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Quantitative trait loci analysis for kernel length and width
in wheat ( Triticum aestivum L.)
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Abstract :[Objective] Kernel length and width in wheat are very important because of their rela-
tionship with yield and milling quality. [Method] Quantitative trait loci(QTL) analysis for kernel
length(LEN) and kernel width(WID) in wheat was conducted using a set of 115 recombinant inbred
lines(RILs) derived from a cross between the synthetic hexaploid wheat W7984 and the spring
wheat cultivar Opata 85. Synthetic W7984 has larger kernels, especially in length, compared to Opata
85. The stability of these QTLs was evaluated in two environments. [Result] Corresponding to ge-
nome-wide single marker regression analysis (P<C0. 01), five markers were linked to LEN QTL,
three markers were linked to WID QTL in two different environments. Based on composite interval
mapping(LOD>2. 5) ,two intervals with contributions of 20. 20% to 20. 81%,13.54% to 13.91%
were found to be linked to long LEN on chromosomes 5BL and 7DS in two different environments.
The LOD score was 4. 50 to 4. 55,2. 94 to 3. 20. One interval with contributions of 13. 71% to
19. 30% were found to be linked to wide WID on chromosomes 2BS. The LOD score was 2. 98 to
4.18. [Conclusion] The marker tam72c on 5B,bcd707 on 7D and closest cdo405b to ksuflla on 2B
identified in this study may prove useful for marker-assisted selection in LEN, WID and facilitate
molecular cloning of this gene for wheat kernel length and width.
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Kernel length and width determine wheat seed
size and appearance, and affect yield and milling
quality, and are therefore important agronomic
traits in wheat breeding. The market value of
wheat grain is determined by kernel morphology,
texture, test weight and others. In bread wheat,
which is used to manufacture different products re-
quiring specific grain characteristics, kernel shape
and uniformity influence its milling quality""’. Simi-
larly, kernel weight, a function of kernel size and
density, has a favourable effect on the agronomic
and flour yield of wheat"!,

Understanding the genetic basis of seed shape
and size could improve knowledge about the do-
mestication of cereals™ , humans tended to select
large seeds during the early domestication, as evi-
denced by the fact that most cultivated species have
larger seeds than their wild relatives. However,
small seed is usually favored by natural selection
because it is frequently associated with more seeds
per plant,early maturity,and wider geographic dis-
tribution. Therefore, from the standpoints of both
biological development and breeding.,it is necessary
to understand the genetic basis of wheat kernel
shape. In addition,larger kernels could have a good
effect on seedling vigor and consequently promote
yield increaset’. From the crop improvement per-
spective, Kernel size and shape are important for
their relationship with yield potential.

Kernel size is an important component of grain
yield and also has high phenotypic stability/herita-
bility"™ ,and the improvement of the trait as a com-
ponent of grain yield has been recommended™™.
However, phenotypic selection for grain weight is
laborious and time consuming,and there is usually
a compensation effect between seed size and seed
number-?, Experimental attempts to obtain yield
progress by simply selecting larger kernels in
wheat have been unsuccessful"**!,

Wheat kernel size,like most of the traits of bi-
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ological interest and agricultural importance, is a
complex character and is suggested to be quantita-
tive in naturet’'*’, In another set of studies, QTL
analyses for grain weight and other yield compo-
nent traits were conducted using molecular maps

J[6.11-12]

either for individual chromosomes or for the

whole genome !, Attempts were also made to u-

tilize advanced-backcross QTL (AB-QTL) analysis

016171 " and association

[18]

for the study of kernel size
mapping for the study of genetics of kernel size

Previous studies detected quantitative trait loci
(QTL) for kernel morphology on several wheat
chromosomes. In the population NY18 X Clark’ s
Cream, homoeologous group 3 was the most influ-

ential for kernel size!

J4in the bread wheat popula-
tion Chinese Spring X RS111,a QTL was found on
1A and other significant loci were detected on 1D,
2D and 6B, In another bread wheat population,
the most important QTL was detected on chromo-
some 2DM%,

In the present study,the kernel traits were an-
alysed in a different recombinant inbred line (RIL)
population, using polymerase chain reaction
(PCR)-based DNA markers,to find additional new

controlling kernel length and width.

1 Material and methods

1.1 Plant material

Analyses were performed on a population of
115 recombinant inbred lines (RILs) developed at
Cornell University. From a cross made at CIM-
MYT between the synthetic
W7984 (T. turgidum cultivar Altar 84 X Aegilops
tauschii Coss. LineWPI 219, also known as M6)
and the spring wheat cultivar Opata 85. W7984 has

hexaploid wheat

larger kernels, especially in length, compared with
Opata 85.

The population was grown at Ithaca, New
York (42.5°N,76. 5°W, 335 m above sea level) in
the spring of 2002 and 2006. The experiment was
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conducted in the field with two replicates in three
row plots, 2 M long, and a uniform spacing of 30
plants/row. Cropping conditions in the location
were suitable for full plant development and grain
filling.
1.2 Phenotypic data

The phenotypic measurement for each trait
was made in two sets of 30 grains, and the mean
values of two replicates obtained were used in this
study. Phenotyping for kernel length and width
was achieved by measuring the length and width of
grains with vernier calipers.
1.3 Genetic map

The W7984 X Opata map used in the analysis
included 394 loci, consisting of 292 RFLP (BCD,
CDO,KSU,MWG and others) ,94 SSR(GW3-1 and
IND109 come from rice), and 8 gene-specific hy-
probes ( GlulA, GlulB, GlulD,
pBS128a, pBS128b, Waxy, ATPasea, horl, 2c¢).

RFLP genotyping of the RILs was described else-
[20]

bridzation

. The linkage map was constructed with

MapManager QTXb20 " using the Kosambi map-

where

ping function and p-value 0. 01. Markers were se-
lected to minimize missing data (n>>60) ,avoid seg-
regation distortion and give even coverage of the
chromosomes as much as possible. The total map
length was 4 627 ¢cM. The 21 wheat chromosomes
were mapped with 10 to 26 markers per chromo-
some.
1.4 QTL analysis

QTL analysis involving detection of main
effect QTL was conducted following composite in-
terval mapping (CIM) using Cartographer v.
2. 502 Using model 6, stepwise selection of cofac-
tors with SLE = SLS=0. 01, window size 10 cM
and testing step 2 ¢cM. A threshold of LOD=2.5
was applied for declaring QTL by single-trait com-
posite interval mapping (ST-CIM).

2  Results

2.1 Phenotypic assessment of LEN and WID
The LEN (8. 159 0 mm in 2002 environment,

8. 217 0 mm in 2006 environment) and WID
(3.482 0 mm in 2002 environment, 3. 511 7 mm in
2006 environment) of the W9784 parent was signif-
icantly different (P<C0. 01) from Opata 85 (LEN
6.910 0 mm in 2002 environment, 7. 041 8§ mm in
2006 environment; WID 3. 065 0 mm in 2002 envi-
ronment, 3. 121 7 mm in 2006 environment) and
the LEN RILs ranged from 6. 728 6 mm to 8. 544 0
mm with a mean of 7. 606 3 mm in 2002 environ-
ment,from 6.678 1 to 8. 698 1 mm with a mean of
7. 759 3 mm in 2006 environment; WID RILs
ranged from 2. 968 1 mm to 3. 703 2 mm with a
mean of 3. 364 7 mm in 2002 environment, from
2.971 8 mm to 3. 710 8 mm with a mean of 3. 425 2
mm in 2006 environment. The values for LEN and
WID in the RILs population showed a continuous
distribution (Fig. 1), indicating the polygenic na-
ture of those traits.

2.2 Single marker analysis

The single marker analysis (SMA) of LEN
(2002) showed significant associations with 10
markers at 4 locations (2D,5B,6A and 7D) in par-
ticular,one marker in 2D, 3 markers in 5B,5 mark-
ers in 6A and one marker in 7D. In 2006 it showed
significant associations with 14 markers at 6 loca-
tions (1B, 5A,5B,6A,7A and 7D) in particular,
one marker in 1B, one marker in 5A,6 markers in
5B,4 markers in 6A,one marker in 7A and one in
7D. 6 markers were detected on chromosomes 5B,
6A and 7D for two environments. The markers
tam72¢c (P <C0. 001) on chromosomes 5B respec-
tively (Table 1).

The SMA of WID (2002) showed significant
associations with 7 markers at 5 locations (2B,2D,
4A,5D and 7A) in particular,3 markers in 2B, one
marker in 2D, one in 4A,one in 5D, one in 7A. In
2006 it showed significant associations with 9
markers at 5 locations (2B, 2D,5B,5D and 7B) in
particular, 2 markers in 2B, 2D, 5B and 5D, one
marker in 7B. 3 markers were detected on chromo-
somes 2B,2D and 5D for two environments, respec-
tively (Table 2).
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Fig.1 Histograms showing frequency distribution of LEN in 2002(a) , LEN in 2006(b) , WID in 2002 (c)
and WID in 2006(d) in an RIL population of W7984 X Opata 85
Table 1 F-value of markers association with QTL for LEN in the population of the cross M6 X Opata
Environment Chromosome Marker Likelihood ratio F-value
2D Cdo1379 7.666 7.790" "
5B Ksual 7.997 8.138"
5B Spr574 8. 968 9.164"*
5B Tam72c¢ 11. 996 12,425 "~
2002 6A Cdo388a 9.311 9.530" "
6A Gwmb570 7.053 7.147* %
6A Fbb070c 8.322 8.481"
6A Ksud276 7.960 8.099 " *
6A Gwm617 7.960 8.099" *
7D Bed707 7.678 7.802" %
1B Gwml140 9.025 9.225**
5A Abg391 8,150 8.298" *
5B Gwm371 9.120 9.326" "
5B Gwmb540 6.811 6.895"
5B Ksual 9.003 9.202* "
5B Psr574 10. 951 11. 289" *
2006 5B Tam72c 13. 757 14.360* * *
5B Cdo584 8. 581 8.754"
6A Gwm494 8.972 9.169"
6A Cdo29 11. 303 11.670* * *
6A Cdo388a 7.282 7.386" "
6A Gwmb570 8. 787 8.972"*
TA Cdo475b 7.386 7.495*
7D Bed707 8. 386 8.548" *

Note: Significance levels:

* x P<<0.01, * % % P<©0.001, ¥ * x % P<Z0.000 1.
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Table 2 F-value of markers association with QTL for WID in the population of the cross M6 X Opata

Environment Chromosome Marker Likelihood Ratio F-value
2B Mwg850 11. 296 11.663* "~
2B Cdo405b 16. 135 17.020% * *~*
2B Ksuflla 10. 104 10. 377

2002 2D Gwm261 7.089 7.185" "
4A Bed1975 7.499 7.614%~
5D Gwm190 11.034 11. 380" *
TA Fbb218 9. 897 10,155 *
2B Ksuflla 9.156 9.364" "
2B Ksuflle 8.474 8.641**
2D Gwm261 8.514 8.684" "
2D Bed611 9.813 10. 065" *

2006 5B Gwm443 14. 284 14.945* "~
5B Bed873a 11.677 12.076 7 *
5D Gwm190 7.431 7.543" "
5D Bed1874 7.688 7.813"* "
7B Gwm344 7.249 7.352*~

Note: Significance levels; ¥ % P<C0.01, * * x P<C0.001, * * x x P<(0.000 1.

2.3 Composite interval mapping

The experimentwise threshold for composite
interval mapping was established by carrying out
1 000 permutations at P<C0. 01, corresponding to
an average likelihood ratio of 11. 5 and a LOD >
2.5. Framework linkage maps were prepared for
chromosomes 2B, 5B and 7D, 5B and 7D carried
genes for kernel length, 2B carried genes for kernel
width as inferred from monosomic analysis. As
many as 21 loci were mapped on 2B with a total
length of 239. 5 cM, 22 loci were mapped on 5B
with a total length of 308. 1 c¢cM, 17 loci were
mapped on 7D with a total length of 235.4 cM.

The composite interval mapping analysis pro-
duced two QTLs significantly linked to long LEN
on chromosomes 5B and 7D with contributions of
20. 20%, 13. 91% in 2002 environment, the two
markers are tam72¢ in 5B and bcd707 in 7D. The
marker tam72c¢ also significantly linked to long
LEN with contribution of 20. 81% in 2006 environ-
ment. One QTL significantly linked to wide WID
on chromosomes 2B in two environments with con-
tributions of 13.71% to 19. 30% ,the closest mark-
er linked between cdo405b to ksuflla on chromo-

some 2B.

3  Discussion

Giura and Saulescu® reported the positive in-

fluence of chromosome 1B, 4A, and 4B on kernel

length. Campbell'" reported that QTLs for kernel
length were found on chromosome 1B, 2B, 2D, 3B
and 7B in a cross of soft X hard winter wheat. Bre-
seghello and Sorrells®®* found the RFLP locus
X psr574,0n 5B, which is a QTL for kernel length
in W7985 X Opata 85, and the SSR locus
Xwmcl50b,0on 5A, which were significantly associ-
ated with kernel length in their panel of cultivars.
An interesting observation in our study was the i-
dentification of new loci associated with kernel
length which have not been reported earlier-2D,
5B,6A and 7D. We identified one significant mark-
er tam72c¢ on chromosome 5B, which explained
20.20% to 20. 81% of the variance with a LOD=
4. 50 to 4.55 in two different environments; one
significant marker bcd707 on chromosome 7D, it
can explain 13.54% to 13. 91% of variance with a
LOD=2.94 to 3. 20 in two different environments.

Giura and Saulescu”! indicated that kernel
width in wheat was increased by chromosome 1A
and 1B; Dholakiat*® reported that only two mark-
ers, Xgwm?261 and UBC881600, were found to be
associated with kernel width on chromosome 2DL.
Campbell™ reported QTLs for kernel width were
located on chromosomes 1A, 2A, 2B, 2D and 3D.
This study,markers at 3 locations (2B,2D and 5D)
were found to be associated with kernel width in
two different environment, one QTL significantly
linked to wide WID on chromosomes 2BS, with
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contributions of 13. 71% to 19, 30% variance with
a LOD=2. 98 to 4. 18 in two different environ-
ments.

QTLs for kernel length and width were detec-
ted. Kernel morphology is likely to be influenced by
genes affecting plant growth and development.
Further analysis of this population in other envi-
larger population of

W7985 X Opata 85 RILs would allow us to localize

kernel QTLs with more accuracy. And then, these

ronments and use of a

markers can be used for further application in
wheat breeding.

Acknowledgements

we greatly appreciate Professor Susan R. McCouch and
Hui Jiang, Cornell University, for kindly providing us with
the SSR primers. And thanks also go to Jesse Munkvold,
James Tanaka, David Benscher and other members’ in our

Lab for their help and useful suggestions.

[References]

[1] Campbell K G,Bergman C J,Gualberto D G,et al. Quantitative
trait loci associated with kernel traits in a soft X hard wheat
cross [J]. Crop Sci,1999,39.:1184-1195.

[2] Chasten T G,Ward K J,Wysocki D J. Stand establishment re-
sponses of soft white winter wheat to seedbed residue and seed
size [J7. Crop Sci,1995,35.213-218.

[3] Peng J,Ronin Y, Fahima T, et al. Domestication quantitative
traits loci in Triticum dicoccoides the progenitor of wheat [J].
Proc Natl Acad Sci USA,2003,100:2489-2494.

[4] Botwright T L,Condon A G,Rebetzke G J,et al. Field evalua-
tion of early vigour for genetic improvement of grain yield in
wheat [J]. Aust ] Agric Res,2002,53:1137-1145.

[5] Rasyad A, Van Sanfold D A. Genetic and maternal variances
and covariances of kernel growth traits in winter wheat[]].
Crop Sci,1992,32:1139-1143.

[6] Kato K,Miura H,Sawada S. Mapping QTLs controlling grain
yield and its components on chromosome 5A of wheat []].
Theor Appl Genet,2000,101:1114-1121.

[7] Geritz S A H,Meijden E V D,Metz ] A J. Evolutionary dynam-
ics of seed size and seedling competitive ability [J]. Theor Pop
Biol,1999,55:324-343.

[8] Mallmann I L, Neto J F B, Carvalho F I F, et al. Selection
mechanisms applied to the kernel size in wheat segregant popu-
lation [ J]. Pesq Agropec Bras,1994,29.427-437.

[9] Wiersma J J,Busch R H, Fulcher G G,et al. Recurrent selec-
tion for kernel weight in spring wheat [ J]. Crop Sci,2001,41;
999-1005.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Varshney P K,Prasad M,Roy J K, et al. Identification of eight
chromosomes and a microsatellite marker on 1AS associated
with QTLs for grain weight in bread wheat [J]. Theor Appl
Genet,2000,100:1290-1294.

Araki E,Miura H, Sawada S. Identification of genetic loci af-
fecting amylose content and agronomic traits on chromosome
4A of wheat [J]. Theor Appl Genet,1999,98:977-984.
Campbell B T, Baenziger P S, Gill K S, et al. Identification of
QTLs and environmental interactions associated with agro-
nomic traits on chromosome 3A wheat [ J]. Crop Sci, 2003,
43:1493-1505.

Borner A,Schumann E, Fiirste A, et al. Mapping of quantita-
tive traits loci determining agronomic important characters in
hexaploid wheat ( Triticum aestivum 1..) [J]. Theor Appl
Genet,2002,105:921-936.

Groos C,Robert N, Bervas E, et al. Genetic analysis of grain
protein-content, grain yield and thousand-kernel weight in
bread wheat [J]. Theor Appl Genet,2003,106:1032-1040.
Marza F,Bai G H,Carver B F,et al. Quantitative trait loci for
yield and related traits in the wheat population Ning7840 X
Clark [J]. Theor Appl Genet,2005,112;688-698.

Huang X Q,Kempf H,Ganal M W, et al. Advanced backcross
QTL analysis in progenies derived from a cross between a
German elite winter wheat variety and synthetic wheat( Triti-
cum aestivum 1.. )[]J]. Theor Appl Genet,2003,109:933-943.
Narasimhamoorthy B, Gill B S, Fritz A K, et al. Advanced
backcross QTL analysis of a hard winter wheat X synthetic
wheat population [J]. Theor Appl Genet,2006,112,787-796.
Breseghello F, Sorrells M E. Association mapping of kernel
size and milling qualityin wheat ( Triticum aestivum L. ) culti-
vars [J]. Genetics,2005,177:1165-1177.

Dholakia B B, Ammiraju J S S, Singh H, et al. Molecular
marker analysis of kernel size and shape in bread wheat []].
Plant Breeding,2003,122:392-395.

Nelson J C, Sorrells M E, Van Deynze A E, et al. Molecular
mapping of wheat; major genes and Rearrangements in ho-
moeologous groups 4,5, and 7[]J]. Genetics, 1995, 141 721-
731.

Manly K F, Cudmore R H,Jane M M. Map manager QTX,
cross-platform software for genetic mapping [J]. Mammalian
Genome,2001,12:930-932.

Wang S, Basten C J,Zeng Z B. Windows QTL Cartographer
2.5 [CP]. Raleigh, NC:Department of Statistics, North Caro-
lina State University,2006.

Giura A, Saulescu N N. Chromosomal location of genes con-
trolling grain size in a large grained selection of wheat (Triti-
cum aestivum L. ) [J]. Euphytica,1996,89:77-80.
Breseghello F, Sorrells M E. Association mapping of kernel
size and milling quality in wheat (Triticum aestivum L.) cul-

tivars [ J]. Genetics,2006,172:1165-1177.



