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Abstract
In recent years, stripe rust has become an increasingly problematic disease

affecting wheat (Triticum aestivum L.). Although stripe rust resistance genes Yr28
and YrAS2388R have been successfully transferred from Aegilops tauschii Coss. to

hexaploid wheat, these genes have not been widely used for stripe rust resistance

breeding largely due to a lack of publicly available and well-adapted germplasm. Here

we describe U6719-004 (Entry 538 of D-genome nested association mapping popu-

lation, Reg. No. MP-14, NSL 536301 MAP), a hexaploid wheat germplasm carrying

YrAS2388R stripe rust resistance derived from Ae. tauschii accession TA1718 that

is well adapted to U.S. wheat production environments. U6719-004 (KS05HW14-

3/3/KS05HW14-3/TA1718//KS05HW14-3) was developed using a combination of

direct hybridization of TA1718 with the hard white winter wheat line KS05HW14-3

followed by two rounds of backcrossing and three generations of single seed descent.

U6719-004 stripe rust resistance was characterized under controlled and natural con-

ditions. Using gene-based markers, TA1718 and U6719-004 were confirmed to be

YrAS2388R carriers. Grain yield for U6719-004 was evaluated in 11 year-by-location

Abbreviations: CAPS, cleaved amplified polymorphic sequence; DNAM, D-genome nested association mapping population; GM, gene-derived; IT,

infection type; NLGRP, National Laboratory for Genetic Resources Preservation; PCR, polymerase chain reaction; PM, promoter-derived marker; Pst,
Puccinia striiformis f. sp. tritici; TM, terminator-derived marker.
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2 LOPEZ ET AL.

environments across the United States. Grain quality parameters were measured

in four year-by-location environments. Compared with the recurrent wheat parent

KS05HW14-3 and locally adapted check cultivars, the Ae. tauschii introgression had

little to no impact on U6719-004 grain yield or quality. The availability of U6719-004

will enable the use of YrAS2388R for stripe rust resistance breeding efforts.

1 INTRODUCTION

Stripe (yellow) rust [caused by Puccinia striiformis Westend.

f. sp. tritici Eriks. (Pst)] has become one of the most prob-

lematic diseases affecting wheat (Triticum aestivum L.) and

is responsible for the global loss of 5 million tons of wheat

annually (Schwessinger, 2017). In the last 50 yr, Pst viru-

lence and race diversity has gradually increased (Liu et al.,

2017). Starting around the year 2000, an unprecedented rise in

Pst virulence and disease severity was observed in the United

States, Australia, and Europe (Hubbard et al., 2015). This

recent trend is especially concerning in the eastern U.S. soft

wheat region where stripe rust has not been problematic in the

past and many commercial wheat cultivars are Pst susceptible

(Hughes, 2016). Additionally, a recent report by Mueller et al.

(2020) indicated that Pst is capable of overwintering on win-

ter wheat grown in the northern Midwest state of Wisconsin.

Further, due to recent stripe rust epidemics, wheat breeders

are rapidly searching for new and effective sources of genetic

resistance.

There is a long tradition of using wild wheat relatives,

including the diploid D genome progenitor species Aegilops
tauschii Coss., as a source of for novel disease and arthro-

pod resistance genes. Although numerous attempts have been

made to transfer stripe rust resistance from Ae. tauschii to

hexaploid wheat, only two genes, Yr28 and YrAS2388R, have

been successfully transferred and mapped in wheat. Both Yr28
and YrAS2388R map to a similar region on chromosome 4DS

(Huang et al., 2011; Singh et al., 2000). Although not yet con-

firmed, it has been hypothesized that Yr28 and YrAS2388R are

allelic (Liu et al., 2013). Recently, using synthetic and trans-

genic wheat lines, YrAS2388R was successfully cloned and

verified to confer stripe rust resistance in wheat (Zhang et al.,

2019). In addition to characterizing YrAS2388R, Zhang et al.

(2019) developed gene-specific sequence tag site and cleaved

amplified polymorphic sequence (CAPS) markers for geno-

typing. Aside from Yr28 and YrAS2388R, other attempts to

transfer stripe rust resistance from Ae. tauschii to wheat were

less successful due to gene suppression in hexaploid genomic

backgrounds (Chen et al., 2013; Ma et al., 1995; Yang et al.,

2003).

Here we describe the development of U6719-004 (Entry

538 of D-genome nested association mapping [DNAM],

Reg. No. MP-14, NSL 536301 MAP), a stripe rust–resistant

wheat germplasm with the YrAS2388R introgression from

Ae. tauschii and acceptable agronomic performance and

grain quality. U6719-004 is a member of the DNAM pop-

ulation released by Strauss et al. (2020). U6719-004 is a

BC2F–derived wheat introgression line developed by direct

hybridization and backcrossing of the stripe rust–resistant Ae.
tauschii accession TA1718 and the susceptible wheat line

KS05HW14-3. The objectives of this study were (a) to char-

acterize seedling and adult plant stripe rust resistance, (b) to

confirm the presence of YrAS2388R using diagnostic markers,

and (c) to evaluate grain yield and grain quality.

2 METHODS

2.1 Plant materials

The YrAS2388R donor, Ae. tauschii accession TA1718, was

originally collected in Markazi, Iran (34.0000, 50.8167;

580 m asl) and is currently maintained by the Wheat

Genetic and Genomic Resource Center (WGGRC) in Man-

hattan, KS (www.k-state.edu/wgrc/). TA1718 was hybridized

directly with the hard white winter wheat line KS05HW14-

3 (KS98HW452/CO960293//KS920709B-5-2) released as a

wheat germplasm by the Kansas Agricultural Experiment Sta-

tion. Direct hybridization activities and development of segre-

gating backcross populations were carried out at the WGGRC

and the USDA-ARS Hard Winter Wheat Genetics Research

Unit in Manhattan, KS. Interspecific F1 embryos were rescued

on growth media following the method described by Olson

et al. (2013). Recovered F1 plants were used as females in an

initial backcross to the recurrent wheat parent KS05HW14-

3. A single BC1F1 plant was recovered and backcrossed

to KS05HW14-3 as the male parent and designated U6719

(KS05HW14-3/3/KS05HW14-3/TA1718//KS05HW14-3). A

total of 14 BC2F1 plants belonging to the U6719 family were

advanced by single-seed-descent to the BC2F4 generation

when the seed from a single plant was harvested and increased

in subsequent generations to produce BC2F4–derived lines

(Strauss et al., 2020). Based on stripe rust disease screen-

ing, of the 14 lines belonging to the U6719 family, two lines

were fixed for resistance (U6719-004 and U6719-008), and

one line was segregating for resistance (U6719-020). U6719-

004 is a member of the D-genome nested association mapping
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LOPEZ ET AL. 3

(DNAM) population released by Strauss et al. (2020) and was

yield tested in several locations throughout the United States.

2.2 Seedling stripe rust evaluation

Seedling stripe rust phenotyping of U6719-004 and the recur-

rent parent KS05HW14-3 was done in the growth chamber

facility at Michigan State University. One 9 cm by 9 cm

pot of 12 seedlings was evaluated for each genotype. The

Pst urediniospores used were isolated from naturally occur-

ring infections in Michigan and confirmed to be race Pstv-37
based on reactions to a set of single-gene differential wheat

lines (Wan & Chen, 2014). Following a 5-min heat-shock at

45 ˚C, urediniospores were suspended in Soltrol 170 isoparaf-

fin oil (Chevron Philips Chemical Co. LP) and sprayed onto

seedlings at the two-leaf stage using an airbrush. Plants were

then incubated in a dew chamber at 14 ˚C and 100% relative

humidity for 18 h. After incubation, plants were transferred

back to a growth chamber and held at 14 ˚C. Seedling infec-

tion type (IT) was recorded at 18 d after inoculation using

a scale of 0–9 described previously (Wan & Chen, 2014),

where plants rated 0–5 are considered resistant and 6–9 are

considered susceptible.

2.3 Adult plant stripe rust evaluation

Adult plant stripe rust phenotyping of U6719-004 and the

recurrent parent KS05HW14-3 was done at six locations

across the United States in 2016. All the locations included

in this study experienced elevated levels of stripe rust in 2016

due to a mild winter followed by a cool spring, which led

to early and severe onset of disease. None of the trial loca-

tions was sprayed with fungicide. Each location was naturally

infected by Pst races present in the region at that time. Four

of the six locations were planted as yield trials: Brookings,

SD; Hays, KS; Pullman, WA; and Richville, MI. At each trial

location, U6719-004 was planted in single replicate plots in an

augmented design containing six incomplete blocks. Locally

adapted check cultivars and the recurrent parent KS05HW14-

3 were replicated in each block and used for block adjustments

of Pst severity. Flag leaf severity was rated at all locations as

the percentage (0–100%) of flag leaf area covered with Pst
urediniospores (Peterson et al., 1948). Infection type (0–9)

was rated on at least five flag leaves of U6719-004 within one

plot at each location (Wan & Chen, 2014), and a single IT was

recorded for each plot. Infection type is presented separately

for each location (Table 1). Infection type of KS05HW14-3

was evaluated on up to four plots at each location on at least

five flag leaves in each plot. The arithmetic mean IT from at

least four plots is presented at each location for KS05HW14-

3 (Table 1). The Pst evaluations in Central Ferry, WA, were

Core Ideas
∙ The hexaploid wheat germplasm U6719-004 car-

ries stripe rust resistance gene YrAS2388R.

∙ U6719-004 is broadly adapted to wheat production

environments of the United States.

∙ U6719-004 has acceptable grain yield and grain

quality.

in one single row observation plot, and evaluations in Fayet-

teville, AR, were in four replicates of single observation rows.

Severity and IT from observation rows are presented as single

observations or means of four replicates (Table 1).

2.4 Genotyping

Molecular confirmation of YrAS2388R was done using three

gene-specific markers developed by Zhang et al. (2019).

Two markers (promoter-derived [PM] and terminator-derived

[TM]), are dominant sequence tag site markers that produce

polymerase chain reaction (PCR) amplicons in lines with

YrAS2388R. The third marker, gene-derived (GM), is a co-

dominant CAPS marker that produces PCR amplicons of

differing lengths when digested with a restriction enzyme.

DNA was isolated from each line using Mag-Bind Plant DNA

Plus 96 Kit (M1128, Omega Bio-Tek) on a King Fisher Flex

(Thermo Scientific) following the manufacturer’s protocol.

The PCR protocol for PM and GM was as follows: 95 ˚C

(5 min) followed by 35 cycles of 95 ˚C (45 s), 59 ˚C (45 s),

7 ˚C (90 s). The PCR protocol for TM is identical with an

annealing temperature of 60 ˚C. All PCR products were sep-

arated on a 2% agarose gel via electrophoresis and stained

with ethidium bromide. Polymerase chain reaction products

of GM were imaged after HaeIII digestion (Figure 1b). The

PCR products of PM and TM were directly imaged on agarose

gels (Figure 1a,c). Samples consisted of KS05HW14-3

(susceptible recurrent parent), ‘Ambassador’ (PI 656845)

(Lewis et al., 2010), TA1718 (resistance donor), U61719-004,

and a no-template control. Ambassador and KS05HW14-3

were included as negative controls and TA1718 as a positive

control.

2.5 Yield testing

Yield testing of U6719-004, KS05HW14-3, and locally

adapted check cultivars was conducted at 10 year-by-location

environments. Lines were tested in two consecutive years

(2015 and 2016) at Richville, MI; Manhattan, KS; and Hays,
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4 LOPEZ ET AL.

T A B L E 1 Seedling and adult Pst infection type (IT) and severity on wheat lines KS05HW14-3 and U6719-004

Location Year
Growth
stage

KS05HW14-3a U6719-004b

IT Severity IT Severity
0–9 % 0–9 %

Growth chamber (race Pstv-37) 2015 seedling 8 – 3 –

Brookings, SD (yield trial) 2016 adult – 41 – 16

Central Ferry, WA (single row) 2016 adult 7 73 5 30

Fayetteville, AR (single row) 2016 adult – 59 – 7a

Hays, KS (yield trial) 2016 adult 9 74 3 10

Pullman, WA (yield trial) 2016 adult 8 48 5 30

Richville, MI (yield trial) 2016 adult 7 32 3 10

aInfection type and severity for KS05HW14 at yield trial locations are the arithmetic mean of observations made on replicate plots at each location.
bInfection type and severity for U6719-004 are observations of individual growth chamber pots or field plots.

F I G U R E 1 Gel images from promoter-derived (PM),

gene-derived (GM), and terminator-derived (TM) markers. The

susceptible parent KS05HW14-3 and check cultivar Ambassador were

used as negative controls. The resistant parent TA1718 was used as a

positive control. Results from (a) PM marker, (b) GM marker

post-HaeIII digestion, and (c) TM marker. Red arrow points to faint

bands from TA1718 and U6719-004 at ∼1,000 bp

KS. The remaining locations (Brookings, SD; Champaign, IL;

Marianna, AR; and Pullman, WA) were only tested once in

2016. At each trial location, U6719-004 was planted in single

replicate plots in an augmented design containing six incom-

plete blocks. Locally adapted check cultivars and the recurrent

parent KS05HW14-3 were replicated at least twice in each

block and used for yield comparisons and block adjustments.

The nine locally adapted check cultivars included ‘Everest’

(PI 659807), ‘Lyman’ (PI 658067), IL07-19334, ‘Ernie’ (PI

584525) (McKendry et al., 1995), ‘Joe’ (PI 676270) (Zhang

et al., 2016), AR11LE24 (PI 678970) (Mason et al., 2018),

‘Jasper’ (PI 678442) (Carter et al., 2017), ‘AC Mountain’

(SeCan), and Ambassador. A mixed linear model including

genotype as a fixed effect and block as a random effect was

used to calculate grain yield least squares means and 95%

confidence intervals and to generate p values for pairwise

comparisons using R version 3.2.1 (R Core Team, 2019) and

the packages lme4 v.1.1-12 (Bates et al., 2015) and lsmeans

v.2.25-5 (Lenth, 2016).

2.6 Grain quality evaluation

Grain quality parameters were measured for samples of

U6719-004, KS05HW14-3, and locally adapted check cul-

tivars from Richville, MI, and Manhattan, KS (2015 and

2016). Grain quality testing was done on 80-g samples of

grain at the USDA-ARS Soft Wheat Quality Laboratory in

Wooster, OH. All quality parameters were measured using

standardized protocols. Moisture concentration was measured

using Perten NIR DA7200 whole grain analyzer. Test weight

was measured with the modified Approved method 55-10

(AACC International, 2010). Kernel harness was measured

using the single-kernel characterization system (model 4100,

Perten Instruments North America, Inc.) following Approved

Method 55-31.01 (AACC International, 2010). Kernel pro-

tein concentration was also measured with the Perten NIR

DA7200 whole grain analyzer and reported as grams of

protein per kilogram of grain (g kg−1). Wheat grain was

tempered to 15% moisture for 24 h and milled using the

modified Quadrumat Senior milling system (C.W. Brabender
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LOPEZ ET AL. 5

Instruments Inc.) according to the procedure by Finney and

Andrews (1986) at a controlled temperature of 21 ˚C and rel-

ative humidity of 55–60%. Tempered grain was fed into the

Quadrumat break roll unit. Milled products were recovered for

sifting on a sifter box (Great Western Manufacturing Co. Inc.)

with screens of 471- and 180-μm openings and separated into

bran, middlings, and break flour. Flour yield was determined

as grams total flour weight (break flour + middlings) per 100

g of tempered grain weight (g 100 g−1). Softness equivalence

was grams of break flour per 100 g of flour (g 100 g−1). Mid-

dlings was further passed through the Quadrumat reduction

roll unit to obtain shorts and reduction flour. The milled frac-

tion was sifted on an 84-mesh screen (213-μm openings) to

yield shorts and reduction flour. Break and reduction flours

were combined and blended to produce straight grade flour.

A mixed linear model including genotype as a fixed effect

and block as a random effect were used to calculate least

square means of quality parameters and to generate p values

for pairwise comparisons using R version 3.2.1 (R Core Team,

2019) and the packages lme4 v.1.1-12 (Bates et al., 2015) and

lsmeans v.2.25-5 (Lenth, 2016).

3 CHARACTERISTICS

3.1 Identification of U6719-004 seedling
stripe rust resistance

A small population of BC2F4–derived wheat introgression

lines, designated as U6719 (n = 14), was developed from the

direct hybridization of the stripe rust–resistant Ae. tauschii
accession TA1718 and susceptible wheat line KS05HW14-3

(Strauss et al., 2020). To determine if resistance from TA1718

was successfully transferred and expressed in a hexaploid

wheat background, U6719 wheat introgression lines were

screened for seedling Pst resistance (six replicates per line).

Of the 14 lines tested, two lines were fixed for resistance

(U6719-004 and U6719-008) and one line was segregating for

resistance (U6719-020). Plants considered resistant expressed

a seedling IT of 3 to Pstv-37 and plants considered susceptible

expressed a seedling IT of 8 (Table 1).

3.2 Characterizing U6719-004 adult plant
stripe rust resistance

Of the two lines fixed for seedling stripe rust resistance,

U6719-004 was a member of the DNAM-core set and was

grown in multi-state yield trials and observation nurseries in

2016. In 2016, naturally occurring stripe rust was observed

in six geographically diverse locations where U6719-004 was

tested: Brookings, SD; Central Ferry, WA; Pullman, WA;

Fayetteville, AR; Hays, KS; and Richville, MI. In each envi-

ronment where resistance to Pst was evaluated, U6719-004

expressed adult plant resistance and had consistently lower

IT and flag leaf severity compared with the recurrent parent

KS05HW14-3 (Table 1). In two locations where adult plant IT

was recorded, U6719-004 was rated as a 3, and in two loca-

tions U6719-004 was rated as a 5. Variation in IT and severity

scores between locations may be accounted for by differences

in Pst race profiles and inoculum levels at a given location

(Chen, 2016).

3.3 YrAS2388R genotypic confirmation

Given that there are only two well-documented cases of suc-

cessful stripe rust resistance gene introgression from Ae.
tauschii to hexaploid wheat, Yr28 and YrAS2388R, both

located on chromosome 4DS (Liu et al., 2013), we con-

sidered it possible that the same gene was responsible for

resistance in U6719-004. To test this hypothesis, we used

three gene-based markers, developed by Zhang et al. (2019),

to verify that YrAS2388R was present in both the diploid Ae.
tauschii resistance donor TA1718 and the hexaploid intro-

gression line U6719-004. Polymerase chain reaction and gel

electrophoresis supported our hypothesis that both TA1718

and U6719-004 carry the YrAS2388R allele (Figure 1). The

promoter-derived marker (PM) produced an ∼800 bp PCR

amplicon for TA1718 and U6719-004, whereas no amplicon

was produced for KS05HW14-3 or Ambassador. Following

HaeIII digestion, the gene-derived CAPS marker (GM) pro-

duced a ∼400 bp PCR amplicon for TA1718 and U6719-004

and a ∼250 bp amplicon for KS05HW14-3 and Ambas-

sador. The terminator-derived marker (TM) produced a faint

∼1,000 bp PCR amplicon for TA1718 and U6719-004, and no

amplicon was produced for KS05HW14-3 or Ambassador.

3.4 Yield testing of U6719-004

U6719-004 was yield tested in 11 year-by-location environ-

ments between 2015 and 2017. Yield trial locations spanned

winter wheat production regions across the United States,

including Manhattan and Hays, KS; Brookings, SD; Cham-

paign, IL; Marianna, AR; Pullman, WA; and Richville, MI.

U6719-004 exhibited strong yield performance relative to

the recurrent wheat parent KS05HW14-3 (Table 2). In 6

out of 11 environments, U6719-004 had higher yield com-

pared with KS05HW14-3. In four environments, U6719-004

demonstrated higher grain yield than locally adapted check

cultivars, although it is likely that Pst resistance in U6719-

004 may have contributed to higher yield performance in

environments where stripe rust was severe.
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6 LOPEZ ET AL.

T A B L E 2 Grain yield least squares means of locally adapted check cultivars KS05HW14-3 and U6719-004 in 11 diverse environments

throughout the United States

Locally adapted check varieties KS05HW14-3 U6719-004

Location Year Name Grain yield 95% CI
Grain
yield 95% CI

Grain yield
(% KS05HW14-3)

t ha−1

Manhattan, KS 2015 Everest 4.64 4.45–4.82 4.66 4.41–4.89 4.99 (107)

Manhattan, KS 2016 Everest 4.85 4.65–5.05 4.20 4.11–4.30 4.01 (95)

Brookings, SD 2016 Lyman 3.60 3.30–3.90 3.30 3.17–3.44 5.39 (163)

Champaign, IL 2016 IL07-19334 7.85 7.47–8.22 5.67 5.50–5.85 4.57 (81)

Hays, KS 2015 Ernie 2.73 2.34–3.12 3.22 3.05–3.40 4.02 (125)

Hays, KS 2016 Joe 6.76 6.65–6.87 3.61 3.56–3.66 4.69 (130)

Marianna, AR 2016 AR11LE24 4.12 3.86–4.39 2.73 2.60–2.85 2.86 (105)

Pullman, WA 2016 Jasper 9.06 8.75–9.37 4.45 4.31–4.59 4.08 (92)

Richville, MI 2015 AC Mountain 5.18 5.09–5.26 4.95 4.76–5.15 4.48 (91)

Richville, MI 2016 Ambassador 5.63 5.31–5.95 5.31 5.15–5.46 6.13 (115)

Grain yield for U6719-004 is not significantly different from the recurrent parent, KS05HW14-3 and the local check. CI, confidence interval.

T A B L E 3 Mean grain quality parameters in Manhattan, KS, and Richville, MI, during the 2015 and 2016 growing seasons

Manhattan, KS Richville, MI

Grain quality parameters Everest KS05HW14-3
U6719-004
(% KS05HW14-3) Ambassador KS05HW14-3

U6719-004
(% KS05HW14-3)

Test weight, kg hl−1 75.2 75.1 75.1 (100) 74.7 80.3 79.9 (99)

Kernel protein, g kg−1 134 133 136 (102) 101 113 115 (102)

SKCSa kernel hardness (–) 59.4 64.2* 59.9 (93) 7.6* 64.1 61.7 (96)

Kernel diameter, mm 2.7 2.7 2.7 (100) 2.8 2.8 2.8 (100)

Kernel weight, mg 30.8 30.0 30.0 (100) 40.6** 34.7 34.4 (99)

Flour yield, g 100 g−1 69.1 68.8 68.9 (100) 71.4* 70.1 71.0 (101)

Softness equivalence, g 100 g−1 43.6** 41.3 41.5 (100) 56.9 41.6 42.1 (101)

Note. Locally adapted check cultivars Everest and Ambassador were included as hard- and soft-winter wheat references, respectively. Unless noted, U6719-004 is not

significantly different from the recurrent parent, KS05HW14-3 and the local check for grain quality parameters.
aSingle-kernel characterization system.

*Significant at the .05 probability level. **Significant at the .01 probability level.

3.5 Characterizing grain quality of
U6719-004

Grain quality characteristics of U6719-004 were compared

with KS05HW14-3 in two locations (Manhattan, KS, and

Richville, MI) and across 2 yr (2015 and 2016). In Manhat-

tan, KS, Everest was used as a local check, and in Richville,

MI, Ambassador was used as a local check. Seven grain

quality parameters were measured, including test weight, pro-

tein concentration, kernel hardness, kernel diameter, kernel

weight, flour yield, and softness equivalence. Based on mean

grain quality parameters across years, U6719-004 did not dif-

fer substantially from the recurrent parent KS05HW14-3 or

Everest (another hard wheat cultivar developed in Kansas)

with the exception of kernel hardness (Table 3). Compared

with the soft white winter wheat Ambassador, U6719-004 had

higher single-kernel characterization system kernel hardness

(61.7 vs. 7.6) and lower softness equivalence (42.1 vs 56.9 g

100 g−1). Other grain quality parameters were similar between

U6719-004 and Ambassador.

4 CONCLUSIONS

U6719-004 is the first publicly available wheat line fixed

for the stripe rust resistance gene YrAS2388R. Stripe rust

resistance was expressed in seedling assays under controlled

conditions and in adult plants under highly variable field con-

ditions. Based on yield trial data and grain quality evaluation,

U6719-004 will be a valuable resource for ongoing stripe rust

resistance breeding and could be used for future allelism tests

with Yr28 or as a single-gene differential line for YrAS2388R.
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AVAILABILITY

Small quantities of unrestricted seed are available immedi-

ately for distribution. Written requests should be submitted

to Dr. Eric L. Olson at Michigan State University, East Lans-

ing, MI. Five years from the publication date, the National

Small Grains Collection (USDA-ARS) in Aberdeen, ID, will

be responsible for continued organization and maintenance

of seed stocks. Seed has also been deposited in the USDA-

ARS National Laboratory for Genetic Resources Preservation

(NLGRP) in Fort Collins, CO. It is requested that appro-

priate recognition be made if this germplasm contributes to

the development of new breeding lines or cultivars or if this

germplasm leads to new scientific discoveries.
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