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IN DEDICATION TO

SANJAYA RAJARAM

A titan of the wheat world succumbed to COVID-19 on 17 February, 2021. Sanjaya
Rajaram, 78, passed away in Ciudad Obregon, Sonora, Mexico. ‘Raj’, as he was
called by those who knew him, carried the mantle of his grand mentors, Norman

E. Borlaug and Glenn Anderson, the driving forces of the wheat revolution of the
20" Century. He took over CIMMYT’s bread wheat program in the early 1970s and
proceeded to lead a 2™ Green Revolution in wheat production into the early 2000s
that continues through today.

Rajaram was born and raised in Raipur, a small Indian farming village
near the city of Varanasi, Uttar Pradesh. The family was of modest means and Raj
was one of the few in the village who went to school. He was a good student and
ultimately got a scholarship to study agriculture at the college in Gorakhpur, close
to his home. Once finished he went on to IARI, New Delhi for his M.Sc. under the
guidance of M.S. Swaminathan and N.L. Dhawan and was then awarded a Ph.D.
scholarship to University of Sydney where he studied plant pathology and breeding
under I.A. Watson and N. Derera. Upon his return to India, Anderson offered him a
postdoctoral fellowship in India and after six months he asked Raj to go to CIM-
MYT in Mexico.

In Mexico, Rajaram impressed Borlaug and Anderson and went from a postdoctoral fellow in 1969-71 to ge-
neticist in 1971-72 and became head of CIMMYT’s Bread Wheat Breeding Program in 1972. In 1996, he was appointed
as Director, International Wheat Program. Borlaug and Anderson saw Raj’s ability to ‘feel’ the plants; both how critical
it was to have open minded, young scientists for changing the old system and accepting new technology. Raj’s photo-
graphic memory for wheat cultivars — and humans — and his grasp of handling large numbers of crosses and management
of the populations and nurseries was unparalleled.

During Raj’s leadership of the CIMMYT Wheat Program, 481 cultivars were released in 51 countries. These
cultivars, grown on ca 60 x 10° ha, had increased yield stability and potential, broad agronomic adaptation, more efficient
input utilization, and improved disease resistance. This increased global wheat production by more than 200 x 10° tons
during his lifetime across most wheat regions in the world.

Other significant achievements include: increased genetic variability via ‘spring X winter’ crosses and exploit-
ing synthetic wheats; rust resistance based on slow rusting genes and reduced use of race-specific resistance; develop-
ment of wheat lines tolerant to acid soils; increased exchange of information via the international nursery system that
ultimately led to the International Wheat Information System. This information system increased reliability of data and
analysis over time and space; expanded global testing system to identify lines with highest yield potential, disease resist-
ance, and abiotic stress tolerance; and structuring the program according to mega-environments. None of this happened
in a vacuum and required outstanding leadership and teamwork from scientists, students, and national staff working in
Mexico and cooperating countries.

Human resource development was a critical component to the success of the world wheat effort. Raj interacted
and mentored more than 700 young scientists from around the world. It opened up minds and doors that never could
have been done otherwise. Further, he supported many advanced projects in the wheat program with universities world-
wide. In his efforts with colleagues and students over the years he published more than 419 publications, 119 of which
were in refereed journals.

In honor of his lifetime dedication and success in increasing food production and helping to reduce world
hunger, Rajaram was awarded the World Food Prize in 2014. Over his career he received numerous honorary degrees
and awards and some are mentioned here: the Pravasi Bharatiya Samman award, the highest honor conferred on Indi-
ans overseas, and the Padma Shri Award, India; Fellow, IAAS; Presidential Award, Fellow and International Service in
Agronomy by ASA and CSSA; the Rank Award, UK; the Friendship Award, China; Crawford Fund Derek Tribe Award,
Australia; Khwarizmi International Award, Iran; and the Order of Quetzal Award, Guatemala.
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After his retirement from CIMMY'T, Rajaram served as Director of the Integrated Gene Management Program
at the International Center for Agricultural Research in the Dry Areas ICARDA) before formally retiring in 2008. In his
retirement, he continued as a special scientific advisor to CIMMYT and ICARDA.

In addition to his successful career as a plant scientist, Rajaram launched and operated Resource Seeds Interna-
tional, a company to develop and market seed of improved wheat cultivars. In recent years Raj was serving as President
of Fundacién Ambiental del Valle del Yaqui A.C, a non-profit foundation in support of environmental improvement in
Sonora through afforestation and reforestation with native trees.

The world has lost one of the greatest ‘Hunger Fighters’ of our time. Rest in peace friend and mentor. Deep
condolences are sent to the Rajaram family.

Submitted by H.J. Dubin, H.-J. Braun, R. Singh, and M. Kohli.
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BYRD C. CURTIS

The International Maize and Wheat Improvement Center (CIMMYT) sadly notes
the passing of Byrd C. Curtis, former Director of the Global Wheat Program, on 7
January, 2021. He was 95 years old and lived in Fort Collins, Colorado, USA, with
his wife Eloise Curtis.

From his studies at Oklahoma State University to retiring after a fruitful
international career with Colorado State University, Cargill Inc., and CIMMYT, he
never got weary of sharing his passion for breeding better, tastier, and sturdier wheat
to improve peoples’ livelihoods.

He was an innovator at heart and his legacy will live on through Colorado
State University’s wheat breeding program and the many wheat cultivars he devel-
oped. Not only did he start Colorado State University’s wheat breeding program in
1963, but he also ensured that the cultivars that were bred by his team reflected the
needs of humanity for decades to come, such as the hard, red winter wheat named
after himself.

Curtis worked at CIMMYT from 1982 and 1988 as Director of the Global
Wheat Program. Together with his team, he worked to position CIMMYT as the leading international research-for-devel-
opment and breeding organization for wheat for years to come.

“Byrd was very keen to build oral communication skills of scientists, which has been very helpful to me,” said
Ravi Singh, Head of Global Wheat Improvement at CIMMYT. “He also initiated the Turkey-CIMMY T-ICARDA Inter-
national Winter Wheat Improvement Partnership’s (IWWIP) winter wheat breeding program and even worked there in
Turkey in his final year with CIMMYT to ensure it would take off well”

Byrd was instrumental and showed tremendous foresight. IWWIP’s establishment in Turkey became first major
breeding program within CGIAR that was hosted by a national program. He strongly supported the creation of the Wide
Crossing Program. The synthetic wheat varieties developed in this program have had global impact on wheat improve-
ment.

Aside from his remarkable technical legacy, Byrd had a knack for choosing the right people for the job. In the six
years as Director of the Global Wheat Program, he hired scientists who held major roles in global wheat improvement:
Ravi Singh, Distinguished Scientist and Head of Global Wheat Improvement; Wolfgang Pfeiffer, former leader of spring
bread wheat, durum wheat, and triticale crop improvement; and Hans Braun, Director of the Global Wheat Program from
2004 to 2020.

“Byrd not only initiated the winter wheat program,” said former Global Wheat Program Director Hans Braun,
who was hired by Byrd in 1983. “He was also director when the tropical wheat program was implemented in Thailand”
This program’s work increased yields up to 1.5 tons per hectare but ultimately did not convince Thai farmers. Neverthe-
less, Braun said, “One of the oddest experiences I've had was to see our winter wheat material from Turkey grown in the
Thai jungle!”

After retiring from his professional life in 1991, Curtis and his wife Eloise moved back to Fort Collins, where his
career started in the 1960s and where he will be remembered by his townspeople — and fellow athletes and gym-goers —
for his determination and active lifestyle.
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I. SPECIAL REPORTS

INTERNATIONAL WHEAT GENOME SEQUENCING CONSORTIUM
http://www.wheatgenome.org/

2.1: New versions of the bread wheat reference sequence assembly and annotation.

As for many around the world, the IWGSC activities were impacted by the closure of laboratories in 2020 and the ongo-
ing inability to travel, meet, and network due to the COVID-19 pandemic. Nonetheless, the Consortium was able to make
some progress.

In April 2021, a revised version of the reference wheat genome, IWGSC RefSeq v2.1, was made available to the com-
munity at the IWGSC data repository hosted by URGI-INRAE. The genome assembly of Triticum aestivum cv. Chinese
Spring (IWGSC RefSeq v1.0) was revised using whole-genome, optical maps and contigs assembled from whole-genome-
shotgun (WGS) PacBio SMRT reads. Optical maps were used to detect and resolve chimeric scaffolds, anchor unassigned
scaffolds, correct ambiguities in positions and orientations of scaffolds, create super-scaffolds, and estimate gap sizes
more accurately. PacBio contigs were used for gap closing. Pseudomolecules of the 21 Chinese Spring chromosomes

were reconstructed to develop a new reference sequence, IWGSC RefSeq v2.1. The revisions involved approximately

10% sequence length of the IWGSC RefSeq v1.0. The work was conducted under the leadership of Mingcheng Luo and
Jan Dvorak (UC Davis, CA, USA) with funding from the U.S. National Science Foundation and the USDA Agricultural
Research Service.

A new version of the reference sequence annotation, IWGSC Annotation v2.1, also was released to accom-
pany RefSeq v2.1. Annotation v1.1 was updated to generate an interim annotation, IWGSC Annotation v1.2, by integrat-
ing a set of 117 novel genes and 81 microRNAs, many of which had been curated manually by the wheat community. This
interim gene annotation was used to annotate IWGSC RefSeq v2.1. The transposable elements in the resulting assembly
IWGSC RefSeq v2.1 were reannotated and gene annotation was updated by transferring the previously known gene
models (v1.1) using a fine-tuned, dedicated strategy implemented in the Marker-Assisted Gene Annotation Transfer for
Triticeae (MAGATT) pipeline. The newly released IWGSC Annotation v2.1 contains 266,753 genes comprising 106,913
HC genes and 159,840 LC genes. The work was conducted under the leadership of Frédéric Choulet and Hélene Rimbert
(INRAE) and with funding from the French the Research National Agency (ANR).

An article outlining these new resources and the improvements to the wheat reference sequence has been pub-
lished in The Plant Journal and is available on open access.

Reference.

Zhu T, Wang L, Rimbert H, Rodriguez JC, Deal KR, De Oliveira R, Choulet F, Keeble-Gagnére G, Tibbits J, Rogers J,
Eversole K, Appels R, Gu YQ, Mascher M, Dvorak J, and Luo M-C. 2021, Optical maps refine the bread wheat Triticum
aestivum cv. Chinese Spring genome assembly. Plant ] https://doi.org/10.1111/tpj.15289.

A collaboration with Arbor Biosciences to provide tools for the community - such as the myBaits® Expert Wheat Exome
capture panel released in October 2019 - has been delayed in 2020 as Arbor focused its effort on providing tools for the
pandemic response. Nevertheless, a promoter capture array has been developed and is currently undergoing tests, with

a release anticipated by the end of 2021. Plans and efforts are also underway to develop add-on modules for the exome
panel such as low confidence genes from the IWGSC RefSeq v2.1 annotation and an array that captures common intro-
gressions. Arbor Biosciences is also working on the incorporation of the revised and annotated IWGSC RefSeq v2.1 and
genome-wide SNPs.

The IWGSC is still looking for collaborators, partners, and funding for the IWGSC Wheat Diversity project
aimed at sequencing at least eight landraces to characterize the breadth of genetic diversity in bread wheat. In this project,
the genomes of eight to twelve landraces, representing the full breadth of genetic diversity in wheat, will be sequenced at

4
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high quality. These, in conjunction with the IWGSC RefSeq v2.1 and subsequent versions as well as other high-quality
sequences of elite lines, will serve as the foundation for the diversity panel and haplotype map. Lower quality genome
sequences of other landraces and elite lines will be added as available.

The IWGSC also continues its highly successful webinar series to showcase research results, tools, and resources.
All webinars are free to attend and are posted subsequently on the IWGSC YouTube channel (see link below).

Data access.

All TWGSC data, including IWGSC RefSeq v2.1, IWGSC Annotation v2.1, and associated resources are publicly avail-
able at the IWGSC data repository at URGI-INRAE Versailles, France. Most data are also available at Ensembl Plants,
Graingenes, WheatIS and NCBI: https://wheat-urgi.versailles.inra.fr/

Links.

o IWGSC website http://www.wheatgenome.org/
« IWGSC YouTube Channel https://www.youtube.com/c/internationalwheatgenomesequencingconsortium
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II. WHEAT WORKERS’ CODE OF ETHICS

This seed is being distributed in accordance with the “‘Wheat Workers” Code of Ethics for Distribution of Germ Plasm,
developed and adopted by the National Wheat Improvement Committee on 5 November, 1994. Acceptance of this seed
constitutes agreement.

L. The originating breeder, institution, or company has certain rights to the material. These rights are
not waived with the distribution of seeds or plant material but remain with the originator.

2. The recipient of unreleased seeds or plant material shall make no secondary distributions of the germ plasm
without the permission of the owner/breeder.

3. The owner/breeder in distributing seeds or other propagating material grants permission for its use in
tests under the recipient’s control or as a parent for making crosses from which selections will be made. Uses
for which written approval of the owner/breeder is required include:

(a) Testing in regional or international nurseries;

(b) Increase and release as a cultivar;

(c) Reselection from within the stock;

(d) Use as a parent of a commercial F, hybrid, synthetic, or multiline cultivar;

(e) Use as a recurrent parent in backcrossing;

(f) Mutation breeding;

(g) Selection of somaclonal variants; or

(h) Use as a recipient parent for asexual gene transfer, including gene transfer using molecular genetic
techniques.

4. Plant materials of this nature entered in crop cultivar trials shall not be used for seed increase. Reasonable
precautions to ensure retention or recovery of plant materials at harvest shall be taken.
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IIl1. CONTRIBUTIONS

ITEMS FROM BRAZIL

BRAZILIAN AGRICULTURAL RESEARCH CORPORATION — EMBRAPA TRIGO
CP 3081, 99.050-970 Passo Fundo, Rio Grande do Sul, Brazil.

Performance of wheat cultivars in the state of Rio Grande do Sul, Brazil, 2019.

Ricardo Lima de Castro, Eduardo Caierdo, Joao Leonardo Fernandes Pires, and Pedro Luiz Scheeren; and Marcelo de
Carli Toigo and Rogério Ferreira Aires (DDPA/SEAPDR, C.P. 20, 95.200-970 Vacaria, Rio Grande do Sul, Brazil).

The Brazilian Commission of Wheat and Triticale Research (BCWTR) annually conducts the State Test of Wheat Cul-
tivars in the state of Rio Grande do Sul (STWC-RS), to support the indications of cultivars. This work evaluated wheat
cultivar grain yield performance of the STWC-RS in 2019. The yield grain performance of 30 wheat cultivars (Ametista,
BRS 327, BRS Belajoia, BRS Marcante, BRS Reponte, CD 1303, Celebra, Espordo, FPS Amplitude, FPS Certero, Inova,
LG Cromo, LG Fortaleza, LG Oro, LG Supra, ORS 1401, ORS 1402, ORS 1403, ORS 1405, ORS Citrino, ORS Madre-
pérola, ORS Vintecinco, TBIO Audaz, TBIO Iguagu, TBIO Ponteiro, TBIO Sintonia, TBIO Sinuelo, TBIO Sonic, TBIO
Sossego, and TBIO Toruk) was studied in 14 environments (Coxilha, Cruz Alta — seasons 1 and 2, Passo Fundo — sea-
sons 1 and 2, Sertdo, Vacaria — season 1, Vacaria — season 2, Vacaria — season 3, Augusto Pestana, [jui, Santo Augusto,
Sdo Borja, and Trés de Maio) in Rio Grande do Sul in 2019. The experiments were in a randomized block design with
three or four repetitions. Each plot consisted of five 5-m rows with 0.2 m spacing between rows and a plant density ap-
proximaely 330 plants/m?. Grain yield data (kg/ha') were subjected to individual analysis of variance (for each environ-
ment) and a grouped analysis of variance (for all environments). The grouped analysis of variance employed a mixed
model (fixed cultivar effect and randomized environment effect). Grain yield performance of the wheat cultivars was
evaluated by analysis of adaptability and stability, employing the method of distance from the ideal cultivar, weighed by
the coefficient of residual variation, as proposed by Carneiro (1988). In this analysis, the ideal cultivar was that with high
grain yield, high stability, low sensitivity to adverse conditions of unfavorable environments, and the ability to respond
positively to improvement of favorable environments. The general average of the STWC-RS in 2019 was 4,676 kg/ha.
Coxilha had the highest average wheat grain yield: 6,589 kg/ha. The maximum wheat grain yield was 7,362 kg/ha in
Coxilha (cultivar Inova). Cultivars BRS Reponte, Inova, CD 1303, ORS 1403, and FPS Certero had adaptability and sta-
bility in favorable environments (environments with average of wheat grain yield higher than the general average). CD
1303, ORS Citrino, FPS Certero, BRS Reponte, and ORS Vintecinco had adaptability and stability in unfavorable envi-
ronments (environments with average of wheat grain yield lower than the general average). In general, the average of all
environments, CD 1303 (5,130 kg/ha'), FPS Certero (5,063 kg/ha), BRS Reponte (5,147 kg/ha), ORS Citrino (4,954 kg/
ha), and Inova (5,016 kg/ha) were the cultivars that came closest to the ideal cultivar.

Reference.

Carneiro PCS. 1998. New methodologies for analyzing the stability and adaptability of behavior. Vicosa, UFV. Thesis
(Ph.D. in Genetics and Breeding), Post Graduate Program in Genetics and Breeding, Federal University of Vicosa.
168p.
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Wheat crop in Rio Grande do Sul state, Brazil, 2019.

Ricardo Lima de Castro, Eduardo Caierdo, Aldemir Pasinato, Jodo Leonardo Fernandes Pires, and Pedro Luiz Scheeren.

Rio Grande do Sul is one of the main wheat-producing states in Bra-
zil. This study analyzed the wheat crop in Rio Grande do Sul in 2019.
In 2019, Rio Grande do Sul state harvested 760,911 ha of wheat
(36.3% of the total area harvested in Brazil), producing 2,287,720
tons of wheat (40.8% of the Brazilian production), with an average
of grain yield of 3,007 kg/ha (336 kg/ha above the Brazilian average
of 2,671 kg/ha). Among the geographical mesoregions of Rio Grande
do Sul (Fig. 1), the RS Northwest mesoregion harvested the largest
wheat area, 616,402 ha (81.0 % of the cropped area in the state) and
had the largest production, 1,876,590 tons of wheat grain (82.0% of
the state production) (Table 1). However, the average wheat grain
yield obtained in this mesoregion was the second highest in the

state at 3,044 kg/ha (37 kg/ha above the state average) (Table 1).

The RS Northeast mesoregion harvested 36,861 ha of wheat (4.8%

Fig.1. M ions in the state of Rio Grand
of the cropped area in the state), produced 124,056 tons of wheat N eSOTCgIoNs fil te stale of Mo rafide

do Sul, Brazil.

grain (5.4% of state production),

and had the highest average wheat

S Table 1. Area harvested, production, and average of grain yield of wheat in
(ggggl]z;?ﬁj ;Ill)g\l/z St',?(:es’tst’jiiekri/gtg each of the mesoregions (psee Fig. 1) of the stateg of Rfigo Grgnde do Sul, Brazil, in
(Table 1). The wheat crop in Rio 2019 (Source: IBGE. 2021). : =
Grande do Sul, in 2019, had some dneathanvested Broduction G.rT(;l
unfavorable weather conditions, . ye
notably a water deficit at the begin- Mesoregion ha %o tons % (kg/ha)
ning of the crop vegetative develop- RS Northwest 616,402 | 81.0| 1,876,590 82.0 3,044
ment, a high occurrence of powdery RS Northeast 36,861 438 124,056 5.4 3,366
mildew, and excessive rainfall at RS Western Center 42978 5.6 120,324 5.3 2,800
harvest, favoring preharvest sprout- RS Eastern Center 7,917 1.0 18,229 0.8 2,303
ing in more susceptible cultivars, Porto Alegre Metropolitan 1,000 0.1 2,500 0.1 2,500
especially in the colder regions RS Southwest 50,550 6.6 135,673 59| 2,684
with later sowing and harvesting. RS Southeast 5,203 0.7 10,348 0.5 1,989
Comparing the wheat crop data with Rio Grande do Sul State 760,911 100.0 | 2,287,720 100.0 3,007

the results of the State Test of Wheat
Cultivars in Rio Grande do Sul (STWC-RS) in 2019, we observed that the average of wheat grain yield of commercial
crops was 1,669 kg/ha below that of the average of the STWC-RS (4,676 kg/ha).

Reference.

IBGE. 2021. Producdo Agricola Municipal. Disponivel em: <https://www.ibge.gov.br/estatisticas/economicas/agricultu-

ra-e-pecuaria/9117-producao-agricola-municipal-culturas-temporarias-e-permanentes .html?=&t=resultados>. Acesso
em: 10 abr. 2021. Nota: Banco de dados agregados de estudos e pesquisas realizados pelo IBGE.
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ITEMS FROM GERMANY

LEIBNIZ-INSTITUT FUR PFLANZENGENETIK UND
KULTURPFLANZENFORSCHUNG — IPK GATERSLEBEN
CorrenstraBle 3, 06466 Seeland, OT Gatersleben, Germany.
http: ipk-gatersleben

A. Borner, A M. Alqudah, D.Z. Alomari, J. Brassac, Yu.V. Chesnokov, I. Draz, N.V. Kocherina, U. Lohwasser, Q.H.
Mugaddasi, M.A. Rehman Arif, M.S. Réder, M. Schierenbeck, A. Serfling, S.N. Shevchenko, S. Shokat, M.R. Simén,
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Genetic architecture and genome-wide prediction of grain protein content, grain starch content, and
grain hardness revealed via high-density SNP arrays and pan-genome analyses in European winter
wheat varieties.

Grain quality traits determine the classification of registered wheat cultivars. Although environmental factors and crop
management practices exert a considerable influence on wheat quality traits, a significant proportion of the variance is
attributed to the genetic factors. To identify the underlying genetic factors of wheat quality parameters, i.e., grain protein
content (GPC), starch content (GSC), and hardness (GH), we evaluated 372 diverse European wheat cultivars in repli-
cated field trials in up to eight environments. We observed that all of the investigated traits hold a wide and significant
genetic variation, and significant negative correlation exists between GPC and GSC plus grain yield. Our association
analyses based on 26,694 high-quality, single nucleotide polymorphic markers revealed a strong quantitative genetic
nature of GPC and GSC with associations on groups 2, 3, and 6 chromosomes. The identification of a known Puroindo-
line-b gene for GH provided a positive analytic proof of our studies. We report that a locus, QGpc.ipk-6A, controls both
GPC and GSC with opposite allelic effects. Based on wheat's reference and pan-genome sequences, the physical charac-
terization of two loci, QGpc.ipk-2B and QGpc.ipk-6A, facilitated the identification of the candidate genes for GPC. By
exploiting both additive and nonadditive interaction among the loci, we evaluated the prospects of predictive breeding
for the investigated traits that suggested its efficient use in the breeding programs.

Linkage mapping identifies a nonsynonymous mutation in FLOWERING LOCUS T (FT-B1) in-
creasing spikelet number per spike.

Total spikelet number per spike (TSN) is a major component of spike architecture in wheat. A major and consistent quan-
titative trait locus was discovered for TSN in a doubled-haploid, spring wheat population grown in the field over four
years. The QTL on chromosome 7B explained up to 20.5% of phenotypic variance. In its physical interval (7B: 6.37 to
21.67 Mb) the gene FLOWERING LOCUS T (FT-B1) emerged as candidate for the observed effect. In the parental lines,
FT-B] carried a nonsynonymous substitution on position 19 of the coding sequence. This mutation modifying an aspartic
acid (D) into a histidine (H) occurred in a highly conserved position. The mutation was observed with a frequency of
~68% in a set of 135 hexaploid wheat cultivars and landraces, although it was not found in other plant species. F7-B1
only showed a minor effect on heading (HD) and flowering time (FT), which were dominated by a major QTL on chro-
mosome SA caused by segregation of the vernalization gene VRN-AI. Individuals carrying the F7-B1 allele with amino
acid histidine had, on average, a higher number of spikelets (15.1) than individuals with the aspartic acid allele (14.3)
independent of their VRN-AI allele. Therefore, the effect of TSN is not mainly related to flowering time, but the duration
of pre-anthesis phases may play a major role.
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Linkage mapping reveals QTL for yellow rust resistance in spring wheat doubled-haploid
populations developed from the German Federal ex situ Genebank genetic resources.

Novel resistance sources to the pathogen Puccinia striiformis f. sp. tritici (Pst) that cause yellow rust (stripe rust), a
widespread devastating foliar disease in wheat, are in demand. We tested two doubled-haploid (DH) spring wheat popu-
lations derived from the genetic resources for resistance to yellow rust in the field trials in Germany and Egypt. Addi-
tionally, we performed tests for all-stage resistances (seedlings resistance). We performed linkage mapping based on the
genotyping data of a 15k Infinium SNP-chip that resulted in 3,567 and 3,457 polymorphic markers for DH population-1
(103 genotypes) and DH population-2 (148 genotypes), respectively. In DH population-1, we identified a major and con-
sistent QTL of chromosome 1B that explained up to 28% and 39% of the phenotypic variation in the field and seedling
tests, respectively. The identified QTL was (1) contributed by the parental line TRI-5645, (2) located on the short arm

of chromosome 1B (1.2 to 1.7 Mb), and (3) harbored several annotated disease resistance proteins, including a known
resistance gene Y710. The other parental line, i.e., TRI-11082, contributed several minor QTL on chromosomes 2B and
3A. In DH population-2, a major QTL on chromosome 6B was contributed by line TRI-5310 which represents variety
Eureke from France. This QTL was mainly effective in the German environments and explained up to 36% of phenotypic
variation. In Egypt, however, only a moderate resistance QTL was identified in the field tests and no resistance QTL was
observed in the seedling tests. Nevertheless, the 6B-QTL ranged from 144.9 to 149.4 Mb and harbored several annotated
disease resistance genes with no known gene present in the identified interval. Our results demonstrate the usefulness of
genetic resources for the identification of novel resistance sources to yellow rust, including the 'Warrior' race PstS10.

A Major Facilitator Superfamily Transporter is a putative candidate gene for nutrient mineral accu-
mulation in wheat grains.

Here we report a multi-locus, genome-wide association scan for a set of 369 diverse wheat genotypes, which were
genotyped by 90k iSELECT Infinium and 35k Affymetrix arrays and yielded 15,523 SNPs. The panel was grown under
the field conditions for three consecutive years: 2015, 2016 and 2017. ICP-OES (Inductively coupled plasma atomic
emission spectroscopy) was used to measure the concentration of six nutrient minerals in wheat grains including: Ca, K,
Mg, Mn, P, and S. Wide ranges of natural variation among the genotypes in nutrient minerals concentrations were de-
tected. The phenotypic correlation showed strong positive correlation among the nutrient minerals except K that showed
opposite correlation trends with other nutrient minerals. The genetic association analysis detected eighty-six significant
marker-trait associations (MTAs) underlying the natural variation in nutrient minerals concentration in grains. The ma-
jor MTA was detected on the long arm of chromosome 5A at 698,510,027 bp that showed a pleiotropic effect on Ca, K,
Mg, Mn, and S. Further significant MTAs were distributed among the whole genome except chromosomes 3D and 6D.
We identified putative candidate genes, which are potentially involved in metal uptake, transport, and assimilation.

TraesCS5A02G542600 gene at chromosome 5A (698,507,24—698,511,217 bp) annotated as transmembrane
transporter activity and belonging to major facilitator superfamily transporter is a putative candidate gene for Ca, K, Mg,
Mn, and S grain concentrations. The allelic variation at this gene showed that T allele increased the concentration of nu-
trient minerals in grain. This gene is highly expressed in seed coat followed by peduncle, awns, and lemma. Furthermore,
the genomic prediction findings indicated that genomic selection may be useful for the genetic improvement of nutrient
minerals accumulation in wheat. Our study provides crucial insights into the genetic basis of nutrient minerals varia-
tion in wheat and serves as an important foundation for boosting nutritional value and for further genetic and molecular
mechanisms studies controlling nutrient minerals accumulation in wheat grain.

Genome-wide analysis identified marker trait associations and candidate genes for drought stress
tolerance in spring wheat.

Wheat is one of the most important crops worldwide. However, the global climate change and increasing drought stress
incidences affected wheat production negatively. The response of 111 spring wheat genotypes to simulated drought stress
using chemical desiccation or under rain-out shelter drought were evaluated in order to study the genetic basis of drought
response. Analysis showed significant differences between genotypes, chemical desiccation showed strong impacts on
yield parameters, where the loss in 1,000-kernel weight reached 35—-72% whereas under a rain-out shelter it was 15%.
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A genome-wide association analysis revealed high number (263) of significant marker-trait associations (MTAs)

for all measured traits after chemical desiccation and under the rain-out shelter. MTAs involved in TKW harbored

the Sugar-Dependent6 gene. Same tolerant genotypes were identified under chemical desiccation and rain-out shelter

drought; showing that both approaches are suitable to simulate different drought scenarios.

Genetic dissection for seedling drought stress tolerance in a winter wheat panel.

The future productivity of wheat will be of utmost importance for global food security since it is the most widely grown
crop worldwide. Drought or water deficiency is a major yield-limiting factor causing losses of up to 80% of total yield.
Our aim was to identify QTL/loci influencing the drought tolerance at the seedling phase. A winter wheat population
constituted by 261 accessions was genotyped by 90K Illumina iSelect SNP and used for association mapping and to
detect candidate genes associated to drought tolerance-related traits. Plant material was grown at experimental fields of
the Leibniz Institute of Plant Genetics and Crop Plant Research in Gatersleben in three environments in 2016, 2017, and
2018. Seeds harvested at these three seasons were used for the experiments. The root length (RL), coleoptile length (CL),
shoot length (SL), and root/shoot length ratio (RSR) of ten seedlings per genotype under drought stress (12% PEG 6000)
and a control treatment (distilled water) were measured. A tolerance index (TI) was defined for RL, CL, SL, and RSR as
the ratio between the mean trait value obtained under stress and the corresponding trait value under control. Data analy-
sis revealed extensive phenotypic variation in all studied traits suggesting the suitability of the used panel for association
genetic studies. All variables analyzed were significantly influenced by the years, genotypes and G x Y (environment)
interactions (p<0.001). In general terms, drought stress induced by PEG reduced SL (-36.3%) and RL (-11.3%) com-
pared with control treatments, while, the CL was increased under drought conditions by 11%. A genome-wide association
analysis was performed using 17,093 SNPs passing quality control. FARM-CPU model using GAPIT R-package was ap-
plied to avoid any false-negative and control for the false-positive associations by preventing model overfitting. Results
revealed 80 stable QTL in at least two environments across 17 chromosomes. Furthermore, seven multi-traits-associated
SNPs were found in chromosomes 1B, 2A (2), 2B, 4B, 7A, and 7B. The identified candidates genes showed strong invol-
vement in controlling two or more traits related to drought stress tolerance during the seedling phase. Markers linked to
the loci obtained through this project could then be used for marker-assisted selection in wheat breeding programs and be
a source of drought tolerance in new genotypes.

QOTL analysis of yield and yield related traits in durum wheat recombinant-inbred line population
under irrigated and drought conditions in Pakistan.

Durum wheat is the hardest of all wheats. The density, high protein content, and gluten strength makes it an ideal choice
for producing quality products including bread, couscous, frekeh, bulgur, and pasta. Durum wheat global consump-

tion, however, is ahead of its production. Durum wheat is primarily grown under rain-fed conditions where the frequent
drought combined with heat stress is the major aspect of grain yield reduction. Breeding for resistance to drought is com-
plicated by the lack of fast, reproducible screening techniques and the inability to routinely create defined and repeatable
water stress conditions where large populations can be evaluated efficiently. In spite of the available maps, populations,
and marker technologies, progress in transferring knowledge from QTL studies on yield under drought conditions to
breeding remains slow. We undertook an investigation in durum wheat recombinant-inbred lines (RILs) population for
yield and yield related traits under drought and irrigated conditions at Nuclear Institute for Agriculture and Biology
(NIAB) in Pakistan. These RILs were developed from a cross between a drought tolerant cultivar Omrabi5 (P1) and a
high temperature and salinity tolerant breeding line Belikh2 (P2) at ICARDA, by repeated selfing of F, using single seed
descent. Moreover, the population was genotyped with 265 microsatellites comprising of 159 GWM, 62 BARC, and 44
WMC markers spanning a distance of 2,864 cM at IPK Gatersleben, Germany. Our analyses revealed following: a total
of 221 (160 with LOD > 2 < 3 and 61 with LOD > 3) QTL distributed on all 14 durum wheat chromosomes; from which
109 (78 with LOD > 2 < 3 and 31 with LOD > 3) were observed in season 1; 112 (82 with LOD > 2 < 3 and 30 with
LOD > 3) were observed in season 2; and a total of 53 clusters of QTL. The data provides a base line to improve drought
tolerance in durum wheat. For example, allelic profiles of yield QTL on chromosome 2A and 7B indicate that allele A of
Xgwmd895 and allele B of Xbarc276 can enhance the yield up to 6.16% in control and 5.27% under drought. Moreover, if
combined, a yield gain of up to 11% would be possible.
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Evaluation of ITMI mapping population lines and QTL mapping in spring bread wheat in the Middle
Vogla region environment.

During 2013-18 in the conditions of the Middle Volga region (Bezenchuk, Samara District, Russian Federation), 112
RILs of the ITMI mapping population were evaluated. The lines were characterized by the averaged biennial feature
values. QTL analysis was performed using the MAPMAKER/QTL computer program. The mapping data published in
the GrainGenes database (http://www.greengenes cit.cornell.edu) were used to recalculate distances on the map using
the MAPMAKER/EXP 3.0 program. The obtained phenotypic analysis data were integrated into the existing basemap
of chromosomes created for the ITMI population. Localization of QTL on the genetic map and the comparison of the
obtained linkage groups with the existing chromosome maps was performed using the QGENE computer program. Of
note, under the conditions of the Middle Volga region, on the basis of ecological and genetic tests, redefinition of genetic
formulas was shown for some quantitative traits, and molecular markers genetically linked to the identified QTL were
established. Based on the data obtained, a Catalog was published, which presents the results of genetic tests of the ITMI
mapping population under the conditions of Bezenchuk in Middle Vogla region environment (Gulaeva NV et al. 2020).
Information was gathered on the localization of the identified QTL on linkage groups; data on the influence of seed
reproduction on the manifestation of quantitative traits, but also the characteristics of the best lines of ITMI, are given
according to some features, which showed themselves in the conditions of Bezenchuk location. The results of one-way
analysis of variance for the year of research indicaties the reliability of the localization of the identified QTL and estab-
lishing the influence of the experiment setting factor on the variability of the studied traits, depending on the year of its
manifestation. The Catalog was compiled to help breeders and scientists to familiarize themselves with the diverse and
promising genetic and breeding material, as well as for scientific use of information on molecular genetic identification
and chromosomal localization. Genetic factors that determine the control of economically valuable traits in spring bread
wheat in the ecological and geographical conditions of the Middle Volga region of the Russian Federation were identi-
fied.
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