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ABSTRACT

Sixty-six recombinant inbred lines derived from the cross berween
Triticum aestivum c.v. Chinese spring and Triticum spelta var duhamelignum
developed at Kihara Institute for Biological Research, Japan, were evaluated at
Assiut, Egypt for important QTLs for some agronomic traits. Twenty-one QTLs
have been detected for heading date, plant height, spike length, number of spikes,
spike weight and grain yield/plant. QTLs were distributed on ten chromosomes
of IA, 2B, 2D, 34, 44, 54, 5D, 74, 7B and 7D. Many of those QTLs were not
consistent with those detected at Yokohama, Japan. The QTLs in 2D
chromosome were uniquely associated with yield and yield components and offer
the greatest potential for marker-assisted selection, in breeding for wheat
improvement.

Key words: QTL, Hexaploid wheat, Environment
INTRODUCTION

Wheat is one of the most important food crops in the world. Most
agronomically important traits of wheat are controlled by many genes and
are highly affected by the environment. The genetic basis of grain yield and
related agronomic traits was first establisher in 1980s by using molecular
markers to construct genetic linkage maps in segregating populations such
as F2, RILs, double haploid ...... etc (Tanksley et af 1982, Edwards et af
1987, Lander and Botstein 1989 and Stuber ef ol 1987).

The QTL (Quantitative Trait Loci) analysis is the system which can
find the association between the agronomic data collected from the
experimental field and segregation of the molecular markers in a genetic
linkage map. Thus QTL analysis allows a better understanding of complex
agronomic traits by identifying and measuring the relative impact of alleles
at a mapped chromosomal regions.

Marker Assisted Selection (MAS) is a wonderful application
utilizing QTL analysis to increase breeding efficiency (Dudley 1993).
Usually, plant breeders give much care about the stability of their improved



lines across different environments. Eberhart and Russell (1966) studied the
concept of stability analysis to select environmentally stable lines with high
agronomic¢ performance. Recently, plant breeders attempt to select
environmentally stable lines as new cultivars released by utilizing MAS. In
such cases, it is important to study QTL X environment interaction by
comparing QTLs detected in different envircaments. Seciection of
environmentally stable QTLs to identify and select certain QTLs for using
them in MAS. The stability of lines within a mapping population has been
studicd statistically by separating and comparing lines based on marker
(QTL) genotype (Lin et al 1986 and Kang 1993). Tinker et a/ (1996) were
able to detect considerable QTIs x environment interaction for seven
agronoinic traits in two barlev crosses. They found that many of the detected
QTLs were highly consistent across environments. Yan ef a/ (1999) could
detect significant QTL x environment interaction associated with common
QTLs for piant type traits in a doubled haploid (DH) rice population in two
different environments. QTLs for yield and vield components of wheat had
been studied in 2 range of environments including d:fferent types of stresses
(Quarrie ef al 2005).

The objective of the present study was to compare the QTLs
detected under Egypt environment for some agronomic traits with thosc
previously detected in Japan using same series of RILs population (Ahmed
et al 2000a, b).

MATERIALS AND METHODS
Plant materials

Sixty six recombinant inbred lines (RILs) derived from the cross
between Triticum aestivum c.v. Chinese spring (CS) and Triticum spelta var
duhamelianum (Sp) were developed at Kihara Institute for Biological
Research, Yokohama City University, Japan. RILs were grown in the
experimental farm of the Faculty of Agriculture, Assiut University, Assiut,
Eevpt In a randomized complete block design (RCBDM with two rontications
for two successive seasons 2003/20604 and 2004/2005. Genotypes were
sown on 25 Nov., and 29 Nov.. in 2003/2004 and 2004/2005, respectively.
Plot size was 5 m”. All agricultural practices were done according to the
recommendations of wheat production in Egypt.

Five plants per replication were used to measure the following traits:
heading date (HD), recorded as the number of days from planting date till
spikes were fully emerged from 50 % of the plants in a plot, plant height
(PH), measured from ground level to the tip of the tallest three tillers (cm),

278



spike length (SL), length of three tallest spikes of each plant, spikes number
(SN), number of spikes were counted for each plant, spike weight (SW),
weight of total spikes of each plant (g) and grain yield/plant (GY), the
weight of grain harvested (g). Analysis of variance (ANOVA) for each
character was carried out and estimates of genotvpic and phenotypic
variances were computed from the expected mean squares.

Molecular marker and QTL analysis

Details of the DNA probes used in this study as well as the
techniques for DNA extraction, digestion, electrophoresis, plotting and
southern hybridization were previously described by Ahmed er al (2000a).
Linkage analysis oi tiie loci was performed using the computer software,
MAPMAKER ver. 2.0 of Macintosh (L.ander et al 1987). The mapping
function of Kosambi (Kosambi 1944) was used to calculate map distance.

QTL analysis

The QTL analysis was performed as a single marker analysis using
Q gene computer software (Nelson 1997) using average mean of the two
growing seasons. This program was used to determine the association
between individual marker loci and putative QTLs by using individual
marker-genotype groups as class variables for the detection of linkage
between markers and putative QTLs. Whznever the F-test exceeded a value
necessary for probability value less than 0.02, the QTLs were considered to
be significant. This significance level was chosen to maximize the
identification of putative QTLs. The phenotypic effect was calculated as the
difference between the class means of CS and Sp.

RESULTS AND DISCUSSION
Phenotypic variation of the RILs under Assivt environment

Significant differences were observed among the recombinant inbred
lines for all studied traits (Table 1).

Table 1. Analysis of variance for the studied traits in RILs at Assiut, Egypt.

Mean squares
S PH SL SN SW GY
Year 1 10360.4%* | 9358.8** | 91.6** 1162.4 7117.6 1309.5
Rep/year 2 1.51 8.22 0.03 95.6 1591.7 209.4
Lines 67 | 288.1*% | 1024.5%* | 42.9** | 1143.1%* | 7356.4** | 3022.4**
Line x year | 67 1.98 2.66 0.10 2.87 16.44 7.84
error 134 2.36 27.80 0.69 11.99 125.2 32.2

The abbreviations of characters are the same as those indicated in materials and
methods. **, highly significant at the 1 % level.
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The grand mean of RILs was lower than the means of both parents
for heading date and spike length, and higher for plant height. Means of
number of spikes, spike weight and grain yield exceeded CS parent but were
lower than Sp parent (Table 2 and Fig. 1).

Table 2. Mean, genotypic, and phenotypic variance of the studied traits in the RIL
population.

Trait [ wp [ pH | sL | SN | sw | @Gy

Mean

RIL 122.2 117.4 11.6 40.3 98.8 41.9
Ccs 124.9 112.8 13.8 29.7 83.6 31.9
Sp 1458 99.0 15.4 46.2 110.0 47.9
Variance

52(; 71.5 2555 10.7 285.1 18349 753.6
325 24 27.8 0.7 i1.9 125.2 32.2
52? 73.9 283.3 11.4 297.1 1960.2 785.8

The abbreviations of characters are the same as those indicated in materials and
methods.

The genotypic variance for all the studied traits was higher than that
of environmental variance. Pooled phenotypic correlations were calculated
to identify associations among all studied traits. As expected, grain yield
had high positive correlation with number of spikes and spike weight but
negative correlation with heading date. Hence earlier headed plants tended
to have higher grain yield and yield components such as number of spikes
and spike weight. Plant height and spike length showed low positive
correlations with grain yield. The high correlations of grain yield, number
of spikes and spike weight indicate either pleiotropy of common controlling
genes or linkage of genes controiling these traits (Table 3). ‘

Table 3. Correlation coefficient among studied traits in the RIL population.

Trait HD PH SL SN SW
PH -0.208

SL 0.174 0.424"

SN -0.045 0.104 0.095

SW -0.127 0.150 0.064 0.903™

GY -0.222 0.094 0.026 0.729" 0.865"

The abbreviations of characters are the same as those indicated in materials and
methods.
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Fig. 1: Distribution of studied traits in recombinant inbred lines.



Quantitative trait loci detection

All putative QTLs are presented in Table (4) and the location of the
QTLs on the genetic map in Fig. 2. A total of twenty-one QTLs were
identified for the studied traits on the homologous groups 1, 2, 3, 4, 5 and 7.
Some of RFLP markers were found to be linked with more than one trait

(Fig 2).

Table 4. RFLP markers associated with QTLs for the studied traits.

Trait Marker Chr. P cs” Sp* Phenotypic
Name value type type effect
HD Xpsrl64 5A 0.0067 119.7 125.2 -L72
XEksuD9 4A 0.0140 124.9 119.8 2.
Xpsrsil 8 0.0166 1193 124.3 .49
JH Xpsr347b 7D 0.0045 121.2 1104 542
Xcdedds 3A 0.6113 113.1 122.5 -4.69
Xbed808 1A 0.0175 121.2 112.0 4.57
Xbcd828 1A 0.0184 1216 1129 4.34
SL Xpsrids 2B 0.0012 10,13 12.62 -1.24
Xpsr370 5D 0.0032 10.48 12.6% -1.1¢
Xpsr547b 7D 0.0166 12.17 10.31 0.93
Xcdol7 TA 0.0178 12600 10.15 0.9
Xbcd808 1A 0.0179 1240 10.55 0.9
SN Xabcd51 2B 0.0067 45.94 3L13 59
Xpsr90il 2D 00144 34.18 45.90 -53
XksuEl16a P 00171 35.03 45.67 53
XksuEl6b 2D 0.0180 35.69 46.38 -53
Xpsrl02b 2B 0.0184 45.64 34.91 5.3
SwW XksuE16b D 0.0092 88.72 114.85 -13.04
Xpsrl29a 7A 0.0168 88.59 111,68 -11.5:
GY XEksuEl6h 2D 0.0024 33.98 45.76 -10.3¢
XksuEi6a 2D 0.0075 33.89 52.09 5.0

b5 Average values of the sub-populations of CS and Sp type, respectively.
" Phenotypic effect = means of CS sub-population - Sp sub populstion.
The abbreviations of characters are the same as those indicated in materials and methods.

Heading date

QTLs for heading date were associated with three RFLP markers on
chromosomes 4A, 5A and 7B. The alleles of CS in two markers (Xpsr!64
& Xpsri3l) were associated with early heading, while that of XksuD9
associated with late heading. Ahmed et a/ (2000a) used the same RILS
series to study QTLs under Yokohama, Japan condition. They found eight
and eleven markers associated with heading date in two successive seasons.
None of the three QTLs detected under Assiut, Egypt were common with
those detected on Yokohama, Japan. One of the detected QTL (Xpsri64)
tocaied on 5A chromosome was also detected in Yokohama along with three
QTLs detected on 5A chromosome (Ahmed et al 2000a). The other two
QTls (XksuD9 & Xpsr311) were detected on 4A, and 7B chromosomes.
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Heading date is affected by environment, since wheat heading date is
considered to be controlled by three major groups of genes: photoperiod
response genes, vernalization response genes, and earliness per se genes
(Bullrich er al 2002 and Shindo et af 2003). Yokohama and Assiut have
large differences in climates. In general RILs tended to head very late under
Assiut conditions compared to common local Egyptian wheat. We assume
that delayed heading was due to the lack of vernalization requirements as
well as to photoperiodic differences.

Plant height

Four QTIs were detected for plant height, one on chromosome 3A,
one on chromosome 7D and two on chromosome 1A. Plant height was
influenced by seven QTLs under Yokohama, one of which was located on
chromosome 1A (Ahmed et af 2000b). The CS allele on 1A and 7D
chromosomes increased plant height, but the Sp allele on 3A chromosome
reduced it (Table 4). The effect of group ! chromosomes on plant height
has been revealed using nullisomic lines (Seares 1954) and RFLP makers
(Cadalen er al 1998). Keller et al (1999) found 11 QTLs affect plant height
under three environments, two of which were located on 1A and 7D
chromosomes.

Quantitative traits for spike and yield traits

Five QTLs were identified for spike length on 1A, 2B, 5D, 7A and
7D. Those in 1A, 7A and 7D chromosomes showed a positive effect from
the CS allele, whereas QTLs on 2B and 2D chromosomes showed a
negative effect. Two QTLs (Xpsr347b and Xhcd808) were common with
those detected for plant height. This finding may account for the fact that
the plant height showed highly significant positive correlation with spike
length (Table 3). Merza er o/ (2005) identified ten QTLs for spike length on
1A, IB, 2B, 3B, 4B, 5B, 7A and 7B. Three of our QTLs on 1A, 2B and 7A
chromosomes were consistent with results previously reported (Sourdille et
al 2000, Jantasuriyarat ef a/ 2004 and Marza et af 2005).

Five QTls were found to affect number of spikes, two of them were
located on 2B chromosome and three on 2D chromosome. The two RFLP
markers linked with number of spikes on 2B chromosome are in order with
4.5 ¢cM map distance. Therefore it could be one gene in that area controlling
number of spikes. Similar finding could he found on 2D chromosome. The
three QTLs came in order on the long arm of the 2D chromosome. QTLs for
number of spikes were reported to be identified on 1B and 3B chromosomes
(Huang et al/ 2004 and Marza e ol 2005).
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Two QTLS “Fere detected “for %pike” weight on 2D and 7A
chromoscmes, whereas two QTLs could be identified for grain yield/piant.
One of them on 2D chromosome (XksuEl6b) was affecting both of the two
traits. The four QTLs detected for both spike weight and grain yield/plant,
the Sp allele increased the spike weight and grain yield/plant. The strong
association betWeen yield and spike number resulted in three common QTLS,
one between spike number and spike weight (XksuE16b) and two between
spike number and grain yield/plant (XksuFEl6a& XksuEl6b). Marza ef al.
(2005) detected QTL for spike weight on 2D chromosome.

Grain yield QTLs were mapped in the same positions as those for
both number of spikes and spike weight on 2D chromosome, suggesting that
number of spikes and spike weight may directly contribute to yield in that
genomic region.

Coincidence of QTLs among different traits (plant height and spike
length) on 1A and 7D chromosomes, and number of spikes arid both of
spike weight and grain yield/plant may indicate either single QTL with
pleiotropic effect or that the genome regions associated with these QTLs
harbor a cluster of linked genes associated with those fraits. anst

In conclusion, we could detect QTLs for some agronmically
important traits under Assiut, Egypt, which is different from the
environment of origin of the RILs population (Yokohama, Japan). Many of
those QTLs were not consistently detected on Yokohama, Japan. Shah er al
(1999b) detected QTLs for grain yield in individual environments, but
individual QTLs were not consistently detected across environments. The
inconsistent QTL detection in wheat was also reported earlier by Araki et af
(1999) and Kato et al (2000).

The detected QTLs for the studied traits are distributed over ten
chromosomes. The QTLs in 2D chromosome were uniquely associated with
yield and yield components and offer the greatest potential for marker-
assisted selection, which can be used for wheat improvement in breeding
programs.

REFERENCES

Ahmed, T.A., H. Tsujimoto and T. Sasakuma (2000a). Identification of RFLP
markers linkea with heading date and its heterusis in hexaploid wheat.
Euphytica 116: 111-119,

Ahmed, T.A., H. Tsujimoto and T. Sasakuma (2000b). QTLs associated with
plant height and related characters in hexaploid wheat Breeding Sci.50:
267-273.

285



Araki, E., H. Miura and S. Sawale{@¥®%. Identification of genetic loci affecting
amylose content and agronomic traits on chromosome 4A of wheat. Theor,
Appl. Genet. 98:977-984.

Bernard, M. (2000). Location of genes involved in ear compactness in wheat
(Triticum aestivum) by means of molecular markers. Mol. Breed. 6:247-255.

Ballrich, L., MLL. Appendino, G. Tranquilli, S. Lewis and J. Dubcovsky (2002).
Mapping of a thermo-sensitive earliness per se gene on Triticum
monococcum chromosome FAm. Theor. Appl. Genet. 105:585-593.

Cadalen, T., P. Sourdille, G. Charmet, M.H. Tixier, G. Gay, C. Boeuf, S.
Bernard, P. Leroy and M., Bernard (1998). Molecular markers linked to
genes affecting plant height in wheat using a doublehaploid popuiation.
Theor. Appl. CGenet. 96:933--040,

Dudley, J.W. (1993). Molecular markers in plant improvement: location of genes
affecting quantitative traits. Crop Sci. 33:660-668.

Eberhart, S.A. and W.A. Russell (1966). Stability parameters for comparing
varieties. Crop Sci. 6:36-40.

Edwards, M.D., C.W. Stuber and J.F. Wendel (1987). Molecular marker-
facilitated investigations of quantitative trait loci in maize. I. Numbers,
distribution, and types of gene action. Genetics 116:113-125.

Hwang, X.Q., H. Kempf, M.W. Ganal and M.S. Ro™ der (2004). Advanced
backcross QTL analysis in progenies derived from a cross between a
German elite winter wheat variety and a synthetic wheat (Triticum
aestivum L.). Theor. Appl. Genet. 109:933-943.

Jantasurtyarat, C, M.I.Vales, C.J.W. Watson, and Q. Riera-Lizarazu (2004).
Identification and mapping of genetic loci affecting the free-threshing habit
and spike compactness in wheat {Triticum aestivum L). Theor Appl Genet
108:261-273.

Kang, M.S. (1993). Simultaneous selection for yield and stability in crop
performance trials: consequences for growers. Agron. J. 85:754-757.

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

Keller, M., Ch. Karutz, I.E. Schmid, P. Stamp, M. Winzeler, B. Keller and
M.M. Messmer (1999). Quantitative trait loci for lodging resistance in a
segregating wheat x spelt population. Theor. Appl. Genet. 98:1171-1182

Kosambi, D.D. (1944)...The: estimation of map distances from recombination
values. Ann. Eugen. 12:192-175.

Lander, E.S. and D. Batatain §1}98%). Mapping . Mendelian :factors. underiying
quantitative traits using RELP linkage maps. Genetics [21:.185-199.

286



Larder, E.S., P. Green, J. Abrahamson, A. Barlow, }.J. Daly, S.E. Lincoln
and 1. Newburg (1987). MAPMAKER: an interactive computer package
for constructing primary genetic linkage maps of experimental and natural
populations. Genomics 1:174-181.

Lin, C.S., M.R. Binns and L.P. Lefkovitch (1986). Stability analysis: Where do
we stand? Crop Sci. 26:894-000.

Marza, F., G.H. Bai, B.F. Carver and W.C. Zhou (2005). Quantitative trait loci
for yield and related traits in wheat population Ning7840 x Clark. Theor.
Appl. Genet DOI 10.1007/500122-005-0172-3.

Nelson, J.C. (1997). QGENE: software for marker-based genomic analysis and
breeding. Mol. Breed. 3:239-245.

Sears, E.R. (1954). The aneuploids of comumon v.hzat. Mo Agric Exp.Sta. Res.
Bull. 572:1-59.

Shah, M.M,, K.S. Gill, P.S. Baenziger, Y. Yen, S.M. Kaeppler and HM.
Ariyarathae (1999). Molecular mapping of loci for agronomic traits on
chromosome 3A of bread wheat. Crop Sci. 39:1728-1732,

Shindo, C., H. Tsujimoto, H. and T. Sasakuma (2003). Segregation analysis of
heading traits in hexaploid wheat utilizing recombinant inbred lines.
Heredity 90:56-63.

Sourdille, P., M.H. Tixier, G. Charmet, G. Gay, T. Cadalen, S. Bernard and M.
Bernard (2000). Location of genes involving in ear compactness in wheat

(Triticum aestivum) by means of molecular markers. Mol. Breed. 6:247-
255,

Stuber, C.W., M.D. Edwards and J.F. Wendel (1987). Molecular marker-
facilitated investigations of quantitative trait loci in maize. II. Factors
influencing vield and its component traits. Crop Sci. 27:639-648.

Tanksley, $.D., H. Medina-Filho and C.M. Rick (1982). Use of naturally-occurring
enzyme variation to detect and map genes controlling quantitative traits in an
interspecific backcross of tomato. Heredity 49:11-25.

Tinker, N.A., D.E. Mather, B.G. Rossnagel, K.J. Kasha and A. Klei_nhofs
{1996). Regions of the genome that affect agronomic performance in two-
row barley. Crop. Sci. 36 : 1053-1062.

Quarrie, S.A., A. Sted, C. Calestani, A. Semikhodskii, C. Lebreton, C, Chlnoy,
N. Steele, D. Pljevljakusic, E. Waterman, J. Weyen, J. Schondelmaier,
D.Z. Habash, P. Farmer, L. Saker, D.T. Clarkson, A. Abugalieva, M.
Yessimbekova, Y. Turuspekov, S. Abugalieva, R. Tuberosa, M-C.
Sanguineti, P.A. Hollington, R. Aragues, A. Royo and D. Dodig (2005).
Ahigh-density genetic map of hexaploid wheat (Triticum aestivum L.,)
from the cross Chinese spring x SQ1 and its use to compare QTLs for grain
yield across a range of environments. Theor. Appl. Genet. 110:865-880.

287



Yan, J.Q., J. Zhu, C. He, M, Benmoussa and P. Wu (1999). Molecular marker-
assisted dissection of genotype - environment interaction for plant type
traits in rice (Oryza sativa L.). Crop Sci. 39:538-544.

el (e Al jad) 5 pdie B Ayl geasall clinall Luall cilivall 1l ga
)ﬁa.ndjﬁ W]
Jyumddb—micm e Zath
b gaud daala — e S aladll o

O S op DU Lljedl 5 pde g diid Dl i g cw 4ol ad
LgsS agea o Wide Jpash a7 Chinese spring x T. spelta  gmoll (o piDl
&l pall Ll s para — Dgd Ciguh Cad aapdil dliy ObLly daslad Sladl
Aageall Dl puaraal st sl 150
degs ey Aali(QTL) duas clival lefps cypic 5 pis) o cipd ui
il o gl Jusann g Joical) (g ¢ olid) i ¢ Alsiad oo ¢ G Ssbs ¢ _yub 53O
1A, 2B, 2D, 34, 44, 54, 5D, b lepusag S 6 pdie o a8 pall Slli e g d g
7D 474, 7B

Ldudal (uw o 2 gl o6 CALST ad pull S e |38 o duld Cadyf
o Qb Lelt 48 g0 i g b ad

S i 2D ppsassll o uasl clhall @ilge o A Al pd
OF ALY A lpalsdiny Al Lsd] lpbey Las AlisSe g opnd ol Dl
it Fadll Gl ol A Molecular markers 4 jodl lual g b

(Feet) CAA=TVY (1) 10 cobadlf Loy i & uaed daal

288





