28 1.22 1.26 1.14
Methionine 0.28 0.26 0.33 0.28
Isoleucine 1.04 1.02 1.04 0.93
Leucine 1.80 1.68 1.92 1.72
Lysine 1.66 1.58 1.73 1.53
Total 16.62 15.83 17.30 15.35
Crude Protein’ 23.02 23.26 24.15 21.37

"Percentage N X 6.25. W/W%= grams per 100 grams of sample.
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MAPPING THE CO-1 LOCUS CONDITIONING ANTHRACNOSE RESISTANCE
IN COMMON BEAN

Grady Zuiderveen, Bilal Padder, Kelvin Kamfwa, and James D. Kelly

Plant Soil and Microbial Sciences, Michigan State University, E. Lansing MI 48824

INTRODUCTION

The dry bean (Phaseolus vulgaris) breeding program at Michigan State University (MSU) has a
long history of breeding for resistance to Colletotrichum lindemuthianum, the causal agent of
bean anthracnose. The first anthracnose resistant navy bean cultivars released were Sanilac in
1957 (Andersen et al., 1960) and Seafarer in 1968 (reviewed by Kelly, 1999). Both carried major
gene resistance to alpha race 17 but the gene was never fully characterized. Future cultivars with
the same resistance gene were later threatened by the emergence of new delta race 23 that
appeared in Ontario in 1970-80s (Wallen, 1976; Tu, 1988). Race 23 overcame the resistance in
most navy bean cultivars and virulence data suggested that the defeated resistance gene in the
MSU navy beans was the Co-/ (formerly 4 gene) gene on chromosome Pv01 (Kelly and Young,
1996; Kelly and Vallejo, 2004). Major shifts in the breeding program that focused on plant
architectural improvements in 1980-1990s (Kelly, 2000) resulted in a loss of the anthracnose
resistance in many of the first upright navy and black bean cultivars released by MSU. With the
appearance of new anthracnose races 7, 73 and 65 in Michigan in 1990s (Kelly et al., 1994;
Balardin and Kelly, 1996), research was undertaken to introgress anthracnose resistance into the
new upright germplasm and verify if the gene previously deployed in the MSU breeding program
was the Co-1 gene as this gene is widely believed to be of Andean origin and resides in many
North American kidney bean cultivars (Kelly and Vallejo, 2004). Crosses between Seafarer and
Montcalm kidney bean revealed allelism for resistance to race 17 (alpha) in segregating
populations (Young and Kelly, 1996) suggesting that the Co-/ resistance gene had been
introgressed into navy beans. Further studies revealed that the resistance gene in the related black
bean cultivar Raven was in fact the Co-/ gene and was independent of other resistance genes Co-
3, Co-4 and Co-5 on Pv04, Pv08 and Pv07, respectively (Young and Kelly, 1997).

The objective of the current study was to confirm if the gene conditioning resistance to race 73 in
the current black bean cultivar Jaguar (Kelly et al., 2001) is the Co-/ gene and conduct mapping
studies to verify its position and identify linked markers for breeding purposes.

MATERIALS AND METHODS

Reaction to anthracnose was investigated in an F4.¢ Middle American black bean population
consisting of 95 recombinant inbred lines (RIL) developed from a cross between Jaguar assumed
to possess the Co-1 gene with resistance to race 73 (Kelly et al., 2001) and Puebla 152 (landrace
cultivar known to be susceptible to race 73). The RIL population, along with the parents, was
screened for reaction to race 73 and genotyped using an Illumina BARCBean6K 3 BeadChip
with 5398 SNPs (Song et al., 2015).

RESULTS AND DISCUSSION
A major putative QTL for resistance to race 73 was identified on PvOl adjacent to SNP
$s715645251 at 50.30 Mb within the 58 kb region (50.26-50.32 Mb) where the Co-x was mapped
(Richard et al., 2014). This region likely corresponds to the major resistance cluster consisting of
the five alleles at the Co-1 locus.

Further confirmation came from a separate study conducted to confirm resistance gene
locations in a subset of 226 bean accessions from the Andean Diversity Panel (ADP; Cichy et al.,
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2015) that was screened with eight races of anthracnose to identify and map new sources of
resistance using a genome-wide association study (GWAS). Output from the GWAS detected a
major QTL for resistance to race 73 on PvOl that was linked to the same SNP marker
ss715645251 at 50.30 Mb (Zuiderveen, 2015). An InDel marker NDSU IND 1 50.2219 was
also identified that was linked at 3.2 ¢cM from the Co-/ gene in the RIL population. The InDel
marker (50.22 Mb) was present in genotypes possessing different resistant alleles except Co-I°
(Widusa) at the Co-1 locus including the Co-1 allele in Jaguar and the Co-x in Jalo EEP558. The
InDel marker should be useful for breeders in third world countries as it can be utilized to
integrate different resistance alleles at the Co-1 locus using marker assisted breeding in labs with
limited resources.
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INTRODUCTION

Anthracnose, caused by Colletotrichum lindemuthianum (Sacc. & Magnus) Lams.-Scrib., is a
devastating seed-borne disease of dry bean (Phaseolus vulgaris L.), causing substantial yield loss
under conducive environmental conditions (Schwartz et al. 2005). Seed-to-seedling transmission
of anthracnose has been demonstrated to be the most important factor in disease development,
providing an early source of inoculum (Dillard et al. 1993; Tu, 1983). The objective of this study
was to determine the effect of varying levels of seed-borne anthracnose on foliar disease
severity, yield and discoloration in harvested seeds under field conditions.

MATERIALS AND METHODS

Field trials were conducted in 2014 and 2015 in Morden, Manitoba in a randomized complete
block design with four replicates. Comparisons were made using; 1) disease-free seed and seed
grown from anthracnose infected plants sorted into three categories including 2) seeds that had
no visual symptoms of anthracnose and seed with 3) slight and 4) moderate discoloration.

RESULTS AND DISCUSSION

In 2014, weather was generally dry until approximately 65 days after planting. Plots planted to
disease-free seed displayed only a very low level of disease at the end of the season, most likely
from inter-plot spread (Fig. 1A). Planting seeds grown from infected plants, but displaying no
visible symptoms (symptomless), resulted in disease, but severity was less than when symptoms
of anthracnose were visible on the seed planted (slightly discolored and discolored). Yield and
the level of discolored seeds harvested when symptomless seeds were grown were not different
than when disease-free seed was grown; however, yield was significantly lower, and discolored
seeds harvested were significantly higher, when seeds planted had visual lesions (Fig. 2A and B).
In 2015, rain and high relative humidity were much more frequent, resulting in higher
anthracnose severity in all plots (Fig. 1B), including plots grown from disease-free seed.
Anthracnose severity in plots grown from symptomless seed was similar to seed with visual
symptoms. Yield decreased significantly with increasing discoloration of planted seeds (Fig.
2A). As was observed in 2014, discoloration in harvested seeds was significantly different in
symptomless compared to discolored seeds; however, in 2015, discolored seeds were harvested
from all diseased seed categories at a significantly higher rate than disease-free seed (Fig. 2B).
These results had not been previously demonstrated under field conditions and provide a very
vivid illustration of the dangers of planting seed that was produced in a field were anthracnose
was present, even if seeds appear disease-free. These trials also reinforce the impact conducive
weather can have on spread and development of this devastating disease.
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Figure 1. Disease severity (%) within plots during 2014 (A) and 2015 (B) field trials
across asymptomatic and symptomatic seed categories.
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Figure 2. Yield (A) and percent seed discoloration (B) across asymptomatic and
symptomatic seed categories in field trials conducted in 2014 and 2015. Bars of the
same color with the same letter above are not significantly different based on Fisher’s
protected least significance difference test (a = 0.05).
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INTRODUCTION

In common bean (Phaseolus vulgaris L.) six recessive alleles have been found to control the
resistance against Bean common mosaic virus (BCMV). Among these alleles, bc-3 was identified
as the mutated e/F4FE allele and able to provide the most effective protection against all BCMV
strains and against other potyviruses, when present in a homozygous state and in combination
with the bc-u helper allele (1). Because of its ability to confer complete, strain non-specific
resistance against BCMV and other legume-infecting potyviruses, the bc-3 allele has been
introduced by breeders into common bean germplasm to protect different market classes of dry
and snap beans against BCMV. In 2013, we found an isolate of BCMV, named 1755a, able to
replicate in the cultivar IVT7214 harboring bc-u, be-2, and be-3 alleles, and hence overcome the
bc-3 resistance allele. Here, we molecularly characterized this BCMYV isolate 1755a that was
able to replicate in bc-3 containing cultivar IVT7214. We also confirmed the presence of the
intact homozygous bc-3 CAPS marker and corresponding mutations in the e/F4E allele in
IVT7214. The whole genome sequence of 1755a was determined and found recombinant
between NL1, US1 (both PG-I), and a yet unknown BCMYV strain. NL1 and US1 shared large 3°-
proximal sections of the genome with BCMV isolates 1755a (PG-VIII), indicating that P1/HC-
Pro cistrons of BCMYV strains may interact with most resistance genes.

MATERIALS AND METHODS

The RNA extractions, RT-PCR, cloning and sequencing steps of 1755a were performed
according to the protocol described elsewhere (2). The complete viral genomes were assembled
using SeqMan (DNASTAR, Madison, WI). All sequences were initially analyzed using the
BLASTn 2.2.17 tool available at the National Center for Biotechnology Information (NCBI).
Open reading frames (ORFs) were identified using the ORF Finder program available at the
National Center for Biotechnology Information (NCBI). Complete sequences of BCMYV isolates
were aligned using ClustralX Ver. 2.0 (Conway Institute, UCD, Dublin). Further analysis was
conducted with the Recombination Detection Program v.4.16 (RDP4). Genomic DNA (gDNA)
was extracted from 0.1 g of young leaf tissue using the CTAB methodology as described in
Naderpour et al. (1). For CAPS analysis, a fragment of 541 bp of eIF4E was amplified by PCR
(1), using ENM-FWe and ENM-RVe primers (1). The 541-bp fragments amplified from the
gDNA extracted from bean cultivars SGR and IVT 7214 were cloned into the T-Easy plasmid
vector (Promega, Madison, WI). Three independent clones for each recombinant plasmid were
selected and subjected to sequencing at the Genewiz laboratory (South Plainfield, NJ) from both
ends of the cloned insert using plasmid-specific primers.
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RESULTS
Using the primer pair ENM-FWe/RVe, PCR fragments of 541-bp were amplified from both
susceptible genotype SGR and bc-3 carrying genotype IVT7214. Digestion with Rsal of PCR
products derived from IVT7214 generated 381-bp and 160-bp fragments, as expected for the
resistant, bc-3 carrying genotypes. The PCR products derived from SGR were not cleaved by
Rsal, suggesting susceptible genotype. These 541-bp PCR fragments were cloned and sequenced
from both genotypes. This partial elF4E sequences from both genotypes (SGR/IVT7214) were
aligned and one deletion and four codon differences affecting amino acid were found in this
genomic area: del/Thr(32), Asn/Lys(126), Phe/Tyr(161), Ala/Glu(194), Asp/Gly(299). The
nucleotide sequence change at 161 (T/A) introduced an Rsal cleavage site into IVT7214. Except
for the deletion in the SGR sequence at nt 32, all other changes were consistent with data
published from previous study (1).

The 1755a genome was found to be 10,064-nt long, excluding the poly (A) and encoded a
single polyprotein of 3,222 aa. The whole genomes for US1, and NL1 both from PG-I, together
with 1755a (KT175570, PG-VIII), were aligned using CLUSTALX and further analysis was
conducted with the RDP4 program package. Based on the RDP4 analysis, the 5’- terminal
sequences of isolates US1 and NLI1, between nt 1-2090, shared more similarities to each other
(98% identity) than to 1755a isolate (84% identity). The sequences of the downstream segment,
between nt 2091-6850 (position in alignment) in the NL1 and 1755a genomes were found to
have close similarities to each other (96% identity), while US1 was found to have 89% identities
to the NL1 and 1755a sequences in this area. The 3’-terminal genome segments between nt
6851-10076 (position in alignment), were found very similar among all three isolates (97-98%
identity) (Fig.1).

0 1 2 3 4 5 6 7 8 9 10kb
L |

CONCLUSIONS: We confirmed that
IVT7214 has the CAPS marker for bc- molmer [ ]I a [[wive] wo ]

3, and carries the mutated e/F4E allele Pathotype

associated ~ with  resistance  to ust | \
potyviruses. Our data also suggests
that 1755a was a recombinant derived
from NL1, USI (both PG-I), and a yet
unknown BCMV strain. The large 3°-
proximal sections of the genome
shared with these BCMV isolates [ peaost [ pMVunknonn
indicates that P1/HC-Pro cistrons of
BCMYV strains may interact with most

NLL |

Pathotype Viil

175, [ |

Fig. 1. Schematic representation recombination structure of 1755a,
. US1, and NY15P isolates of BCMV. Similar shading designates
resistance genes. homologous regions in the genomes of three different pathotypes of
BCMV.

REFERENCES:

Naderpour, M., Lund, O.S., Larsen, R., and Johansen, E. 2010. Potyviral resistance derived from
cultivars of Phaseolus vulgaris carrying bc-3 is associated with the homozygotic presence of a
mutated e/F4E allele. Molecular Plant Pathology 11: 255-263.

Feng, X., Myers, J.R., and Karasev, A.V. (2015) A Bean common mosaic virus isolate exhibits a
novel pathogenicity profile in common bean, overcoming the bc-3 resistance allele coding for the
mutated eIF4E translation initiation factor. Phytopathology 105: 1487-1495.

22



BREEDING COMMON BEAN FOR RESISTANCE TO WHITE MOLD

Shree P. Singhl, Howard F. Schwartzz, Henry Terzin3, Carlos Centeno'
and Kristen Otto

1University of Idaho, Kimberly, ID 83341; ’Colorado State Univ., Fort Collins, CO 80523;
’DuPont Pioneer, Salinas, PR 00751

INTRODUCTION

White mold is among the most severe diseases of common bean in North America and similar
environments elsewhere. Under favorable cool and humid conditions 100% crop loss may occur
on susceptible cultivars (Schwartz and Singh, 2013; Singh and Schwartz, 2010). Low levels of
white mold avoidance/resistance occur in the Middle American common bean. However, higher
levels of resistance occur in the Andean common bean and the highest levels in P. coccineus, P.
polyanthus, and P. costaricensis. White mold resistance and avoidance traits are quantitatively
inherited with low to moderate heritability, and controlled by >20 QTL. Also, major dominant
and recessive resistance genes in common bean, and a single dominant gene in P. vulgaris/P.
coccineus interspecific populations were reported (see review by Schwartz and Singh, 2013).

MATERIALS AND METHODS - BREEDING STRATEGY

A three-pronged breeding strategy comprising (1) introgression of resistance from distantly
related germplasm, (2) combining together or pyramiding resistance from across Phaseolus
species for high levels of broad-spectrum resistance, and (3) combining high levels of resistance
with other desirable traits into high yielding high quality cultivars simultaneously was carried out
between 2003 and 2015. Recurrent and congruity backcrossing for resistance introgresion, use of
multiple-parent crosses for pyramiding resistance and cultivar development, and use of multiple
Sclerotinia sclerotiorum 1isolates of different aggressiveness, multiple-inoculations/plant,
multiple evaluations between 7 and 60 days post-the first inoculation, and verification of the
resistance response at harvest was used. This was the severest greenhouse screening test ever
applied in Phaseolus beans for white mold resistance breeding.

RESULTS - RESPONSE OF BREEDING LINES DEVELOPED

We introgressed white mold resistance from P. coccineus into interspecific breeding lines VCW
54, VCW 55, and VCP 13 (Singh et al., 2009a, b, 2014a) and from P. costaricencis into VRW 32
(Singh et al., 2009a, 2012). We developed pinto breeding line PRP 153 and Andean breeding
lines PRA 152, PRA 154, and PRA 155 (Table 1, Singh et al., 2014a, b). To the best of our
knowledge the five newly developed breeding lines (PRA 152, PRA 154, PRA 155, PRP 153,
and VCP 13) posses the highest levels of broad-spectrum resistance to white mold developed to
date. Also, we combined white mold resistance with resistance to other major diseases for
common bean cultivars of four major market classes between 2003 and 2015.
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Table 1. Mean white mold disease scores for 2015 national Bean White Mold Nursery, selected common bean
checks, donor parents, and new Andean breeding lines PRA 152, PRA 154, and PRA 155 with pyramided resistance
for four to seven Sclerotinia sclerotiorum isolates, evaluated at 60 days post the first-inoculation in the greenhouse
at University of Idaho, Kimberly in the fall of 2015.

Sclerotinia sclerotiorum isolates

Genotype ARSIST ARS14D ND710 NY133 CO467 ARS12D ARS14M
2015 National Bean White Mold Nurseryt

Middle American

031-A-11 7.7% 7.3 7.8 7.3

039-A-5 9.0 9.0 8.2 8.5

ARS1003 8.7 8.7 6.5 8.3

B12724 9.0 9.0 9.0 9.0

Beryl 9.0 9.0 9.0 9.0

ICA Bunsi 9.0 8.0 8.7 9.0

Lighthouse 7.8 9.0 7.7 8.8

Mist 8.8 9.0 8.2 8.3

N13140 8.8 9.0 9.0 9.0

P14815 8.7 9.0 7.7 9.0

R12844 9.0 9.0 9.0 8.8

R13752 9.0 9.0 8.2 9.0

USPT-WM-12 7.2 8.2 8.5 8.3

Andean

A195 7.7 7.2 6.0 6.5

G122 7.0 8.3 5.7 6.3

VAI19 7.0 7.3 6.0 5.3

New common _bean breeding lines with high levels of broad-spectrum white mold resistance
Andean

PRA152 3.0 3.0 3.0 3.0 3.0 3.0 3.0
PRA154 3.0 3.5 3.0 3.0 3.0 3.0 33
PRA155 3.0 32 3.0 3.0 3.0 3.0 3.8
Middle American

PRP153 33 3.0 33 3.0 3.0 3.0 3.0
VCP13 3.0 33 3.0 3.2 3.2 3.0 3.7
Mean 7.1 7.2 6.7 6.9 33 3.0 3.1
LSD (P<0.05) 1.1 1.3 1.4 1.2 0.8 0.9 0.6

tAfter inoculation with the first four Sclerotinia sclerotiorum isolates there were no live plants left to inoculate with
other isolates.
tWHITE MOLD DISEASE SEVERITY WAS SCORED ON A1 TO 9 SCALE, WHERE 1 TO <4 IS
RESISTANT, 4 TO <7 INTERMEDIATE, AND 7 TO 9 SUSCEPTIBLE
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INTRODUCTION

Canning quality is a priority to the U.S. dry bean industry since most beans are delivered to the
market as a canned product. In black beans, color retention after processing is a major
component of canning quality. The objective of this research was to assess genetic variability for
color retention in a diverse set of black bean breeding lines and to test the ability of Vis/NIR
reflectance spectroscopy on dry seeds to predict canned bean color retention.

MATERIALS AND METHODS

Visible and near-infrared (Vis/NIR) reflectance spectroscopy scans. A laboratory Vis/NIR
spectrophotometer (Model 6500, Foss NIR Systems Inc., Silver Springs, MD, USA) was used to
acquire reflectance spectra from intact dry beans in the range of 400 to 2,500 nm collected at
increments of 2 nm, yielding each spectrum of 1,050 wavelengths (Mendoza et al., 2014).
Canning Quality: Dry seed of black bean lines were scanned using the sensing methods
described above. The lines included a RIL population of Shiny Crow x Black Magic (Cichy et
al., 2014), 70 U.S. black bean breeding lines contributed by the public bean breeders, and a
comparison of three varieties, Eclipse, Zorro, and Zenith across different planting dates and
harvest aid treatments (Goffnett et al, under review). They were evaluated for canning quality
according to the methods of Hosfield et al. (1984). Approximately one month after canning,
visual appeal and color were evaluated by 18-20 trained panelists. Model Development: The
analysis of Vis/NIR data was based on preprocessed reflectance spectra. The prediction
performance of applying first derivative, second derivative or wavelet transform preprocessing
methods were computed and compared. The best parameters were selected for predicting the
quality traits based on multivariate regression and classification analysis. The correlation
coefficients (R) and standard error of prediction (SEP) are presented.

RESULTS AND DISCUSSION

In a set of 70 black bean breeding lines from the U.S. public bean breeding programs, significant
variability for canned bean color retention was observed. The average color score (as rated by a
sensory panel) was 3.4, where 1 is very light brown and 5 is dark brown. The lowest score was
1.7 and the highest was 4.9. The ranges in colors and the sensory scores are shown in Fig 1.
Using Vis/NIR spectroscopy it was possible to use dry seed to predict canned bean color scores
at an R value of 0.87 when evaluating across 70 genotypes and at an R value of 0.97 when
evaluating across three genotypes (Fig 2.). These findings show the need to evaluate color of
canned black beans in the breeding program to assure acceptable color scores and the possibility
of using VIS/NIR to predict canned color scores on dry seed.
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Figure 1: Phenotypic variability for canned bean color retention in U.S. black bean
breeding lines and associated color score on a scale of 1 to 5 where 1 is very light brown
and 5 is very dark. * indicates a line with a shiny seed coat.
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Figure 2: Color Score Prediction in Canned Black Beans via Vis/NIR Spectroscopy
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INTRODUCTION
The seed coat darkens after harvest in some market classes of dry beans, including pinto bean.
This process is known as postharvest darkening (PHD) or after darkening. Several factors have
been associated with postharvest darkening in dry beans that including the environment, changes
in chemical composition of the seed coat during seed development and after harvest, and
genetics. In particular, higher levels of polyphenols, proanthocyanidins (PAs) and total flavonols
(kaempferol derivatives), have been implicated in PHD. Despite their beneficial effects on plants
and human health, polyphenols may be regarded as anti-nutritional compounds in colored beans.
These compounds are known to strongly affect iron bioavailability and have negative effects on
digestibility of proteins. Moreover, phenolic and polyphenolic compounds have been associated
with the hard-to-cook (HTC) defect in different studies. As a result, darkened seed coats are
discounted in the market place, since they are believed to be associated with lower nutritive
quality, increased cooking time, and a decreased palatability. To obtain pinto bean varieties that
retain their light background seed coat color, the ND trait was transferred from Wit-rood into the
genetic background of pinto bean with the objective of developing high yielding ND varieties
adapted for production in Ontario, Canada.

In spite of our knowledge about the genes involved in the expression of colors (P, C, R, J, D,
G, B, V, and Rk) and patterns (7, Z, J, Bip, and Ana) in common bean, and information that
brown or red-brown seed coat pigmentation may be caused by the accumulation of PAs and their
oxidation products, little is known about the role of color genes in biochemical reactions of
phenylpropanoid pathway in common bean. However, it is believed that a dominant allele at the
J locus is responsible for PHD phenomenon, while the homozygous recessive jj is associated
with the non-darkening phenotype (Elsadr et al. 2011). McClean et al. (2002) developed a STS
marker, OL4Ss, that was associated with the J gene on linkage group 10. The purpose of the
current study was to map the ND trait from the plant introduction Wit-rood, crossed into a pinto
bean background.

MATERIALS AND METHODS

A mapping population consisting of 128 Fs recombinant inbred lines (RILs) was developed from
a cross between Wit-rood and 1533-15. Wit-rood is a plant introduction (P1439540) from the
Netherlands with the appearance of a very pale cranberry bean. 1533-15 is a slow-darkening
pinto bean line from the Crop Development Center (CDC), University of Saskatchewan. In order
to obtain the segregation ratio for the trait, darkening trait was induced in F,.3 seeds based on an
accelerated darkening protocol (Junk-Knievel et al. 2007). Afterwards, two different methods for
phenotyping were used to assign each genotype to its respective phenotypic group: (1)
qualitative phenotyping which refers to visual screening of UV-irradiated seeds and placing each
genotype into its respective phenotypic classes based on the rate and extent of formation of
brown pigments in the seed coat and (2) quantitative phenotyping for which a colorimeter
apparatus (Konica Minolta CM-3500D, Osaka, Japan) was used to quantitatively assess the
variation among genotypes for seed coat pigmentation, before and after exposure to UV light.
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Quantitative phenotyping increases the accuracy of phenotyping which lead to precise detection
of QTL. Colorimeter readings were done for three seeds of each F¢ recombinant lines, before and
after exposure to UV light thus 6 variables were obtained. In order to test the null hypothesis
(Hop) that the observed phenotypic ratio follows the expected phenotypic ratio, a Pearson’s chi-
square test was conducted using Proc Freq in SAS 9.3 (SAS Institute, Cary, NC). Using
principal component analysis (PCA), a biplot was generated to select a numerical variable which
explains as much of the variation as possible within the colorimeter observations. A genetic map
was constructed using JoinMap 4.0 and QTL analysis was done using MapQTL 6.

RESULTS

Three distinct phenotypes of darkening were identified: (1) regular darkening (RD) which
darkens quickly with aging, (2) slow darkening (SD) which darken to a lesser extent than RD
beans, and (3) Non-darkening (ND) which never darken during storage. A phenotypic ratio of
9RD: 3SD: 4ND was obtained for the trait indicating a recessive epistasis between j and Sd loci.
Among 6 variables measured with a colorimeter, the a* value after exposure of the seeds to UV
light was selected to be included in QTL analysis. A major QTL underlying the ND trait was
mapped to a region between 36.8 cM and 41.57 cM on chromosome 10. The SNP marker
$s715647913 was tightly linked to the QTL with the LOD score 25.56 which explained up to
50.5% of phenotypic variance. Within this region 27 candidate genes were identified which will
be examined for their possible effects on postharvest darkening phenomenon.
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INTRODUCTION

Besides having high levels of nutritional components, common bean (Phaseolus vulgaris) also
contains a substantial amounts of antioxidants, present in polyphenolic compounds that are
synthesized via the phenylpropanoid pathway (PP). To date, no study has been done to profile
the expression of PP genes in common bean market classes.

MATERIALS AND METHODS

An RNA-Seq analysis was performed from immature seed samples (1-3 mm) of 19 different
common bean classes of different seed colour, shape and germplasm sources using Illumina deep
sequencing.

RESULTS AND DISCUSSION

A total of 27726 genes, 29665 CDS, 37287 TSS, and 73235 isoforms were identified. A
dendrogram developed from relative expression of 7000 differentially expressed genes showed
two distinct groups, one clearly contains only Andean landraces (SVMTH, Montcalm, OAC 03-
D1, Litekid, OAC 04-L1, Prim, PI 432687, Pompadour 1014) and the other one contains mostly
Mesoamericans (OAC Rex, AC Compass, Ica Pijao, Othello, PI 207210, 9438-140, Bat 93, Vax
4, LHX 3073) along with two Andean landraces (Jalo EEP558, XAN 159) (Fig 1).

The levels of transcripts between low and high antioxidant rich common bean classes identified
~ 260 differentially expressed PP-related genes and also their transcription factors (TFs). Among
them, 51 were known PP genes and their TFs in the core phenylpropanoid pathway, and 20 were
known genes were from other PP-linked pathways, such as genes in the shikimate pathway,
carbohydrate synthesis and fat metabolism.

Expression correlations were observed between the target genes and their transcription factors.
For example, MYBL-2 and TT2-2 were found to be the possible transcription factors for almost
all the target genes, such as: C4H, F3H, PAL-1, ANR, PvDFR-1, PvDFR-2, 4CL, CHS-1, PAL-2,
4CL-3, F3’H. RNA-Seq data was validated by qPCR.

These findings may facilitate the identification of candidate genes involved in the synthesis of
beneficial phenolic compounds in common bean and facilitate breeding lines with higher levels
of antioxidants.
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Fig 1. A heat map of ~7000 differentially expressed genes (DEG) in 19 different common beans.
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UNDERSTANDING AND IMPROVING FLAVOR IN SNAP BEANS: SCREENING THE
USDA PHASEOLUS CORE COLLECTION FOR POD SUGAR AND FLAVOR
COMPOUNDS
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The objective of our research is to gain knowledge regarding variation in sugar and flavor
content among a sample of dry bean and green pod-type accessions from the USDA Phaseolus
Germplasm Core Collection, Pullman, WA. Knowledge of the variation will allow better
utilization of germplasm resources in the development of new bean cultivars with more desirable
sugar and flavor profiles. The results of this project could be used to market product quality and
offer unique opportunities to expand market share to an increasingly health conscious
population.

We developed a diverse sub-core of 94 Plant Introductions (PI) characterized as snap beans,
Romano-types, and other beans eaten as edible immature pods, and 20 dry bean PI accessions.
In addition checks included a kidney bean (Montcalm, Andean gene pool) as well as 8 cultivars
(e.g. Caprice, Huntington, 04-88, OSU5402, OSU5630, Masai, Slenderpack, Tapia) representing
the various market classes consumed as edible green pods currently grown commercially in the
United States.

Accessions were grown in replicated trials at the West Madison Agriculture Experiment Station,
Madison, WI and five pods sampled from each plot when the pods were sieve size 4 (8.33-9.52
mm) 90° off the suture.

A large positive correlation (r=0.79**) was observed between the simple sugars glucose and
fructose. In contrast a large negative correlation was observed between the disaccharide sucrose
with both mono-saccharides, glucose (r=-0.37) and fructose (r=-0.43). Glucose concentration
had a mean of 19.96 mg g dry weight, and ranged from near zero to over 40mg g dry weight
(Fig. 1) P.I accessions with high concentrations of sucrose were generally heirloom and modern
commercial snap beans cultivars, e.g. Provider, Eagle, Cascade, Hystyle and BBL47. Fructose
concentration had a mean of 19.9 mg g dry weight, and ranged from near zero to over 50mg g
dry weight (Fig. 2).
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Distribution of Glucose (Fig. 1) and Fructose (Fig. 2) mg g'1 dry weight.
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Sucrose had a much lower mean concentration of 3.7 mg g™’ dry weight, and ranged from near
zero to over 14 mg g'1 dry weight (Fig 3).
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The range and concentrations of mono- and disaccharide sugars is consistent with those
previously observed by Vandenlangenberg et. al. (2012 a and b) in a recombinant inbred line
population derived from a cross between a black dry bean cultivar Puebla 152 and the white
seeded commercial snap bean cultivar, Eagle. The magnitude of wvariation for sugar
concentrations among both accessions from the core collection and the high heritabilities
previously identified the RIL population by Vandenlangenberg et. al. (2012 a and b) suggests
that selection should be effective in developing genotypes with high or low levels of mono- and
disaccharide sugars. The negative correlations between mono- and disaccharide sugars may
preclude high levels of all.

Vandenlangenberg, KM, Bethke, PC and J Nienhuis. 2012. Identification of quatitative trait loci
associated with fructose, glucose and sucrose concentration in snap beans. Crop Sci. 52:1593-
1599

Vandenlangenberg, KM, Bethke, PC and J Nienhuis. 2012. Patterns of fructose, glucose and
sucrose accumulation in snap and dry bean (Phaseolus vulgaris L.). HortScience 47: 874-878.
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BREEDING FOR A FAST COOKING BEAN: A STUDY OF GENOTYPES ACROSS
ENVIRONMENTS TO DETERMINE STABILITY OF THE COOKING TIME TRAIT IN
PHASEOLUS VULGARIS
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and Cichy, K"

'Michigan State University, Plant Breeding, Genetics, and Biotechnology, “Michigan State
University, USDA-ARS, Sugarbeet and Bean Research Unit, East Lansing, MI, 3Sokoine
University of Agriculture, Morogoro, Tanzania, 4 USDA-ARS, Prosser, WA, > USDA-ARS,
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INTRODUCTION

Dry beans (Phaseolus vulgaris) are an inexpensive and nutritious food containing high amounts of
protein, fiber, vitamins, and minerals [2]. Beans are consumed in many parts of the world
including the US, South America, and East Africa; however, beans require a long time to cook. In
addition, countries in Africa primarily use firewood as fuel for cooking.

Harvesting and burning of firewood on a weekly basis not only increases pollutants such as
CO, CO,, and particulates, but also results in local deforestation that typically would have a
mitigating effect on pollution. As women and children are often responsible for cooking in African
countries (spending an average of 25.6 hrs/wk on this task alone), they tend to have a higher
exposure to these pollutants and, thus, more likely to have health issues [4]. Development of faster
cooking beans would address these issues. This study compared two genotypes of brown dry bean
in different environments to assess effects on cooking time. Previous research has explored
environmental effects, but a dearth of research exists on a genetic component to cooking time
differences. This work represents the beginning of a larger project that will ultimately elucidate
areas of the genome associated with this trait.

MATERIALS AND METHODS

Previous experiments revealed significant variation within the Andean Diversity Panel [1]. Two of
these genotypes (TZ-27 [Incomparable] and TZ-37 [W616488]), from Tanzania, had contrasting
cooking times (slow and fast, respectively). These genotypes were grown in 8 different locations,
harvested, and transported to Michigan State University.

A sample of 30 seeds for each treatment was weighed before and after soaking (if applicable)
as well as after cooking. Seeds were soaked in deionized water for 12 hours at room temperature.
Cook time was measured on 25 seeds with a pin drop cooker in boiling deionized water [3]. Cook
time was recorded when 80% of the pins pierced through the beans. Cooking time of each sample
was measured on soaked and/or unsoaked seed.

RESULTS AND DISCUSSION

Soaking significantly lowered cook time in both genotypes compared to not soaking prior to
cooking. Though cooking time varied across different environments, two trends were observed.
When soaked, TZ-37 always cooked faster than TZ-27. The other trend was that the percent
difference in cooking time between TZ-27 and TZ-37 was remarkably stable across nearly every
tested environment. When soaked, a 45% cook time difference in TZ-37 compared to TZ-27 was
observed, but when unsoaked, this difference dropped to 10%. This is consistent with the
hypothesis that in addition to environmental conditions, there is a genetic component influencing
cooking time in dry beans. When unsoaked, cooking times, generally, were similar across
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genotypes and locations. These results suggest that some physiological change occurs during the
soaking process resulting in contrasting cooking times between TZ-27 and TZ-37.
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Figure 1. Comparisons of cooking time between TZ-27 and TZ-37 across multiple environments. Soaked
seed of TZ-27 was compared to soaked seed of TZ-37 across 8 different locations [SUA — Sokoine
University of Agriculture] (a). Unsoaked seed of both TZ-27 and TZ-37 was compared across 5 locations
(b). Error bars were generated using two replicates from each site performed in duplicate.
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PHYSIOLOGICAL RESPONSES OF TWO DROUGHT-TOLERANT COMMON BEAN
CULTIVARS

Androcioli, L.G.; Tomaz, J.P., Moda-Cirino,V.

Plant Breeding and Genetics Area, Agronomic Institute of Parana State, Londrina - Parana —
Braziltomaz@jiapar.br

INTRODUCTION

Brazil is the main global producer and consumer of common beans (Phaseolus vulgaris L.).
Currently, the country produces around 3.5 million tons with average productivity slightly more
than 1,000 kg ha™, but the yield potential of the crop could be higher if the occurrence of adverse
environmental conditions was minimized during cultivation. Drought is the main cause of yield
reduction, since 60% of common bean crops are in drought prone areas (FAO, 2009). The
intensity of the damage caused by water restriction depends on the crop development stage and
on the severity of drought period. The major reductions occur during the reproductive phase,
with losses that could reach 92% (Acosta-Diaz, 2009). Currently, the selection for drought
tolerance in common beans has been carried out through assessment of the characteristics
associated with yield, but it requires a long process, what limits the improvement on breeding
efficiency. However, despite of the efforts to find secondary characteristics (related to plant
physiology) associated with drought tolerance, few are validated and can be used in tolerant
cultivar selection. The aim of this study was characterizing the physiological responses of two
drought-tolerant common beans during the reproductive period.

MATERIAL AND METHODS

The experiment was conducted from June to September of 2014 under controlled greenhouse
conditions, located in the experimental area of the Agronomic Institute of Parana State - [APAR,
Londrina - PR, Brazil, using BAT 477 and IAPAR 81 drought tolerant cultivars (Beebe, et al.,
2013; Moda-Cirino, et al., 2001). The experimental design was randomized blocks, with split-
split plots and six replications. The plots were consisted by with and without water deficit, the
sub plots by the cultivars and sub-sub plots by four water deficit periods (0, 4, 8 and 12 days),
starting when the plants were in RS phenological stage and ending up at the R8 stage. Mock
plants were grown under 80% of pot capacity, while the plants under water deficit were
cultivated under 30% of pot capacity. During water deficit periods rate of photosynthesis,
transpiration, stomatal conductance, internal concentration of CO, and leaf temperature were
assessed, using the infrared gas analyzer (IRGA) instrument. In addiction, instantaneous
carboxylation efficiency and water use efficiency were also estimated. Data were subject to
Scott-Knottt test (p<0,05) for classes grouping.

RESULTS AND DISCUSSION

In the early drought periods (4 days), the cultivars showed low reduction rates in all
physiological variables evaluated. IAPAR 81 showed tolerance until eighth day of drought
(Figure 1B and F), presenting drought tolerance mechanisms more efficient than observed for
BAT 477 in all evaluated variables (Figure 1). Probably the tolerance is caused by the absence of
sharp drop in the amount of internal carbon in the early days of drought (Figure 1). It indicates
that in this cultivar, Rubisco is maximizing the efficiency of CO, usage and hence reducing the
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drop rate of photosynthesis. BAT 477 showed the best mechanisms for maintaining
photosynthesis rate when subjected to 30% of pot capacity after 12 days of drought (Figure 1A).
This water regime is not a limiting factor for maintenance of photosynthesis rate in BAT 477
cultivar. TAPAR 81 presented constant leaf relative water content (RWC), showing no
differences between stressed and irrigated plants (Figure 1J). It could be an osmotic adjustment
mechanism, since plants can maintain high WRC values, associated with low water availability
in the soil. Based on the results it is possible to conclude that both cultivars presented distinct
strategies for drought-tolerance: BAT477 presented higher gas exchange homeostasis, while
IAPARSI has better RUBISCO usage and leaves turgidity constancy.
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Figure 1. Monitoring of gas exchange and leaf relative water content of two common bean
cultivars submitted for 12 days to two water regimes during the reproductive stage: without
deficit (mock: 80% of pot capacity) and with deficit (30% of pot capacity). A and B.
Photosynthesis rate of BAT 477 and IAPAR 81 cultivars. C and D Stomatal conductance of
BAT 477 and IAPAR 81 cultivars. E and F. Internal carbon content of BAT 477 and IAPAR 81
cultivars. G and H Internal efficiency of carboxylation of BAT 477 and IAPAR 81 cultivars. 1
and J. Leaf relative water content of BAT 477 and IAPAR 81 cultivars. Lower case letters
represent average groupings by Scott-Knottt test (p<0,05) among water regimes in the same
evaluation period. Capital letters represent the average groupings among means in the same
water regime in different evaluation period.
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MINERAL DISTRIBUTION IN THE SEED COAT, COTYLEDONS AND EMBRYONIC
AXIS IN COMMON BEAN CULTIVARS FROM DIFFERENT CENTERS OF ORIGIN
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INTRODUCTION

Information about the genetic variability in the distribution and accumulation of minerals in the
different structures of common bean seed is important, since there is evidence that the embryo
and seed coat have different bioavailability of some nutrients essential to the human diet. The
objective of this study was to evaluate the genetic variability for the accumulation of the
minerals K, P, Ca, Mg, Cu, Zn, B, Mn, Fe and S in the seed coat, cotyledons and embryonic axis,
in the seeds of common bean cultivars, belonging to different commercial groups from Andean
and Mesoamerican origin.

MATERIAL AND METHODS

Ten common bean cultivars were studied (BRS Radiante, IPR Gar¢a, Red Hawk, Jalo Precoce,
Hooter, IPR Gralha, IPR Siriri, [PR Juriti, [APAR 31, IPR Uirapuru). The seeds analyzed were
obtained from field experiments carried out in rainy season of 2007/2008, in Londrina Parana
State (lat 23° 22°, long 51° 10°, 585 m asl). The experimental design used was randomized
blocks with four replications. The control of pests, diseases and weeds were made according to
technical recommendation for culture. After harvest, the seeds were collected and stored in cold
chamber (5,6°C and humidity abouth 33%). The mineral levels (K, P, Ca, Mg, Cu, Zn, B, Mn, Fe
and S) were determined in the different fractions of the seed (cotyledons, embryonic axis and
seed coat). In the laboratory, the seeds were washed with tap water and then in distilled water.
Then, 1,000 seeds were placed in a becker with a liter of distilled water. After an hour
maceration, the tegument, embryonic axis and cotyledon were separated. The tissues was dried at
60°C during 48 hours. The tissues were then ground and homogenized in a Wiley mil, and 0.4 g
samples were removed and subjected to nitropercloric digestion with 3:1 ratio HNO3;: HCIO4
solution (Miyazawa et al., 1999). The mineral content was determined with na atomic emission
spectrophotometer (Thermo Jarrell Ash ICAP 61E). The data were subjected to analysis of
variance (ANOVA) by applying the F test at a 5% and 1% probability level.

RESULTS AND DISCUSSION

The cultivars showed genetic variability for the levels of K, Ca, Mg, Cu, Mn and Fe. The seed
fractions (seed coat, embryonic axis and cotyledon) showed different mineral compositions. The
seed coat represents 8.5% of the total dry weight of the seed, the cotyledon 90.3% and the
embryonic axis 1.2%. These values were similar to the ones reported by Ariza-Nieto et al.,
(2007). The seed coat is variable and depends on the type of beans. In this study it was found that
the seed coat represented 7.7% (IAPAR 31) to 10.4% (Hooter) of the total dry matter of the
seeds. The proportion of minerals in the different fractions of the seed must be taken into
consideration in the nutritional value of processed grains. If during grain cooking the seed coat is
removed, the mineral nutrients that are present in greater proportion in this fraction can be lost.
The minerals show differentiated accumulation in the fractions of the seed. Higher percentage of
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the minerals K, P, Mg, Cu, Zn, B, Mn and Fe were found in the cotyledon, except for the mineral

Ca that is present in greater proportion in the seed coat (Figure 1).
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Figure 1. Percentage average of ten minerals in the different fractions of the seed (cotyledons,
embryonic axis and seed coat) evaluated in seed samples of ten common beans cultivars.
Londrina - PR, rainy season of 2007/2008.
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INTRODUCTION

Angular leaf spot (ALS), incited by Pseudocercospora griseola (Sacc.) Crous & U. Braun, is one
of the most widespread diseases of common bean (Phaseolus vulgaris L.). ALS cause significant
loss of common bean yield in tropical and subtropical regions, mostly in areas with moderate
temperatures and high humidity (Pastor-Corrales et al. 1998). The fungus P. griseola grows
slowly in artificial culture medium (Correa-Victoria et al. 1989), and obtaining satisfactory
amount of inoculum still one of the major challenge related to the management of this fungus in
laboratory. Therefore, the objective of this work is introduce a new culture medium based on
green bean for increasing sporulation of P. griseola.

MATERIAL AND METHODS

This work was developed at the Nucleo de Pesquisa Aplicada a Agricultura (Nupagri) of the
Universidade Estadual de Maringa (UEM), Parand state, Brazil. The new culture medium
protocol consisted of: 200 g green bean, 17 g agar, 3 g CaCos and distilled water to complete
1000 mL. An experiment was carried out to test the efficiency of the new medium for increasing
sporulation of P. griseola. Two different media were used: the new green bean medium and the
V8 medium (200 mL V8 juice, 17 g agar, 3 g CaCos and distilled water to complete 1000 mL).
Evaluation of the number of spores was performed at 12, 15, 19 and 21 days after seeding the
spores of P. griseola on both media, following the methodology described by Sanglard et al.
(2009): a mycelium fragment of 0.5 cm in diameter of the P. griseola isolate PG002 was
transferred to a test tube containing 1 mL of sterile water. The mycelium was macerated with a
sterile wooden stick and the suspension was transferred to Petri dishes containing fresh medium.
The plates were kept in BOD in absence of light at 25°C until the evaluation. The experiment
was conducted in a completely randomized design with eight treatments arranged in a 2x4
factorial, corresponding of two media (green bean medium and V8 medium) evaluated at 12, 15,
19 and 21 days after seeding the spores on the media, with four replications. Each replication
was constituted of one petri dish containing the corresponding medium. The number of spores
was determined by adding 10 mL of sterile water to each plate surface and the conidia and
mycelium fragments were scrapped with a sterile spatula. The suspension was filtered through
gauze and the spore concentration was determined through the average of spores in 16
independent measures on the corner squares of hemocytometer. Analysis of variance for a
completely randomized design was performed to test the significance of medium, time and
medium x time interaction effects, and the effect of time was analyzed by regression.

RESULTS AND DISCUSSION

This is the first attempt and success on cultivating angular leaf spot fungus in artificial medium
made of green bean, and results showed that the medium is quite efficient in increasing the
number of spores. According to the analysis of variance for number of spores of P. griseola,
there is no interaction between the two tested media and days after plate inoculation (Table 1).
However, significant difference on amount of spores between the green bean and V8 media was
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observed. The average of number of spores of P. griseola when the fungus was grown on green
pod medium was 28.0 spores, while the number of spores of the fungus was grown on V8
medium was 22.4 spores. The data demonstrate that the culture medium based on green bean
produced higher amount of spores of the ALS pathogen than the traditional V8 medium, the
mostly used medium to induce sporulation of this pathogen.

Table 1. Analysis of variance for number of spores of P. griseola obtained from green bean and
V8 media at 12, 15, 19 and 21 days after inoculating the plates

Source DF Sum of Square Mean Square F Value Pr>F
Medium 1 068.41 068.41 10.89 0.003
Time 3 3883.13 1294.37 21.08 <.0001
Medium x Time 3 480.66 160.22 2.61 0.0748
Error 24 1473.48 61.39

Total 31 6505.68

The number of spores evaluated at 12, 15, 19 and 21 days after plate inoculation adjust to a cubic
function (Figure 1). The higher sporulation of P. griseola for both green bean and V8 media
occurred at 12 to 15 days, with severe reduction of the number of spores at 19 and 21 days. As
reported, P. griseola has low growth rate in vitro, what might be a genetic characteristic of the
fungus (Stenglein et al. 2006). However, a significant increment on the spores production was
observed when the fungus were grown on green bean medium. Additionally, we observed that
spores grown on green bean culture medium showed better formation and bigger size compare to
the spores grown on V8 medium. This new protocol for increasing sporulation of ALS pathogen
has been efficiently used in Nupagri’s laboratory to obtain high quality inoculum and improve
ALS evaluation on common bean plants.

° _ GreenbeanY = -502.60 + 117.33x - 8.00x2 + 0.17x3
- V8 Y =-700.30 + 136.79x - 8.23x2 + 0.15x3

Number of spores
10 20 30 40 50 60 70
|

T T T T T

12 14 16 18 20

Days after seeding culture media

Figure 1. Regression analysis of number of spores of P. griseola obtained from green bean and
V8 media at 12, 15, 19 and 21 days after seeding the spores of the pathogen on the medium
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INTRODUCTION

The angular leaf spot, caused by the pathogenic fungus Pseudocercospora griseola, is one of the
most widespread diseases in common bean (Phaseolus vulgaris L.) producing areas. The use of
resistant cultivars is indicated as an effective strategy to control the ALS pathogen (Miklas et al.
2006). Various resistance genes, named Phg-, conferring race specific resistance to different
races of P. griseola have been identified. However, the strength of the resistance is complex, and
a pathogen such P. griseola shows high diversity in its virulence (Pastor-Corrales and Tu 1989).
In this work, the differential cultivars of angular leaf spot were used to characterize P. griseola
isolates from infected common bean plants from Ponta Grossa, Parana state, Brazil. In addition,
these isolates were characterized through sequencing of the internal transcribed spacer (ITS)
region.

MATERIAL AND METHODS

This work was conducted at the Nucleo de Pesquisa Aplicada a Agricultura (Nupagri) at the
Universidade Estadual de Maringd (UEM), Parand state, Brazil. Leaves with angular leaf spot
symptoms from common bean infected plants were collected in Ponta Grossa, located in the
center of Parand state. Monosporic cultures of isolates of the fungus P. griseola were performed
as described by Sanglard et al. (2009). A total of five isolates were obtained and the cultures
were replicated in Petri dishes containing green bean medium (200 g of green bean, 17 g of agar,
3 g of CaCos and distilled water to complete 1000 mL) and kept in BOD in absence of light at
25°C for 12 days. The race identification was performed using the set of 12 ALS differential
cultivars proposed by Pastor-Corrales and Jara (1995). Ten seeds of each differential cultivar
were sown in trays containing soil in trays and kept in greenhouse condition for 17 days. The
first trifoliolate leaf of each plant was inoculated with a spore suspension adjusted to 2 x 10*
spores.mL™" and transferred to a chamber for 72 h at 22°C and humidity >95%. The evaluation of
the symptoms was performed according the scale proposed by Inglis et al. (1988). The genomic
DNA extraction was performed from the mycelial mass previously stored at -20°C, using a
CTAB protocol. The ITS1-5.8S-ITS2 regions of the rDNA were amplified by PCR using the
primers  ITSIF (5 CTTGGTCATTTAGAGGAAGTAA 3’) and ITS4 (58
TCCTCCGCTTATTGATATGC 3’) and the PCR products were visualized in a 0.8% agarose
gel. The PCR product was purified using the PureLink PCR Purification Kit (Invitrogen) and the
sample were sequenced at the Centro de Estudos do Genoma Humano e Células-Tronco CEHG-
CEL of the Universidade de Sao Paulo (USP), Sdo Paulo state, Brazil. The analysis of the DNA
sequences and construction of the phylogenetic tree were performed using BioEdit 7.2.5 and
MEGA 5.2.2 software. For the phylogenetic tree construction, nine sequences of the ITS1 and
ITS2 regions of Pseudocercospora spp. from the GenBank database were selected, based on
their similarity to the isolates from Parana state (Figure 1).
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RESULTS AND DISCUSSION

All P. griseola isolates using the ALS differential cultivars allowed the identification only the
race 63-63. This is the first report of the occurrence of 63-63 race of P. griseola in Parana state.
Race 63-63 showed high virulence, overcoming the resistance of all differential cultivars. This
race is broadly distributed through the Brazilian producing areas and its presence was confirmed
in Santa Catarina, Minas Gerais and Goias states (Nietsche et al. 2001, Sartorato 2002).
Phenotypic and molecular data on pathogen variability have supported the separation of P.
griseola into two major groups: Andean (P. griseola f. griseola) and Mesoamerican (P. griseola
f. mesoamericana) (Guzméan et al., 1999). Therefore, the compatibility of race 63-63 to the
Andean and Mesoamerican cultivars Don Timoéteo, G 11796, Bolon Bayo, Montcalm,
Amendoin, G 5686, PAN 72, G 2858, Flor de Mayo, Mexico 54, BAT 332, Cornell 49-242,
revealed a tendency of the isolates belong to the Mesoamerican gene pool. The phylogenetic tree
based on the DNA sequences of the ITS-rDNA regions evidenced the presence of two major
groups (Figure 1). A group of isolates recovered from species P. vitis, P. eucalyptorum and P.
paraguayensis, and a group including the P. griseola isolates. The five isolates from Ponta
Grossa (PGO01-PGO005) show high similarity to the P. griseola f. mesoamericana isolates
retrieved from the GenBank database, confirming the Mesoamerican origin of the isolates
collected in Parand. On the other hand, the Mesoamerican group was clearly divergent from the
Andean isolates previously described in the literature.

P. grisecla . mesoamericana (JX454549.1)
PGOOI
PGOOZ
PGOO3
PGOO4
PGOOS

P grisecla . mesoamericana (JX454546.1)

P grisecla |- mesoamericana (JX454557 1)

P grisecla f. mesoamericana (JX454563.1)
P. griseola f. griseola (GU384559.1)

L P. griseola [ griseola (JX454538.1)
Pseudocercospora vitis (EF535721.1)

Pseudocercospora eucalyptorum (GU269659.1)

Pseudocercospora paragudyensis (GQ852634.1)

0.005
Figure 1. Phylogenetic tree of 14 isolates of Pseudocercospora spp., based on DNA sequences of
ITS1-5.8S-ITS2 genomic region.
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INTRODUCTION

Powdery mildew (PM) is a widespread plant disease caused by Ascomycete fungi, including a
broad range of genera and species within order Eryshiphales. Geographic distribution of this
disease is increasing rapidly in different parts of the world. This expansion has been related to
global climate change (Glawe 2008). Qualitative resistance have been described in common
bean, being indirectly located two genes on linkage groups (LG) Pv04 and Pvl1 (Pérez-Vega et
al. 2013). The objective of this study was to identify the gene/es conferring total resistance
response against PM in the cultivar Porrillo Sintetico, combining genetic, genomic and
transcriptomic analyses.

MATERIAL AND METHODS

A population of 160 F,.; families obtained from the cross X2776 x Porrillo Sintetico was used.
X2776 is a breeding line developed in SERIDA. Porrillo Sintetico is a resistance source against
PM. A local isolate of PM, maintained on plants of susceptible bean cv. Xana in spore-proof
chambers, was used. Resistance tests were carried out according to Trabanco et al. (2012). Plant
responses were recorded as infection type (IT) following a 0-4 scale, where ITO is no visible
symptoms, and T4 abundant mycelial development on leaves and profuse sporulation (Trabanco
et al. 2012). Mapmaker V2.0 software was used for linkage analyses (Lander et al. 1987).
Relative gene expression was estimated using quantitative reverse-transcription polymerase
chain reaction technique and the 2 method (Livak et al. 2001).

RESULTS AND DISCUSSION

Line X2776 showed an intermediate resistance response against PM (IT3), and Porrillo Sintetico
showed a total resistant response (ITO). Observed segregation of PM resistance in the F,3
population was: 37 families with ITO response, 69 families having seedlings with IT3 and ITO
response, and 44 families with IT3 response. This ratio fitted the expected for one gene (y%1.2:1=
1.61; p= 0.45). The gene conferring ITO response was mapped on LG Pv04 (Fig. 1A), flanked
between INDEL markers IND4 00798 (0.4 cM) and IND4 02324 (1.8 ¢cM), whose physical
positions on chromosome 4 are 79.827 bp and 232.391 bp, respectively. Microsatellite markers
were developed within this region on the basis of the common bean sequenced genotype G19833
(www.phytozome.net). Fig. 1B shows in detail the linkage map obtained for this region. A co-
segregation was observed between the PM resistance gene and SSR markers Chr4 SSR4,
Chr4 SSR8, Chr4 SSR10, and Chr4 SSR15. The PM resistance gene was flanked by markers
Chr4 SSR4 and Chr4 SSR25, with a physical position of 84.202 bp and 218.664 bp,
respectively.

In the reference genome G19833, seven predicted genes and a gap of 68.873 missing values,
have been reported in this chromosome region (Fig.1C). Considering their functional
annotations, three genes were discarded since no functional annotations for them had been
described. The remaining four genes are candidate to be involved in the resistance response
against PM.
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resistance gene). Map distances are expressed in centiMorgans using the Kosambi mapping
function. (B) Detail of the genetic linkage map between 79.827-232.391 bp of chromosome 4.
(C) Genes predicted between 84.188 and 218.664 bp of chromosome 4 in the bean sequenced
genotype G19833 (www.phytozome.net). The annotated function for each locus is indicated in
italic. "-", no functional annotations; "N", missing base pair values.

Relative expression levels of each one of the four candidate genes were evaluated in both
parental genotypes under two conditions, without inoculation, and 72 hours after inoculation.
Only the gene Phvul.004G001500 was significantly up-regulated in the resistant genotype
Porrillo Sintetico 72 hours after PM infection (Fig. 2), suggesting that is involved in the resistant
response. The functional annotation for this gene is an elongation factor, having a molecular
function of protein binding. Currently, Phvul.004G001500 intragenic variation between
genotypes X2776 and Porrillo Sintetico is being studied in order to identified putative changes
that could support their different response against PM infection.

Fig. 2. Relative expression levels 72 hours after PM Oxarve O Porilo Sintetco
inoculation for genes Phvul.004G001200,
Phvul.004G001300, Phvul.004G001400 and
Phvul.004G001500 in the genotypes X2776 and
Porrillo Sintetico using the 2**“* method. Data points
are average values of three biological independent
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150 _I_
experiments, and four replicates per sample in each 100 —

experiment. Standard error is showed. ***p < 0.001, 050 ~|_r m— ~{ -
statistical significance calculated with Student’s t-test. o
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INTRODUCTION

Cranberry beans from regular (RR) and nondarkening (CND) genotypes were pressure cooked,
and free, conjugated, and bound phenolics were analyzed. Simulated in vitro gastrointestinal
digestion was used to assess the bioaccessibility of these phenolic fractions.

MATERIALS AND METHODS

A pressure-soaking and -boiling method was
employed consisting of a 30 min soak under pressure
followed by a 15 min cook under sustained pressure.
This method was able to quickly cook the beans with

minimal soaking time required. The beans had also ~

preserved their structural integrity following thermal
processing. Various methods were used to quantify
the loss of phenolic content following pressure
cooking, including the folin-ciocalteu method which
was used to determine total phenolic content (TPC).

RESULTS AND DISCUSSION

TPC was significantly decreased for both cooked RR
and CND by 8.54 and 31.20%, respectively. Cooked
RR had higher TPC (2.40 mg GAE/g) compared to
cooked CND (0.43 mg GAE/g). Flavonoids were
much more susceptible to degradation following
pressure cooking, as evidenced by a loss of 57.79 and
100% in cooked RR and CND, respectively. Total

3.0
S 25
8
Qo
©20
<
S15

o
E10

a
b
I I ] o
= .
RR, RR, CND,  OND

Figure 1. Effect of pressure cooking on phenolic
content (A, TPC; B, TFC; C, PAC) and
antioxidant activity (D, ORAC) of 70% MeOH
crude extract except for PAC, which was
extracted by 65% acetone. Bar data are expressed
as the mean = SD, n = 3. Bars marked with the
same letter above are not significantly different (p
< 0.05). Regular Red Rider (RRC) and
nondarkening (CNDC) cranberry beans were
pressure soaked for 30 min and pressure cooked
for 15 min (10.2—11.6 psi).

ORAC (umole TE/g bean)

proanthocyanidins (a subclass of polymeric flavonoids), quantified using the DMAC method,
decreased by 32% following pressure cooking in RR and were undetected in raw and cooked
CND. The decrease in overall phenolic content contributed to a significant decrease in
antioxidant capacity measured with the oxygen radical absorbance capacity (ORAC) assay.
HPLC-DAD, used to characterize and quantify free (FP), conjugated (BHP) and bound phenolics
(BPB) in RR and CND before and after pressure cooking, showed that the FP fraction consisted
of: flavan-3-ols; procyanidin, catechin, and epicatechin; and phenolic acids; p-coumaric and
ferulic acids (Figure 2A). The flavan-3-ols were exclusive to RR; however, both lines contained
the phenolic acids p-coumaric and ferulic acid. Following pressure cooking, all flavonoids
monitored in the FP fraction decreased, while the phenolic acids remained unchanged in RR and
increased in CND (p < 0.05). Conjugated phenolics in the BHP fractions included p-coumaric,
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ferulic, and sinapic acids and were present in both lines, however, in higher concentrations in
RR. Pressure cooking significantly decreased the concentrations of these phenolic acids (p <
0.05). Flavan-3-ols in the bound BPB fraction increased following cooking in RR, this mainly
included catechin and procyanidin. In both RR and CND, bound ferulic and sinapic acids also
increased significantly following cooking (p < 0.05). In vitro gastrointestinal digestion,
(simulated by the Englyst method) was used to determine bioaccesibility of polyphenols to the
small intestine. When comparing to solvent extracted results, the bioaccessible polyphenols
represented 8.75 and 14.69% of total phenolic content in RR and CND, respectively and 60.97
and 53.91% of phenolics from RR and CND, respectively, were bioaccessible to the small
intestine. These results show that although CND possess significantly less phenolic content
compared to RR, this difference is not reflected in the bioaccesibility of polyphenols, suggesting
that a large portion of phenolics are not accessible and are in fact insoluble or non-digestible and
may be released by microbial hydrolysis in the large intestine.

We postulated that colonic bacteria in the large intestine can secrete carbohydrate-
hydrolyzing enzymes capable of releasing bound phenolics. A series of cellulolytic enzymes
(Viscozyme, Cellulase and Pectinase) were used on cooked bean residues (which should only
have bound phenolics) obtained after triple extraction with 70% methanol to release all free,
soluble phenolics. The treatments extracted ferulic, sinapic
and p-coumaric acids from both RR and CND, but at
concentrations of bound phenolics were significantly A
lower when compared to that released by alkaline . l‘
hydrolysis in BPB. However, the RR and CND bound -
phenolics released by enzymatic hydrolysis did not differ
significantly, suggesting that in physiological conditions, . ‘
the differences in bound phenolic contents between that of
RR and CND are much smaller than assessed by alkaline ]i

hydrolysis methods. Additional differences between CND | N | c
and RR cranberry beans were observed by differential ’

scanning calorimetry, which measures the enthalpy of the “| k| T D
melting of the amylose-lipid complexes, even though no |

differences in starch content (including, rapidly digestible, 3—~—'—--——J~- e L | E e e——

3 W 2 min

slowly digestible and resistant starches) were observed. - 5 R o HPLC DAD
These could be due to increased presence of phenolics in | 18W¢ 2. Representative i

. ) chromatograms monitored at 280 nm of
RR whlch has been shown to cause the degradation of g, (A, FP), conjugated (B, BHP), and
amylose-lipid complexes. Further studies are warranted  bound (C, BPB) phenolic fractions from
in order to assess the overall health benefits between  pressure-soaked and -cooked regular Red

regular and non-darkening cranberry beans. Rider (RR) cranberry bean cultivar.
Chromatograms D and E are in vitro

gastrointestinal digested phenolics from
cooked RR and cooked nondarkening
(CND) cranberry beans, respectively.
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INTRODUCTION

One of the major causes that limits yield instability is drought stress (Ozturk et al. 2002) and
consequently, great efforts have been made to breed and obtain drought-tolerant cultivars.
Modern agriculture is often challenged to keep crop yields under adverse stress environmental
conditions (Lizana et al. 2006). In this context, the objective of this study was to evaluate the
performance of 160 common bean recombinant inbred lines derived from the cross IPR-Iapar 81
(drought tolerant) x LP 97-28 (low drought tolerance), under drought stress conditions.

MATERIALS AND METHODS

The populations consisted of 160 F;.; lines from IPR-Iapar 81 x LP 97-28 cross, the parents, and
the commercial cultivars Guara, IPR-Tangara, Talisma, IPR-Juriti, Pérola, Flor Diniz and BAT
93, totaling 168 treatments, that were assessed under field conditions at Centro de Treinamento
de Irrigagdo (CTI-UEM), Universidade Estadual de Maringa (UEM), Maringé, Paranda, Brazil,
from August to November 2014. The experimental design was conducted as incomplete blocks
13 x 13 triple lattice with three replications. Each experimental plot consisted of two rows of 1.5
m length, spaced 0.5m between rows. The water stress was applied at the beginning of flowering
(R4) to the middle of grain filling stage (Rg). A total of 12 tensiometer, randomly installed in the
experimental area, were used to quantify water availability in the soil (Figure 1).

Figure 1. Tensiometers in the experimental area.

The following characters were evaluated: grain yield (YLD; g), number of pods per plant (PPP),
number of seeds per plant (SPP) and seed weight (SW; 100 seed wt). Statistical analyses were
performed using the SELEGEN-REML/BLUP Model 17 (Resende, 2002).The genotypic model
used in this study was y = X + Zg + Wb + e, where y, r, g, b and e refer respectively to: traits
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evaluated vector; replication effects vector (fixed) added to the general average; genotypic
effects vector (random); blocks effects vector (random); and error vector (random). X, Z and W
correspond to the matrices of incidence of the effects », g and b, respectively.

RESULTS AND DISCUSSION

The estimates for genetic and phenotypic parameters for yield and yield production components
from IPR-Iapar 81 x LP 97-28 cross are presented in Table 1. The heritability exhibited values
that ranged from 5 to 64%, respectively for SPP and PPP characters. These heritability
coefficients could be associated with higher additive genetic variances and reduced genotype x
environment interaction (Fehr, 1987).

Table 1- Genetic parameters of grain yield (YLD), number of pods per plant (PPP), number of
seeds per plant (SPP) and weight of 100 seeds (SW) evaluated in 160 F,.; lines derived from
IPR-Iapar 81 x LP 97-28 cross

Estimatives

Random Factors YLD (%) PPP_ (%) SPP (%) SW (%)

s

[

Genotypic variance - 513.48 2596 1.28 64.00 0.02 4.54 1.78 52.35

g
Block - Eﬂf 437.45 2212 0.09 450 0.03 6.81 0.32 9.41
Error - t?: 1026.86 5192 0.63 31.50 039 88.65 1.31 38.24
Phenotypic variance - C’F? 1977.80 100 2.00 100 0.44 100 3.40 100
Broad sense heritability - Hg 0.26 0.64 0.05 0.52
Heritability line - 2, 0.60 0.86 0.14 0.80
Coecfficient determination block 0.22 0.04 0.07 0.09
Coefficient of genetic variation - £} 13.82 16.07 2.93 7.97
Coefficient of residual variation - CI}. 19.55 11.23 12.33 6.81
Accuracy of selection of lines - AL, 0.77 0.92 0.38 0.90
Prediction of genotypic values PEV 205.38 0.18 0.02 0.45
Standarq deviation  of  predicted 1433 0.42 013 059
genotypic value SEP
Average [i_ 163.90 7.05 5.09 16.74

Thus, the lines derived from IPR-Iapar 81 x LP 97-28 cross showed satisfactory tolerance
response to drought. The highest coefficient of genetic variance was observed for PPP (16.07%)
whereas the lowest was for NSP (2.93%). This fact suggests the presence of genetic variability
with the possibility to select lines with high yield potential when submitted to conditions of
hydric stress. The experimental precision based on the efficiency of lineage selection, which
varied from 38 to 92%. 777?

CONCLUSION

The applied method (REML/BLUP Model 17) was effective in assessing the response to water
deficit of 160 evaluated lines. The number of pods per plant and weight of 100 seeds were
significantly related to higher water stress tolerance.
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INTRODUCTION

The Active Germplasm Bank from Northwestern Argentina (BANOA), situated at the Salta
Experimental Station of the National Agricultural Technology Institute (INTA-EEA-Salta),
conserves an important common bean (Phaseolus vulgaris L.) collection of native wild
populations and landraces. The BANOA bean collection, which was started in the 80s, consists
of 700 accessions, including 400 landraces and 300 wild populations, collected in different
regions of Northwestern Argentina. Germplasm collections must provide to breeders genetic
variants, genes or genotypes, in order to respond to the challenges demanded by the new
production systems. This requires the study and characterization of the preserved germplasm
(Abadie and Berreta, 2001; Singh, 2001; De Ron et al, 2015). The aim of this work is to present
the preliminary results of the evaluation of part of the BANOA bean collection based on
morpho-agronomic characters, microsatellite markers and DNA sequences associated with
domestication genes.

MATERIALS AND METHODS

A total of 128 wild populations from the BANOA bean collection were characterized based on
10 morpho-agronomical characters. Twenty pods and 30 seeds per population were measured
and a principal components analysis (PCA) was performed. Also, six wild bean populations,
selected based on their proximity to cultivated bean fields (< 1 km, > 2 km, and > 5 km), were
analyzed with microsatellite markers. The DNA was extracted from seedlings of 10 individuals
per population and amplified by PCR using four SSR markers. The amplified fragments were
separated by 10% polyacrylamide gel electrophoresis. Allele frequencies for each marker were
analyzed using the PowerMarker v3.25 program. On the other hand, two wild populations, two
landraces and two commercial bean varieties were studied to analyze the partial sequences of the
gene PvTFLI1y. The amplified regions corresponded to exon I and part of exons II and III of the
PvTFLIy gene. Sequences were analyzed with BioEdit and compared with the haplotypes
described by Kwak et al. (2012).

RESULTS AND DISCUSSION

A Principal Component Analysis (PCA) was generated with 10 morpho-agronomical data:
number of pods/plant (P/PL); 100 seeds weight (100 SW), days to 50% maturity (MAT), fruit
length (FRL), fruit width (FRW), fruit thickness (FRT), number of grains/pod (GR/P), seed
length (SL), seed width (SW) and seed thickness (ST). The first two components (PC1 and PC2)
explained 61% of the total variability (figure 1). The variables that most contributed to the
differentiation of the wild accessions were: seed length and width, and 100 seeds weight at PC1
and pods/plant, fruit length and grains/pod at PC2. Significant variability was observed for these
morphological characters in the accessions analyzed. The spatial analysis performed based on the
morphological data showed that the greatest diversity corresponds to accessions collected in
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Rosario de Lerma and Chicoana departments in Salta province. The wild populations analyzed
based on their proximity to domesticated beans showed differences in allele frequencies for some
microsatellite markers. An average of 4.5 alleles per locus was observed over all the loci
analyzed. Moreover, for some markers a correlation between the allele frequency and the
proximity to crops was observed. After partial amplification of the PvTFL1y gene, sequences of
approximately 1000 bp length were obtained. The landraces and wild populations analyzed
corresponded to the A1 haplotype described previously by Kwak et al. (2012) for indeterminate
phenotypes. Moreover, haplotypes were obtained for landraces and wild populations of P.
lunatus, that were not previously described.

CONCLUSIONS

The morphological and molecular characterization confirmed the existence of a significant
variability in the accessions conserved in the BANOA (De Ron et al., 2004; Santalla et al., 2005,
Galvan et al., 2006) and a high degree of introgression in wild populations from domesticated
germplasm. This alerts about the importance of conservation of the integer genetic variation of
the wild populations in genebanks and also in their natural environments. On the other hand, the
knowledge of the variability present in sequences associated with domestication genes it is useful
to understand the origin and domestication of the common bean, especially considering the
Andean domestication center, which still needs further studies. (Santalla et al., 2004; Bittocci et
al. 2013).
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Fig.1. Principal Component Analysis plot using 10 morphological characters.

REFERENCES

Abadie T, Berretta A. 2001. Estrategia en recursos fitogenéticos para los paises del Cono Sur. PROCISUR.
Bitocchi E, Bellucci E, Giardini A, et al. 2013. New Phytol. 197: 300-313.

De Ron AM, Menéndez-Sevillano MC, Santalla M. 2004. Genet Resour Crop Evol 51: 883-894.

De Ron AM, Papa R, Bitocchi E, et al. In: De Ron AM (Ed.) Grain Legumes 1-36. Springer New York.
Galvan MZ, Menéndez-Sevillano MC, De Ron AM, et al. 2006. Genet Resour Crop Evol 53: 891-900.
Kwak M, Toro O, Debouck D, Gepts P. 2012. Ann Bot 110: 1573-1580.

Santalla M, Menéndez-Sevillano MC, Monteagudo AB, et al. 2004. Euphytica 135: 75-87.

Singh SP. 2001. Crop Sci 41:1659-1675.

50
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INTRODUCTION

Common bean (Phaseolus vulgaris L.) is the world’s most important grain legume for direct
human consumption. The Americas are the largest bean-producing region and Brazil the world’s
largest producer and consumer (Singh 1999). However, this crop is affected by several
biological, edaphic, and climatic factors that decrease yield (Schwartz and Pastor-Corrales 1989).
Genotypic selection methods for recommendation of new cultivars have been widely used in
breeding programs to identify inbred lines that have wide yield adaptability and stability. The use
of mixed models (REML/BLUP) allows a detailed study of genotype X environment interaction
(G x E), and reduce the errors from the effects of this interaction. The objective of this study was
to evaluate the yield adaptability and stability of 18 common bean cultivar/inbred lines in four
distinct environments of Parana state, Brazil.

MATERIALS AND METHODS

Fourteen elite inbred lines and four commercial cultivars (Perola, IPR Campos Gerais, [PR
Uirapuru and CNFP 10104) of common bean were evaluated in four regions of Parana state,
Brazil. The experiments were performed in Maringa, Northwest (2012 and 2013), Campo
Mourao (Central) and Ponta Grossa (South) regions of Parana state (2012).

The experimental design utilized was complete randomized blocks with three replications. Each
experimental unit was constituted of four rows of 5.0 m length, spaced with 0.5 m, and the useful
area for analysis was formed by 4.0 m” from the two central rows. The genotypic values of grain
production were first estimated by REML/BLUP, subsequently, the lines were selected by the
method of Harmonic Mean of Relative Performance of Genotypic Value (HMRPGYV). The yield
adaptability and stability were analyzed using the Model 54 of SELEGEN-REML/BLUP
Software (Resende, 2002).

Table 1- Genotypic values obtained by the REML/BLUP methodology of common bean grain
yield (Kg ha™) in four environments in Parana, Brazil

Order Cultivar/Inbred lines u+g' New average Order  Cultivar/Inbred lines u+g  New average
1 CNFP 10794 3,272.5 3,272.4 10 FT 08-75 3,099.0 3,163.7
2 CHP01-238 3,220.2 3,246.3 11 IPR Uirapuru 3,085.1 3,156.5
3 LP 09-40 3,205.3 3,232.6 12 FT 08-47 3,080.1 3,150.2
4 IPR Campos Gerais 3,176.0 3,218.5 13 Perola 3,068.4 3,143.9
5 C4-7-8-1-2 3,161.9 3,207.2 14 LEC 01-11 3,054.4 3,137.5
6 CHC 98-42 3,155.0 3,198.5 15 LEP 02-11 3,022.5 3,129.8
7 CNFP 10104 3,1324 3,189.0 16 C4-7-7-2-2 3,012.7 3,122.5
8 CNFC 10762 3,107.4 3,178.8 17 TB02-23 3,007.7 3,115.7
9 LP 09-192 3,107.0 3,170.8 18 TB 03-13 2,985.8 3,108.5

'predicted genotypic value.
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RESULTS AND DISCUSSION

The results obtained for grain yield showed a general mean equivalent to 3,108.6 kg ha™, being
three times higher than the average Brazilian productivity of common bean, showing the high
yield potential of genotypes evaluated in the southern region of Brazil.

In the selection based on the best genotypic values (u+g) the genotypes that stood out were:
CNFP 10794, CHP 01-238, LP 09-40, C 4-7-8-1-2 and CHC 98-42 with news averages higher
than the general mean of 5.27, 4.43, 3.99, 3.17, 2.89%, respectively (Table 1). The results also
showed that lines CNFP 10794, CHP 01-238, CHC 98-42, IPR Campos Gerais, C 4-7-8-1-2, LP
09-40 and CNFP 10104 were classified as more stable and adaptable (HMRPGV), with grain
yield values that were 1.0 to 1.14 times greater than the general mean (Table 2).

Table 2- Stability of genotypic values (HMGV), adaptability of genotypic values (RPGV),
average genotypic values capitalized by the interaction (RPGV*GM), stability and adaptability
of genotypic values (HMRPGV) and mean genotypic values in the environments
(HMRPGV*GM) for grain yield of common bean cultivars and elite inbred lines evaluated in
four environments in Parané during the years 2012 and 2013

Cultivar/Inbred lines HMGV  Cultivar/Inbred lines RPGV ~ RPGV*GM!' Cultivar/Inbred lines HMRPGV HMRPGV *GM

CNFP 10794 3,423.0 CNFP 10794 1.14 3,538.0 CNFP 10794 1.14 3,534.0
CHP 01-238 3,305.0 CHP 01-238 1.10 3,405.0 CHP 01-238 1.10 3,405.0
CHC 98-42 3,200.0 LP 09-40 1.06 3,299.0 CHC 98-42 1.05 3,253.0
C4-7-8-1-2 3,178.0 C4-7-8-1-2 1.05 3,281.0 IPR Campos Gerais 1.04 3,248.0
IPR Campos Gerais 3,130.0 CHC 98-42 1.05 3,273.0 C4-7-8-1-2 1.04 3,243.0
LP 09-40 3,068.0 IPR Campos Gerais 1.05 3,273.0 LP 09-40 1.04 3,237.0
CNFC 10762 3,042.0 CNFP 10104 1.01 3,153.0 CNFP 10104 1.00 3,118.0
FT 08-75 3,024.0 CNFC 10762 1.01 3,129.0 CNFC 10762 0.99 3,106.0
CNFP 10104 3,018.0 FT 08-75 0.99 3,101.0 FT 08-75 0.99 3,096.0
IPR Uirapuru 2,940.0 LP 09-192 0.98 3,068.0 LP 09-192 0.98 3,046.0
FT 08-47 2,939.0 IPR Uirapuru 0.97 3,040.0 IPR Uirapuru 0.97 3,037.0
LP 09-192 2,919.0 FT 08-47 0.97 3,036.0 FT 08-47 0.97 3,021.0
Pérola 2,890.0 Pérola 0.96 2,993.0 Pérola 0.96 2,988.0
LEC 01-11 2,855.0 LEC 01-11 0.95 2,955.0 LEC 01-11 0.94 2,948.0
TB02-23 2,769.0 LEP 02-11 0.92 2,867.0 LEP 02-11 0.92 2,857.0
LEP 02-11 2,757.0 C4-7-7-2-2 0.92 2,863.0 TB 02-23 0.91 2,842.0
C4-7-7-2-2 2,747.0 TB02-23 0.91 2,852.0 C4-7-7-2-2 0.90 2,820.0
TB 03-13 2,702.0 TB 03-13 0.90 2,819.0 TB 03-13 0.88 2,740.0

'General Mean of trials.

CONCLUSION

The results showed that genotypic values were higher in overall environments for CNFP 10794,
CHP 01-238, CHC 98-42, IPR CAMPOS GERAIS, C 4-7-8-1-2, LP 09-40, and CNFP 10104,
which showed superior grain yield when they were selected by the Harmonic Mean of the
Relative Performance of Genotypic Values (HMRPGYV). These cultivar/inbred lines may be
recommended for commercial purposes, since it achieved satisfactory outcomes in the
environments assessed.
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INTRODUCTION

Anthracnose caused by Colletotrichum lindemuthianum is one of the most devastating disease of
common bean. Currently, the resistance to C. lindemuthianum is conferred by 20 resistance
loci, among them, nine are Andean (Kelly and Vallejo 2004, Trabanco et al. 2015). The Co-
I and Co-1? alleles of the cultivars Michigan Dark Red Kidney (MDRK) and AND 277,
respectively, are mapped on PvOl. Although, the Andean cultivar Jalo EEP558 was reported
to carry Co-x on Pv01, while the Co-y and Co-z genes are mapped on Pv04. The Co-y gene
co-segregated with the Co-3” allele in BAT 93, also there is evidence that Co-y, Co-z and
Co-3’ are closely linked on Pv04 (Geffroy et al. 1999). Compared to other chromosomes, the
Pv04 is the most important because it contains six R specificities against C. lindemuthianum: Co-
3, Co-3°, Co-3°, Co-3%, Co-y and Co-z (Geffroy et al. 2008; David et al. 2008). Three other R
specificities against bean rust, caused by Uromyces appendiculatus, Ur-5, Ur-14 and Ur-Dorado
(Souza et al. 2011), and two angular leaf spot, caused by Pseudocercospora griseola, Phg-1 and
Phg-3 (Gongalves-Vidigal et al. 2011, Gongalves-Vidigal et al. 2013) were also mapped in this
region of Pv04. Therefore, the objective of this work was to genotype the Andean and
Mesoamerican cultivars with the g2303 molecular marker.

MATERIALS AND METHODS

This research was conducted at the Nucleo de Pesquisa Aplicada a Agricultura (Nupagri) at the
Universidade Estadual de Maringd, Parand, Brazil. The common bean cultivars AND 277,
Michigan Dark Red Kidney (MDRK), Jalo EEP558, Corinthiano (Andean cultivars) and Ouro
Negro, BAT 93, Mexico 222 and Rudd (Mesoamerican cultivars) were genotyped with the g2303
molecular marker previously mapped on Pv04. The amplification products corresponding to the
marker g2303 present in the cultivars AND 277, MDRK, Jalo EEP558 and Ouro Negro were
purified using PCR Purification Kit PureLink (Invitrogen) for subsequent sequencing. After
purification, the DNA fragments were fractionated in agarose gel of 2%. The purified products
were sequenced using ABI 3730 DNA Analyser (Life Technologies — Applied Biosystems).
Each sequence was edited in BioEdit Program Sequence Alignment Editor Version 7.2.5 (Hall,
1999). After reversing the complement sequence this was aligned generating sequence file
FASTA for identifying the differences between the nucleotides and to obtain the genetic
positions of AND 277, MDRK, Jalo EEP558 and Ouro Negro, with the genome of the common
bean G19833 genotype available in Phytozome.

RESULTS AND DISCUSSION

Two polymorphic DNA fragments were observed at the Co-3 locus demonstrating that the
Andean cultivars AND 277, MDRK and Jalo EEP558 possess a new allele at Co-3 locus
different from that present in Mexico 222 (Co-3), BAT 93 (C0-33) and Ouro Negro (Co-3%
Mesoamerican cultivars (Figure 1). The sequencing of polymorphic DNA fragments from the
AND 277, MDRK, Jalo EEP558 and Ouro Negro genotyped with the g2303 molecular marker
are showed in the Figure 2.
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Figure 1- Electrophoretic analysis of the amplification products obtained for the g2303 marker. Lanes: Ld, 100bp ladder; 1,
Corinthiano; 2, AND 277; 3, BAT 93; 4, Michigan Dark Red Kidney; 5, Ouro Negro; 6, Mexico 222; 7, Ruda; 8, Jalo EEP558.
The arrow left indicates the 350 bp and the right 340 bp DNA bands present in Andean and Mesoamerican cultivars, respectively.

Molecular marker g2303 is mapped at position 3,356,300 bp on chromosome Pv04 (out of a total
chromosome length of 45,960,019 bp; PhaseolusGenes). By comparing the sequences of the
fragment from the AND 277 cultivar with the genome of the common bean, it was observed its
the genetic position at 3,356,178 to 3,356,485 bp on the Pv04. Likewise, the fragment from the
MDRK cultivar is positioned at 3,356,179 to 3,356,483 bp, and Jalo EEP558 at the position of
3,356,147 to 3,356,372 bp on chromosome Pv04. It is noteworthy that the sequences of the DNA
fragments obtained from AND 277 and MDRK were different in only three nucleotides.
However, the allele of Jalo EEP558 is apart by 82 and 79 nucleotides from the alleles of the
AND 277 and MDRK cultivars, respectively. In addition, the Co-3* allele of the Ouro Negro
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cultivar is located at the position of 3,356,225 to 3,356,481 bp on chromosome Pv04.

Figure 2 - Schematic representation of nucleotide sequences of DNA fragments from AND 277, MDRK, Jalo EEP558 and Ouro
Negro common bean cultivars genotyped with g2303 molecular marker. Identical and similar nucleotide are indicated by dots.

The STS marker g2303 previously mapped on Pv04 linked to the new alleles present in the AND
277, MDRK, Jalo EEP558 and to the Co-3, Co-3°, Co-3*/Phg-3 loci, respectively, present in
Mexico 222, BAT 93 and Ouro Negro Mesoamerican cultivars, emphasized the potential
usefulness of this marker for marker-assisted selection in Bean Breeding Programs for Andean
and Mesoamerican Gene Pools.
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INTRODUCTION

Pitanga is an important source of resistance to anthracnose. It confers resistance to races 23, 64,
65, 73 and 2047 of Colletotrichum lindemuthianum. In this study, we conducted molecular
analysis on the F, population derived from the Pitanga (resistant) x AB 136 (susceptible) cross,
inoculated with race 2047 of C. lindemuthianum. A total of 35 molecular markers were tested
with contrasting amplification patterns in the parental materials and the resistant vs. susceptible
bulks. Results showed, that the molecular markers CV 542014*° and TGA1.1°"°, previously
mapped on LG PvO01, are linked in coupling phase to the Co-14 resistance gene at 4.3 ¢cM and 6.3
cM, respectively. In addition, the genetic location of the Co-14 gene was found to be on
chromosome 1 gene cluster.

MATERIAL AND METHODS

This research was conducted under greenhouse conditions and at the Common Bean Breeding
and Molecular Biology Laboratory of Nucleo de Pesquisa Aplicada a Agricultura (Nupagri).
Total DNA was obtained from 137 F; individuals from the cross between Pitanga (resistant) and
AB 136 (susceptible) cultivars, by using race 2047 of C. lindemuthianum. These individuals
were analyzed to construct two homozygous contrasting resistant and susceptible DNA bulks
based on virulence data obtained (Michelmore et al. 1991). Equal volumes of DNA from five
homozygous resistant and five susceptible F, plants were used. A total of 35 molecular markers
were tested with contrasting amplification patterns in parental materials and in the resistant vs.
susceptible bulks and individuals from the bulks. A goodness of-fit test for a 1:1 segregation
ratio was performed for the segregation of the CV208414 and TAGI.1 markers in the BAT
93/Jalo EEP 558 bean consensus mapping population. Linkage analyses were performed using
the computer software Mapmaker/EXP 3.0 (Lincoln and Lander 1993). Linkage group
nomenclature follows Pedrosa-Harand et al. (2008) and the map was drawn using the computer
software MapChart (Voorrips 2002).

RESULTS AND DISCUSSION

A segregation of 177 resistant and 60 susceptible individuals in the F, population fitted to the
expected 3R:1S ratio (p = 0. 91). This segregation data confirmed the monogenic resistance in the
Pitanga cultivar to race 2047 of C. lindemuthianum carried out by Gongalves-Vidigal et al. (2012).
The molecular analyses revealed that the molecular markers CV542014°*° and TGAI1.1°",
previously mapped on LG PvOl (McConnell et al. 2010, available from the PhaseolusGenes
database: http://phaseolusgenes.bioinformatics.ucdavis.edu/markers/CV542014&format=html) are
linked in coupling phase to the Co-14 resistance gene at 4.3 cM and 6.3 cM, respectively. These
molecular markers was tested in the BAT 93/Jalo EEP 558 (BJ) RI population, resulted in
segregation of 37 (+):34 (-) (X2 = 0.13; p = 0.72) for a good fit to a 1:1 ratio. Pitanga has been
shown to be an important source of resistance to anthracnose, and the fact that Co-74 gene is an
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Andean gene reinforces its use in common bean breeding programs where there is a lack of

effective Andean resistance genes for anthracnose.
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Figura 1-. Electrophoretic analysis of the amplification products obtained for the CV542014;4y marker. Lines: L,
100bp ladder; RP, Pitanga; SP, AB 136; RB, resistant bulk; SB, susceptible bulk; 1-6, individuals resistant to C.
lindemuthianum; 7-12, individuals susceptible to C. lindemuthianum. The arrow indicates the 390bp DNA band
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THE VALIDATION OF QTLS FOR POD QUALITY TRAITS IN SNAP BEANS
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INTRODUCTION

The most important aspect in determining the quality of snap bean relies on pod traits that
include pod length, pod shape, and the presence or absence of pod fiber and suture string. These
traits are important in order to fit the standard in processing industry and meet consumer
preferences. Little is known about the inheritance of pod quality traits in snap bean. Association
mapping using a germplasm collection enables the identification of marker-QTL association as
well as reveals new QTL in a genetically diverse population. This analysis is a complementary to
the QTL mapping, which can provide some insight in understanding the inheritance of pod
quality traits in snap beans. The objective of this research is to identify markers associated with
pod quality traits through association mapping in a non-biparental population of snap beans.

MATERIALS AND METHODS

75 snap bean accessions from the Bean Coordinated Agricultural Project (Bean CAP) association
mapping panel were evaluated in a randomized complete block design in 2014 and 2015 near
West Madison, WI. Five pods of sieve 4 were measured for pod length, pod shape, and the
presence or absence of fiber and suture string. Pod length was measured from below the pedicel
to the tip of pod using a ruler. Pod shape is a ratio between pod diameter 90° off suture over pod
diameter on suture and the diameter was measured using a caliper. Pod fiber and suture string
were observed by snapping the pod and were rated from 0 to 3. A rate of 0 for pod fiber and
suture string when there is no fiber on the break surface and no suture string attached to the pod,
respectively. A rate of 3 is for high fiber and thick suture string. A total of 10607 SNP marker
that were used in this analysis were genotyped using Illumina Infinium II BeadChip
BARCBean6K 1 and BARCBean6K 2 (Song et al., 2015). These SNP markers were provided
by the Bean CAP. Association mapping were performed in TASSEL 5.0 software (Bradbury et
al., 2007) using mixed linear model that includes principal component analysis and kinship
matrix to account for population structure and familial relatedness, respectively (Zhang et al.
2010). Markers with p-value < 0.001 are considered significantly associated with the QTL
related to the trait.

RESULTS AND DISCUSSIONS

Pod shape (ratio), pod fiber and suture string showed significant markers at p-value <0.001 in the
same chromosome for both years but these are different markers (Table 1). Most markers in all
traits show significant association in one year but have lower significant value or not significant
in another year (Table 1). Some markers in chromosome 4 showed significant association in
either 2014 or 2015 in all traits. Further analysis could possibly reveal interesting findings
regarding QTL in this region. For all traits, significant markers at p-value <0.001 explain
phenotypic variation ranged from 14 to 50% in 2014 and from 14 to 42% in 2015 as indicated by
R? value (Table 1). Inconsistent significant markers detected in all traits for both years could
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possibly due to genetic by environment interaction effect or weak marker-QTL association. Also,
this could be due to some experimental error during data collection.

Table 1. List of markers associated with pod quality traits and the proportion of phenotypic variation

explained by markers (R?) in experiments evaluated in 2014 and 2015 at West Madison, WI.

Position 2014 2015
Trait Marker®  Chr R? )
(bp) p-value p-value R (%)
(%)

Pod M8046 4 31600660 1.71x10™ ™  19.81 9.60x 10" ™ 0
fiber M10460 4 17322511 7.15x10%” ™  9.63 1.28x10% ™ 36.40
M7512 2 12115239 2.15x10°" ™  1.965 9.80x 10" ™ 1531
Pod M632 1 49270510 8.74x10™ ™ 1594 1.72x10% 7 14.11
length ~ M10460 4 17322511 4.73x10” ° 5367 3.85x 10" ™ 18.50
M4599 4 42289579 898x 10™ T 14.02 221x 10 ™ 175
M3700 2 25246500 4.68x 10 7 21.98 545x10% ™ 438
Pod MI838 2 23710638 9.27x 10" ° 3.38 418x 10 ™ 2197
Shap_e M4968 10 2792251 3.01x10% ° 5.70 120x 10" ™" 19.07
(Ratio) M6780 11 13000616 3.08x 10" ™ 1.23 541x10% ™ 15.10
M22 7 51233220 1.58x 10”0 ™ 236 738x10% 7 1431
M7838 1 19971327 191x107 ™ 4746 3.72x10% 7 1224
M4700 10 32823435 191x 107 ™7 4746 3.72x10% 7 1224
M342 350026414 6.77x10% 77 2545 157x 10 ™ 278

Suture M6287 6 22214805 9.89x 10 7 24.17 1.87x 107 ™ 241
string M3296 4 7945244  3.05x10™ 7 20.46 1.33x10° ™ 313
M5677 2 43852765 5.01x10™ 7 18.87 471x10%” ° 5.54
M9447 4 22549311 337x10" ™ 1.32 495x 107 7 41.87
M7512 2 12115239 252x 10" ™ 1.89 8.57x10™ ™ 16.50

§ Markers are significant at p-value < 0.001 in either in 2014 or 2015

Chr Chromosome
* ok Hck Statistically significant at p-value<0.05, 0.01 and 0.001, respectively
ns Not statistically significant at p-value<0.05
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INTRODUCTION

Dry bean (Phaseolus vulgaris L.) is the most profitable pulse crop in southern Alberta. White
mold (WM) caused by the fungus Sclerotinia sclerotiorum (Lib.) de Bary can be a major
constraint to dry bean production. Registered dry bean cultivars do not have resistance to WM.
In favorable conditions, sclerotia present in the soil germinate and produce apothecia which
release ascospores that initiate WM. Soil moisture within the top 5-cm is very critical for
sclerotial germination (Wu and Subbarao, 2008), and an average temperature of 15°C for several
weeks is required for apothecia development (Hall, 1994). Plant architectural traits, such as,
upright growth and lodging resistance can influence microclimate within the plant canopy, and
thus, can be useful to avoid WM in dry bean (Miklas et al., 2013). In the semi-arid conditions of
southern Alberta, dry bean is grown under irrigation which results in favorable conditions for
WM development. Our objective was to evaluate the effect of irrigation and plant architecture on
microclimate and WM development in dry bean genotypes.

MATERIALS AND METHODS

Studies were conducted in sclerotia-inoculated fields at the Lethbridge Research and
Development Centre, Alberta in 2015. Three levels of irrigation (high or 3.8 cm, medium or 1.9
cm and low or 25% less than medium per week) and five genotypes with different canopy
architecture (indeterminate prostrate 19365-31 and Othello, indeterminate semi-upright AAC
Burdett and AC Island, and determinate upright CDC Pintium) were arranged in a split-plot
design. 19365-31 is a black bean line with partial genetic resistance to WM (Miklas et al. 1998),
AAC Burdett is a pinto bean cultivar with partial field resistance to WM; all others are pinto
bean cultivars with susceptibility to WM. Dry bean plots were evaluated for WM incidence and
severity, flower infection, yield and thousand seed weight. Microclimate variables, including leaf
wetness, soil moisture and temperature were monitored using data loggers and sensors. Flower
infection was assessed by plating flowers onto sclerotinia-specific media. WM incidence and
severity were assessed on a 1-4 scale according to Balasubramanian et al. (2014) where 1=
healthy and 4= dead plant. Data were analyzed for ANOVA and mean separations were
performed using PROC MIXED procedure of SAS 9.2.

RESULTS AND DISCUSSION: Moisture within the top 5-cm of soil and leaf wetness were
significantly higher in high irrigation plots as compared to medium and low irrigation. Soil
temperatures conducive for apothecia development persisted for several weeks in high irrigation
plots (Figure 1). WM severity, incidence and flower infection were greatest in high irrigation
plots when compared to medium and low irrigated plots (Figure 2). Susceptible cultivars, Othello
and CDC Pintium, exhibited highest WM severity, incidence and flower infection in high
irrigation plots. WM development in 19365-31 and AAC Burdett was not affected by irrigation.
Plots grown under medium and low irrigation had similar WM levels, however, highest yield and
TSW were observed in medium irrigation plots (Figure 3). Thus, medium irrigation was effective
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in managing WM while maintaining high yields and TSW. This experiment will be repeated for
2 more years.
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Figure 1. (Left) water content in top 5-cm of soil (above), leaf wetness (middle) and soil
temperature (bottom); Figure 2. (Right) White mold severity (above), incidence (middle) and
flower infection (bottom) in dry bean genotypes under high, medium and low irrigation.
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INTRODUCTION

Angular leaf spot (ALS) of common bean, caused by fungus Pseudocercospora griseola, is
widespread and typical of tropical regions. ALS is responsible for significant crop damage and
can result yield losses depending on cultivars susceptibility and environmental conditions. The
use of fungicides is the main control method of disease and obtaining of resistant lines is difficult
due to wide pathogen variability and presence of major and quantitative resistance genes (Pereira
et al. 2015). There are insufficient information about traits of the pathogen involved in spread,
penetration, infection and colonization in common bean. Furthermore, studies about P. griseola
strains sensibility to fungicides have not been found in literature. Thus, this study has evaluated
cytological and physiological variability and also sensibility to fungicides of a population of P.
griseola strains from Brazil.

MATERIAL AND METHODS

We collected 125 P. griseola strains from ALS lesions on common bean leaves naturally
infected, in Minas Gerais state, Brazil. These strains were evaluated to sporulation capacity,
germination percentage, conidia size and sensibility to fungicides. Sporulation capacity was
analyzed using a completely randomized design (CRD) with three replicates. Each plot consisted
of a Petri dish, containing medium leaf-dextose-agar (LDA) and 1 ml of mycelial suspensions of
P. griseola strains. Petri dishes were incubated at 24°C and nine days after incubation was
determined conidia number of each plot. For evaluation germination percentage, 200 pl of
conidial suspensions (2 x 10* conidia.ml™) of each P. griseola strains were incubated at 24°C for
six hours. Conidia with germ tubes length equal or greater than the smallest diameter of the
conidia were considered germinated. This assays were performed using a CRD with two
replication, using 50 conidia for each replicates. For cytological measurements, length and width
of 22 conidia of each P. griseola strains were analyzed using CRD. Conidia size were performed
using the AxioVision SE64 Rel.4.8 software. For sensibility evaluation of 34 P. griseola strains
to five fungicides were used Petri dishes containing LDA medium with each fungicide. It was
used as control, P. griseola strains growth in only LDA medium, totaling 204 treatment. After
nine days of incubation was determined conidia number of each P. griseola strains. Data were
submitted to analysis of variance and treatment means were compared by Scott Knott test using
R” software.

RESULTS AND DISCUSSION

Numbers of conidia varied from 0.87 x 10* conidia.ml™ to 27.67 x 10* conidia.ml” among P.
griseola strains that were classified in nine groups by Scott-Knott mean test. However, only 2%
of P. griosela strains presented number of conidia higher 17.79 x 10* conidia.ml™ (Figure 1).
Sporulation capacity associated with conidia germination ability are important traits for conidia
spread and establishment of disease (Monda et al., 2001). Germination percentages of strains
varied from 39 to 74% and two different groups of strains were formed. Conidia length and
width varied from 33.6um to 43.43 um and 5.2 pum to 10.8 pm, respectively. All fungicides
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present efficiency in controlling the mycelial growth and sporulation for all P. griseola strains
evaluated in vitro test. Therefore, this information should be verify in vivo test using common
bean plants. These results are important because information about these traits evaluated in P.
griseola are limited and this knowledgement can aid in strategies of management and control of
ALS.

Pseudocercospora griseola strains

2%

Number of conidia x 10¢
m178a2767

m11,68a 17,79
m 7,96 211,67
u 5,09 47,95
H3,8a508
m2,88a3,79

W 3,20a2,87
m15a219

10,8752 1,4

Figure 1- Groups generated by Scott Knott test according to sporulation capacity of P. griseola
strains.
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INTRODUCTION

Anthracnose, caused by Colletotrichum lindemuthianum, is one of the most important diseases of
the common bean (Phaseolus vulgaris L.) in Brazil and in other regions of the world. High
genetic variability for C. lindemuthianum has been described worldwide, and more than 247
different races of the pathogen have been identified, which 35 occur exclusively in Brazil (Nunes
et al. 2013). The monitoring of C. lindemuthianum races present in regions of cultivation is
necessary as a way to facilitate the effective control of this disease. The objective of this work
was to characterize isolates of C. lindemuthianum collected in common bean from Pernambuco
state, Brazil.

MATERIAL AND METHODS

In 2014 it was observed that several common bean cultivars were infected by C. lindemuthianum
pathogen in the common bean fields in Pernambuco state, Brazil (Figure 1).

Leaves and pods infected provided a total of eighteen isolates, which were inoculated on a set of
12 common bean differentials cultivars of C. lindemuthianum to characterize the virulence
spectra of the pathogen. Monosporic cultures of each isolate were prepared in young green
common bean pod medium and incubated at 20 + 2°C for 14 days (Cardenas et al. 1964) and
adjusted to a final concentration of 1.2 x 10° spores mL™. Seedlings were grown under natural
light in greenhouse for 7 to 10 days until they reached the first trifoliate leaf stage. Ten seedlings
of each differential cultivar were inoculated with the spore suspension of each isolate by using an
atomizer (De Vilbiss, number 15) powered by an electric air compressor. After inoculation, the
seedlings were kept in a mist chamber for 72 h at 20°C with controlled light. After misting,
plants were transferred to benches in a greenhouse with suitable environment at 22°C with
artificial light (12-h day length at 22°C) for 10 days. The anthracnose disease reactions were
scored visually using a scale from 1 to 9 (Pastor-Corrales et al., 1995). Plants with disease
reaction scores between 1 and 3 were considered resistant (R), whereas plants that scored 4-9
were considered susceptible (S).

Figure 1 - Regions of Pernambuco state, Brazil,
where leaves or pods infected by C. lindemuthianum
were collected. In the Figure the micro-regions are
highlighted: 1- Alto Capibaribe; 2- Vale do Ipojuca;
3- Garanhuns; 4- Sertdo do Moxoto.

RESULTS AND DISCUSSION .
From 18 isolates evaluated were identified ' )
fourteen races: 2, 8, 9, 10, 64, 65, 72, 73,

81, 85, 89, 117, 139 and 331 (Table 1)

showing the genetic variability of the pathogen in Pernambuco State. Among these races, 13
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were recognized for the first occurrence in this state. As displayed Table 1, the races 2, 9 and 81
were more frequent in Pernambuco state when compared with the other identified races. It is also
relevant to emphasize that the cultivars TU, AB 136 and G 2333 were resistant to all isolates
evaluated.

Table 1 - Reaction of differential cultivars of common bean to isolates of C.
lindemuthianum collected in Pernambuco State, Brazil

Geographic 3 . Differential Cultivars '
coordinates Masl Counties Isolates ABCDETFGCHI J KL Race
07% 54°10" S 401 Vertente CLPE 28 S RRRSRSRRRRR 81
35°59'16" W
Micro-region 07°49'55" S .
Alto 35045 21" W 394 Surubim CLPE 34 S SRS RRRSURRRR 139
Capibaribe o 2t AAN Sta Maria
070 50, 24,, S 494 do CLPE 41 S SRS RRSURSRRR 331
35°54' 07" W .
Cambuca
Micro-region 08° 53' 24" S
Vale do o Aot adn 470 Bezerros CLPE 82 R S RRRRRRRRRR 2
. 36°29'34" W
Ipojuca
08°42'21" S .
36°29' 20" W 820 Jucati CLPE 37 S RRSRRSRRIRRR 81
08°42'43" S .
36° 24' 54" W 782 Jupi CLPE 43 S SRRSRSRRIRRR 85
Micro-region CLPE 63 RS RS RRRRRRRR 9
Garanhuns CLPE 26 R RRRRRSRRRRR 64
08°52'33" S oo
36°22' 01" W 716 Sdo Joao CLPE 06 S RRRRRSIRRRRR 65
CLPE 02 S RRS RRSRRIRRR 73
CLPE 53 S RS RSSSRRRRR 117
CLPE 31 RS RRRRRRRRRR 2
Micro-region 082 25" 15" S Arcoverd CLPE 46 R RRS RRRRRRRR 8
Sertdo do 37°03' 41" W 663 R CLPE 35 RS RS RRRRRRRR 9
Moxot6 CLPE49 R S RS RRRRRRRR 10
CLPE 29 S RRS SRS RRRRR 89

' A- Michelite (1); B- Michigan Dark Red Kidney (2); C- Perry Marrow (4); D- Cornell 49-242 (8); E- Widusa
(16); F- Kaboon (32); G- Mexico 222 (64); H- P1 207262 (128); I- TO (256); J- TU (512); K- AB 136 (1024); L- G
2333 (2048). *: R- Resistant; S- Susceptible; *Masl = meter above sea level.
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INTRODUCTION

Anthracnose caused by Colletotrichum lindemuthianum (Sacc & Magnus) Briosi & Cavara is one
of the most devastating diseases of common bean (Pastor-Corrales et al. 1995). Bean anthracnose
is intensified by the extensive virulence diversity of C. lindemuthianum and the seedborne nature
of the pathogen (Pastor-Corrales and Tu 1989, Damasceno e Silva et al. 2007). In the Northeastern
region of the Brazil Pernambuco state (PE) is considered the third common bean producer.
Previous studies of isolates characterization from PE allowed to identify the 7, 23, 81, 87 and 119
races of C. lindemuthianum (Alzate-Marin and Sartorato 2004). In recent studies 14 new races
were identified: 2, 8, 9, 10, 64, 65, 72, 73, 81, 85, 89, 117, 139 and 331 (unpublished data). To
overcome the vast virulence diversity of C. lindemuthianum it is required that bean scientists
continually broaden the genetic base of the bean crop by identifying new resistance sources and to
incorporate new anthracnose resistance genes (Schwartz et al. 1982). The objective of this study
was to identify common bean landraces from Pernambuco State for their resistance to different
races of C. lindemuthianum present in Brazil.

MATERIAL AND METHODS
Twenty common bean landraces collected in the Pernambuco state and kept in the Germplasm
Bank of the Instituto Agronomico de Pernambuco (Figure 1), were evaluated with races 8, 73, 89,
139 and 331 of C. lindemuthianum. These landraces belong to the following brazilian market class:
Branco, Carioca, Jalo, Mulatinho, Preto, Rosinha, Rosa and others (Jalinho, Vermelho, Rajado,
Pintado, Enxofre and Pardo). The virulence phenotype of each monosporic isolate was confirmed
by inoculating the standard set of 12 differential cultivars. Fourteen-days-old bean seedlings were
sprayed with a concentration of 1.2 x 10° conidia mL™. The plants were incubated and maintained
in a mist chamber for 7 to 10 days, 20 + 2°C and 90-100% relative humidity. Ten days after
inoculation, the plants were scored as resistant (R) or susceptible (S) as described by (Pastor-
Corrales et al., 1995), where 1 to 3 = resistant and 4 to 9 = susceptible. A pathogenicity index (PI)
previously developed by Balardin et al. i
(1997) for each C. lindemuthianum race j ‘f % & ln “ 0 w

was computed by dividing the number of

bean landrace genotypes with a susceptible | t g 3 {’ ‘ 3 2 &f

reaction by 20 (the total number of landrace

genotypes of bean in this study). While,

Figure 1. Landraces of common bean from the Germplasm

Lhe (;‘e S.ISFanceh index éRI)’ fV\llaS dcalcu};ted Bank of the Instituto Agronémico de Pernambuco. 1- Brigida;
y dividing the number of landrace bean 2- Cocdo; 3- Bagajo; 4- Favita; 5- Canarinho; 6- Rosinha

cultivars that revealed a resistant reaction  Claro; 7- Chita Fina Verdadeira; 8- Jaula; 9- Pintado; 10-
by 5, the total number of races of C. Balinha; 11- Praia; 12- Camardo; 13- BSF-1; 14- BSF-2

lindemuthianum used for inoculation in  (Pingo de Ouro); 15- BSF-3 (Fogo na Serra); 16- Brilhoso;
this study (Balardin et al. 1997 17- Enxofre; 18- Africano 4; 19-IPA 1; 20- IPA 7.
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RESULTS AND DISCUSSION

The pathogenicity index (PI) of the C. lindemuthianum races utilized in this study ranged from 20
to 75% (Table 1). Race 89 was the most pathogenic with PI 75%, while race 8, 73 and 331 were
least pathogenic, with PI values of values of 20, 20 and 25%, respectively (Table 1). The resistance
index (RI) of the common bean landraces ranged from 0.0 to 100%, and the RI of the
Mesoamerican bean genotypes ranged from 17 to 83% (Table 1). The most resistant landraces
were Balinha, Praia and Africano 4, while the more susceptible were IPA 7 and BSF-2 (Table 1).

Table 1 Reaction of 20 common bean landraces from Pernambuco State, Brazil, and the pathogenicity index to the
Mesoamerican races of C. lindemuthianum

Landraces Brazﬂgll; i\s/larket 3 R;;ctu;r; to l:; 9c e 331 Resistance index(%)
1  Brigida Carioca S S S R S 20
2 Cocdo Diversos R R S R R 80
3 Bagajd Diversos R R S R R 80
4 Favita Diversos R R S S R 60
5 Canarinho Diversos R R R S R 80
6 Rosinha Claro Rosinha R R S S R 60
7 Chita Fina verdadeira Diversos R S S R S 40
8 Jaula Diversos R R S R R 80
9 Pintado Diversos R R S R R 80
10 Balinha Mulatinho R R R R R 100
11 Praia Branco R R R R R 100
12 Camarao Preto R R S S R 60
13 BSF-1° Diversos R R S S R 60
14 BSF-2 (Pingo de ouro) Carioca S S S S S 0.0
15 BSF-3 (Fogo na serra) Diversos R R S R R 80
16  Brilhoso Mulatinho R R S S R 60
17 Enxofre Diversos R R R S R 80
18  Africano 4 Diversos R R R R R 100
19 TPA1 Mulatinho S R S N S 20
20 IPA7 Mulatinho S S S S S 0.0
Pathogenicity index (%) 20 20 75 50 25

“Resistant (R); Susceptible (S); "BSF — Belém de Sdo Francisco.

The results show that landraces of common bean from Pernambuco state evaluated are genetically
highly variable in response to different races of C. lindemuthianum. Some of this genetic material
would be valuable in future common bean breeding programs as new sources of resistance to
anthracnose.
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INTRODUCTION

The drought stress due to occurrence and irregular distribution of rainfall and/or inadequate
supply of irrigation, has become one of the main reduction the common bean productivity
(Acosta-Gallegos and Kelly, 2012; Asfaw et al., 2012). In this context, the common bean crop
requires basic research with low investment and time in order to contribute to the solution of this
problem (Beebe et al., 2013). Thus, strategies such as the selection of lines and the knowledge of
the genetic control of yield components and the production of common bean subjected to drought
are necessary, since they increase the chance of success in breeding programs. Therefore, this
work had as objective to evaluate the genetic control of grain yield and its primary components
in Fy, F», BC; and BC, and parental plants from IAPAR 81 (drought tolerant) x LP 97-28 (low
drought tolerance) under water deficit conditions.

MATERIAL AND METHODS

The experiment was conducted under greenhouse conditions at Nucleo de Pesquisa Aplicada a
Agricultura (Nupagri), Universidade Estadual de Maringa. Water deficit was induced over the
course of the experiment by withholding irrigation at three different stages of plant growth and
development: V3, R¢ and Rg. Each period of water deficit lasted 96 hours (Figure 1). After each
period of induced water deficit, plants were then irrigated normally for a period of 20 days.

-H'L-'-

Figure 1- Mori)hological response to water deficit in common bean (Phaseolus vulgaris L.).

In stage Ry, the six populations (P;, Py, F;, F», BC; and BC;) were evaluated for the following
characteristics: number of pods per plant (NPP), number of seeds per pod (NSP), average weight
100 seeds (M100s, g plant™) and grain yield production (PROD, g plant™). The genetic statistical
analyses were performed to estimate the average and variance for each population and the
additive, dominance and environment variance components using the software Genes (Cruz,
2013). The broad and narrow sense heritability, number of genes and selection gain prediction
were estimated.
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RESULTS AND DISCUSSION

Variance components estimates revealed a high contribution of additive genetic effects in all
evaluated traits indicating the occurrence of additive allelic interaction (Table 1). Thus,
heritability in broad and narrow sense provided evidence of efficient transmission of drought
tolerance character. Usually, breeding methods that benefit from high additive variance to obtain
genetic gains are more important in the improvement of autogamous species, among which
stands out P. vulgaris (Gravina et al., 2004).

Table 1 displays the data of genetic gains, which magnitudes were of 25.2, 11.1, 32.7 and
42.7% for PROD, M100s, NPP and NSP, respectively. These results revealed satisfactory
genetic gains conferred by additive genetic effects. Furthermore, selections of superior segregant
in early generations have shown to be very efficient.

Table 1- Estimates of variances phenotypic, genotypic, additive, dominance and environmental;
heritability broad and narrow sense; number of genes and prediction of selection gain in
segregant populations of common bean

IAPAR 81 x LP 97-28 PROD M100s NPP NSP
Phenotypic F, variance (qu) 8.3 8.4 11.5 0.6
Environmental variance (o,’) 1.0 0.9 0.8 0.1
Genotypic variance (agz) 7.3 7.4 10.7 0.51
Additive variance (g,°) 5.9 5.1 10.3 0.6
Dominance variance (o,°) 1.5 2.3 0.33 0.0
Heritability broad (H +;) 87.8 88.3 92.7 89.1
Heritability narrow (h°,) 69.8 60.4 89.8 98.9
Number of genes (n) 5 5 2 2
Selection gain prediction

Gain from selection (gs) 25.2 11.1 32.7 42.7
Average cycle 1 (i) 20.2 29.2 9.42 4.9

CONCLUSION

The results obtained in this study are of high importance, since the genetic gains to grain yield
and its primary components in the selection cycles were satisfactory due to the fact of the
addictive nature component is one of the most important. These results also reveal that the choice
of contrasting parenting IAPAR 81 (drought tolerant) and LP 97-28 (low drought tolerance) were
appropriate, showing the transmission of the character tolerance to drought.
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INTRODUCTION

Spain together with Italy and Greece are the main common bean producers. Ledn, a province
located at the northwest of Spain, is the main producer province by quantity and quality, with
almost 45% of Spanish production in 2014. In the last years, however dry bean production has
gone through difficulties due to relatively low yields (mainly caused by fungus, virus, and
bacteria) and insufficient income for growers.

The cultivation of the bean is affected by numerous fungal infections, one of the most frequent
“Rhizoctonia disease” caused by Rhizoctonia solani JG Kiihn. (Teleomorph: Thanatephorus
cucumeris). Trichoderma spp. is a secondary opportunistic invasive, fast-growing, which it
produces large numbers of spores, enzymes capable of degrading cell wall and antibiotic
substances. Many Trichoderma species are well-known for their ability to promote plant growth
and defence. The aims were study how the interaction of bean plants with R. solani and/or
Trichoderma affect bean plants.

MATERIALS AND METHODS

The present study was conducted with twenty-three isolates of Trichoderma and one isolate of
Rhizoctonia solani collected from the production area of the Protected Geographical Indication
(PGI), called "Alubia La Bafeza - Leon", without any genetic manipulation and three isolates
from other collections.

In vitro antifungal assays. Trichoderma isolates were evaluated for their in vitro potential to
antagonize the plant pathogenic fungus R. solani using two different tests: direct confrontation
and assay on membranes. The procedure was performed as previously described (Mayo et al.,
2015).

In vivo assay of the antifungal activity. The bioassays were performed in climatic chambers
with 15 in vitro selected Trichoderma isolates. The procedure was performed as previously
described (Mayo et al., 2015).

Analysis of expression of bean defence-related genes. Three bean leaves from 45 day-old
plants of each treatment were randomly collected and they were detached from plants inoculated
with Trichoderma isolate showing positive phenotypic results in the in vivo test. The procedure
was performed as previously described (Mayo et al., 2015).

Quantification of ergosterol and squalene. Total intracellular sterols of the Trichoderma

selected strain were extracted and ergosterol and squalene content were quantified as previously
described (Mayo et al., 2015).

RESULTS AND DISCUSSION

Trichoderma isolates inhibited R. solani growth by more than 75%, were T003, T004, T006,
T020, T022, TO12, TO13, T025, TO16, T0O07, T024, TOO5 and TO10 and T019 in membrane
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assays. T021 was the Trichoderma isolate showing the highest percentage of inhibition (72.77%)
in the direct confrontation assays, whereas T009 showed the lowest inhibition values (14.63%).

T. harzianum TO19 shows a positive effect on the level of resistance of bean plants to R. solani.
This strain induces the expression of plant defence-related genes and produces a higher level of
ergosterol, indicating its ability to grow at a higher rate in the soil, which would explain its
positive effects on plant growth and defence in the presence of the pathogen.

An increased production of ergosterol and squalene by Trichoderma resulted in the induction of
defence genes in the bean plants. In this way, the plant would grow better under a pathogen
presence in the soil.

A.-T+R vs -T-R B. +T109-R vs -T-R C.+T109+R vs -T+R
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Fig. 4: Expression of CH5bh, CHI, PRI, PR2, PR3, PR4 and PAL genes in comparison with a-
actin and EFla reference genes. Comparison of the gene expression of the bean defence-related
genes A) in plants infected with R. solani R43 versus control plants. B) In plants treated with
Trichoderma T019 versus control plants C) In plants infected with R. solani R43 and treated with
Trichoderma TO19 versus plants infected with R. solani R43. (Mayo et al., 2015)
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INTRODUCTION

Phosphorus deficiency limits crop yield. The two major components of P efficiency are P
acquisition efficiency and P use efficiency. Phosphorus acquisition efficiency refers to the
plant’s ability to acquire greater amounts of P per unit root length, whereas P use efficiency
refers to the plant’s ability to produce yield per unit of acquired P from soil (Beebe, et al., 2006).
With a given P supply in soil, P acquisition per plant might be improved with a root system that
provides greater contact with P and with greater uptake per unit of root due to enhanced uptake
mechanisms, and with an ability to use insoluble organic or inorganic P forms that are relatively
unavailable or poorly available to plants (Clark and Duncan, 1991). There is a need to identify
varieties tolerant to low P mineral in order to reduce cost of production to farmers. Therefore this
project aims: to determine the effect of phosphorus levels on vegetative plant growth and to
evaluate genotypic variability in terms of phosphorus uptake under limiting soil phosphorus.

MATERIALS AND METHODS

The experiment was conducted in the glasshouse at USDA-Prosser WA, following a randomized
completely block design. Eight Andean genotypes, representing parents of RIL populations, were
grown in three mono-ammonium phosphate (MAP) fertilizer levels applied at planting time at a
rate of Okg P ha” (Oppm), 50kg P ha™' (22.5ppm) and 100kg P ha™ (45ppm). The first set of
experiment with 4 replications, 8 bean genotypes and 3 fertilizer levels was harvested at
flowering maturity. The second set of experiment with the same number of treatments was
harvested at seed maturity. In total 192 plants were planted for this experiment. The experiment
was repeated three times to confirm the results. Shoot and root dry weights were collected at
flowering maturity, tissues were dried for 48hrs at 75 °C. Seed yield were collected at harvest
maturity. To determine internal P concentration (ppm) for shoot, root and seed all samples were
ground to pass 1 mm sieve using a large Wiley mill and analyzed by ICP nitric acid digest
method (Isaac and Johnson, 1975). Calculations for P susceptibility index (PSI) and P use
efficiency (PUE) were done. Statistical analysis of phenotypic traits measured was conducted
with SAS 9.4 software. Analysis of variance and correlation among variables was performed.

RESULTS

For all varieties, shoot biomass was lowest when no P was added. G122, Cardinal and Rojo were
consistently more susceptible to P deficiency as indicated by significantly lower shoot dry
weight in no P treatment. The PSI calculations for each variety using shoot and root dry weight
are shown in Table 2.

The results confirm Tukey comparisons of mean (Fig. 1) that G122, Cardinal and Rojo have
higher PSI values above 1.1 suggesting that they might also be susceptible to P deficiency. All
other varieties have PSI values between 0 — < 1.0 indicating moderate tolerance to P deficiency.

There is significant variation (P < 0.05) between Montcalm and G122 means for PUE (Table
3), but all other genotypes showed variations which were not statistically significant. Montcalm,
Bukoba, and Kijivu exhibited high internal P use efficiency in all phosphorus treatments. A high
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PUE score reflects more shoot biomass obtained by remobilizing a higher portion of internal P.
When no P is added, G122, CAL143 and Cardinal have the lowest PUE scores. Shoot: root ratio
was expected to be lower in no P treatment and increase with higher P levels. Bukoba and Rojo
have higher shoot: root ratio at no P treatment (data not presented) suggesting that they were
more efficient in P utilization. The significant correlations (P < 0.05) for shoot and root biomass
production (r = 0.80), and shoot internal P and root internal P (r = 0.83) suggest that shoot and
root biomass production are related for beans grown in P deficient soils. Significant (P < 0.05)
but negative correlations were observed for PSI shoot and shoot dry weight and PSI root and root
dry weight. This was expected because lower PSI value indicates a higher tolerance to P-
deficiency.

0 50 100 0 50 100 #0 100 0 50 100 0 50 100 0 0 50 100
G122 Montcalm Thort Cardinal Kijivu Bukoba Rojo CAL 143
Fertilizer rate (kg/ha)

Fig. 1. Shoot biomass in the first experiment for eight bean varieties grown in
sunshine media with three different phosphorus (P) treatments.

Table 2: PSI calculations using Ismeans from three experiments Table 3: PUE for all varieties with different P treatments

using Ismeans from three experiments

Z?rzl;ty ?.h6030t dry weight Ii(;(;t dry weight Genotype P 0 kg/ha P 50 kg/ha P 100kg/ha

Cardinal 119 0.60 Montcalm 0.12 0.10 0.06

Rojo 0.96 1.46 B1:1.1.<0ba 0.12 0.07 0.06

Thort 0.94 0.91 Ku}vu 0.10 0.08 0.05

CAL143 0.92 0.94 Rojo 0.08 0.07 0.05

Montcalm 0.89 0.75 ThorF 0.07 0.06 0.04

Kijivu 085 075 Cardinal 0.06 0.06 0.05
CAL143 0.05 0.05 0.05

Bukoba 0.49 0.71 G122 0.04 0.08 0.05

DISCUSSION AND CONCLUSIONS

When no P is added, susceptible varieties like G122 have the lowest PUE scores while Bukoba
and Montcalm have high PUE indicating they may be displaying tolerance via high use of their
internal P. Low PSI values for root and shoot biomass (Table 2) were a good indicator that
Bukoba and Kijivu were less susceptible to P deficiency. Higher shoot:root ratio is an indication
that some varieties responded to the low P treatment by increasing root growth.

Bukoba exhibits good Phosphorus use efficiency with high root:shoot ratio and low PSI values
for both shoot and root dry weight. Such characteristics suggest Bukoba could be useful for
breeding elite bean varieties tolerant to soil P deficiency in the future.

REFERENCES

Beebe, S.E., M. Rojas-Pierce, Yan X, M.W. Blair and F. Pedraza. 2006. Quantitative trait loci for root architecture
traits correlated with phosphorus acquisition in common bean. Crop Sci 46: 413-423.

Clark, R.B. and R.R. Duncan. 1991. Improvement of plant mineral nutrition through breeding. Field Crops Res 27:
219-240.

Isaac, R.A. and W.C. Johnson. 1975. Collaborative study of wet and dry ashing techniques for elemental 327
analysis of plant tissue by atomic absorption spectrophotometry. J. Assn. Offic. Anal. Chem. 58:436-328 440.

72



RECURRENT SELECTION TO DEVELOPMENT OF CARIOCA TYPE COMMON
BEANS CULTIVARS AT IAPAR

Moda-Cirino, V.; Buratto, J.S.; Fonseca Jr., N.S.

Agronomic Institute of Parana State - IAPAR, Celso Garcia Cid Road, Km 375, 86047-902,
Londrina, PR, Brazil vamoci@jiapar.br

INTRODUCTION

Brazil is the main world producer and consumer of common beans (Phaseolus vulgaris L.). The
annual area cultivated is around 3,366 million hectares with an approximated production of
3,454 million tons and the estimated consumption of 17kg per capita per year (Conab, 2015).
Among the various types of common beans consumed in Brazil, carioca beans represent about
67% of the total production, corresponding to about 2,314 million tons per year. In the
development of new autogamous cultivars pedigree, bulk or SSD method and their variants are
usually is used in a population often obtained by biparental crosses. The major limitations of
these methodologies are low genetic variability and low probability of genetic recombination
occurrence, reducing the genetic gain. The recurrent selection (RS) has been used as a way to
overcome these but also to broaden the genetic base of cultivars. This work aimed to develop
new carioca type common beans cultivars with high yield potential, production stability and
higher technological and nutritional grain characteristics.

MATERIAL AND METHODS

Eight parents were selected, based on the yield potential, resistance to main diseases, tolerance to
edaphoclimatic stress, plant architecture, technological and nutritional quality of grains and
genetic divergence. They were intercrossed in a partial diallel scheme, to generate the base
population (CySy). This population was conducted by single pod descent method (SPD) until to
generation (CyS3) in which individual plants were selected and their progeny (C(¢S4) conducted
by the pedigree method. In this generation, 300 progenies (C(Ss) were selected and evaluated in
augmented Federer’s blocks design, and the 20 promising progenies were selected and coded
with the LP abbreviation followed by the year of acquisition and the sequence number. These
progenies were recombined using circulating crosses, in which the population (C;Sy) was used to
initiate the second cycle in which the previous steps were repeated.

RESULTS AND DISCUSSION

A Recurrent selection program was carried out at IJAPAR in 1998 and until now has been
completed five cycles of RS. During these cycles was obtained two new cultivars named IPR
Tangard and IPR Quero-quero, five superior lines, LP09-33, LP09-34, LP09-40, LP09-41 and
LP09-47, which are in the genetic seed production phase and twelve lines coded as LP13-, that
are being evaluated in the test VCU. The cultivars IPR Tangard and IPR Quero-quero were
registered by the Ministry of Agriculture, Livestock and Supply for cultivation in five Brazilian
states. IPR Tangara (breeding line LP02-02) was obtained in the first cycle of RS, presenting
resistance to rust (Uromyces appendiculatus), moderate resistance to angular leaf spot
(Phaeoisariopsis griseola), curtobacterium (Curtobacterium flaccumfaciens pv. Flaccumfaciens)
and powdery mildew (Erysiphe polygoni) and susceptibility to anthracnose (Colletotrichum
lindemuthianum) and common bacterial blight (Xanthomonas axonopodis pv. Phaseoli). 1t has
3,326 kg/ha of yield potential, excellent grain quality and intermediate drought and heat
tolerance (Table 1). IPR Quero-quero (breeding line LP07-80), from the second cycle, has shown
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better plant health, it presents resistance or moderate resistance to the important pathogens
diseases, reduced cooking time and higher iron content in the grain (9mg.100g™). It presents a
yield potential of 4,425kg.ha”', exceeding in 14% the cultivar Perola, (Table 1). SR uses provided
gain in yield, plant health, technological and nutritional quality of grains and increased genetic
variability.

Table 1. Average grain yield (kg.ha') of common beans IPR Tangara and IPR Quero-quero
cultivars compared to the control cultivars and Relative Yield (RY%) in trials of Value for
Cultivation and Used (VCU) conducted in the states of Parana (PR), Santa Catarina (SC), Sao
Paulo (SP) and Rio Grande do Sul (RS), in three growing seasons.

Seasons Overall
Autumn- Average
Trial Cultivars Rainy Dry RY (%)
Winter (kg.ha™)
IPR Tangara 1,906 2,105 - 2,005 104.8
VCU - PR Carioca 1,863 1,968 - 1,916 100.2
Iapar 81 1,731 1,843 - 1,787 93.4
IPR Juriti 2,035 2,034 - 2,035 106.4
IPR Tangara 3,468 2,500 - 2,984 112.4
VCU -SC Perola 3,289 2,275 - 2,782 104.7
SCS 202 Guara 3,370 2,119 - 2,744 103.4
IAC Alvorada 3,036 1,840 - 2,438 91.8
IPR Tangara 2,705 2,355 3,074 2,712 109.8
VCU - SP IAC Alvorada 2,315 1,885 3,041 2,414 97.7
Pérola 2,670 2,092 2,811 2,524 102.2
IPR Quero-quero 2,378 2,300 - 2,339 111.8
VCU - PR IPR Siriri 2,100 2,191 - 2,146 102.6
IAPAR 81 2,101 2,033 - 2,067 98.6
Carioca 2,166 1,959 - 2,062 98.6
IPR Quero-quero 3,621 2,703 - 3,162 115.5
VCU -SC SCS 202 Guara 3,317 2,177 - 2,747 100.4
Pérola 3,247 2,205 - 2,726 99.6
IPR Quero-quero 2,477 1,891 - 2,184 108.3
VCU -RS Carioca 2,494 1,699 - 2,097 104.0
Pérola 2,357 1,514 - 1,936 96.0
IPR Quero-quero 3,554 3,983 1,655 3,064 1154
VCU - SP IPR Juriti 3,104 3,326 1,428 2,619 98.6
IAC Alvorada 3,296 3,103 1,676 2,692 101.4
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INTRODUCTION
Herbicides are widely used in common bean (Phaseolus
vulgaris) fields to control weeds. However, herbicide damage to

Table 1. Common bean varieties used in
the experiments to date, their respective
market classes, and abbreviations (used in

. . . this report).
common bean crop is also a concern. This research aims to
develqp common beans jchat are genetically resistant to herbicide lc\ldaasrsket Variety Abbreviation
Pursuit via genome editing approach. The first phase of the Carman -
research is to develop in vitro regeneration system. A large Black
number of common bean varieties representing different | Black gﬁrcn;ﬁ‘czk BD2
backgrounds were evaluated for regeneration using cotyledons Zorro ZRO
. : Ica Pijao IPJ
and e?mbryorpc axes as explants. ljhe regeneration sy§t§m S|l T e
established will be used for genome editing to develop herbicide AAC ATN
resistance in common bean. Great ;‘rgra
porhel Whitehorse AWH
MATERIALS AND METHODS g’latterhom i\)/IRTH
To dat.e, 27 varieties belonging to ten market clas§es have 1t.)een O‘thgl;x ORX
tested in tissue culture experiments (Table 1) following a modified | Navy BAT93 BAT
protocol [1]. The seeds were germinated for 5-7 days instead of 3 o
days [1]. The tissues used in our experiments were different from | pink Sedona SDN
the published protocol. Following germination, the seeds were iié’in‘a I
dissected into several different tissues: cotyledon and embryonic | pino Burdett ABR
axis (Figure 1). The cotyledons were placed on callus induction gian;i gSLLT
medium (CIM? either in the abaxial or the ?daxial orientation. The g5 letlt:ahn MM
embryonic axis or hypocotyl was cut into three 2 to 3-mm | Kidney | Red Hawk | RHK
transverse sections which were placed onto another CIM plate. gacrlire q AER
All explants were kept on CIM in the dark for the first seven days | Smallred | Merlot MRL
and later were placed under light, following Collado et al. [1] gg;,?gg JAL
protocol.  After [vellow | LlivLO12 | LI2
~ SC three weeks on bean LI1YLO15 | LIS
_ ‘ : Q : Mixture | XAN-159 | XAN
CIM, calli were [Andean | GI9833 | GI9
: <«—cor removed  from
\ a sm the explants and, if green, were placed on callus
e ™ ? proliferation medium (CPM) for another three
A A i weeks [1]. Shoots were allowed to regenerate on
A B HYP
T -t Figure 1. Dissection strategy for the tissue culture
AB protocol. A Seeds were germinated on GM. B The seed
» ™ ( A coat (SC) and cotyledons (COT) were removed. The
"'i : y  shoot (SM) and root meristems (RM) were excised. The
4 E Z g J } *  remaining embryonic axis/hypocotyl (HYP) was cut into

c =M™ b s orientation.
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shoot regeneration medium (SRM) for at least three weeks, longer if necessary, and then were
transferred to shoot elongation and rooting media (SERM) [1]. When shoots were more than 3
cm in length, they were transferred to pots with ProMix BX potting mix and kept in a growth
chamber until they set seed.

RESULTS i

Figure 2. Percent of callus
development (top) and percent of
shoot development (bottom) in each
variety for each of the tissues tested:
embryonic axis/hypocotyl (purple)
and cotyledon (green).

Percent callus develop|
oBBBESB S

Twenty-seven bean
varieties were investigated
for callus and shoot
development. Twenty-six
out of the 27 wvarieties E— m
Showed Varlous degrees Of ABR AWH BAT BD2 CB CRL I G19 I JAL ‘ L15 ‘MTH‘ MHLIMTM ORX OLT‘ Pl ‘ PR I RHK ‘ SDN I XAN‘
callus development (Figure mhypocotyl M cotyledon

2). From these, 19 varieties showed some degree of shoot development (F