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Abstract

A quantitative trait is a measurable trait that depends on the cumulative action of many genes and their interaction with the

environment that can vary among individuals over a given range to produce a continuous distribution of phenotypes. The identification

and mapping of QTLs for such traits has great significance for rice breeders. In this study, a genetic analysis of quantitative trait loci

(QTLs) affecting 11 agronomical traits was performed using an F, population of a cross between two Oryza sativa ssp. indica type

cultivars, Domsiah’ and ‘TR44, comprising 160 plants. A total of 22 QTLs were detected for 11 traits, including two for plant height
(PH), one for full grain per panicle (FG), two for flag leaf widch (FLW), three for 1000-grain weight (TGW), two for number of panicles
per plant (NP), three for flag leaflength (FL), two for peduncle length (Pd), one for panicle exertion (PE), two for grain yield (GY), two

for basal panicle length (BPL) and two for awn length (AL).
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Introduction

The rapid progress in the development of polymorphic
molecular markers has led to the intensive use of QTL
mapping in genetic study for quantitative traits (Wang ez
al., 2007).

In general, QTLs are identified by correlating genetic
variation with trait variation; a significant correlation be-
tween genotype and phenotype suggests that DNA status
helps determine trait expression (Grisel, 2000). The two
general goals of QTL mapping in plants are to (a) increase
the biological knowledge of the inheritance and genetic
architecture of quantitative traits, both within a species
and across related species, and (b) identify markers that
can be used as indirect selection tools in breeding (Se-
magn, 2010).

Numerous genetic studies of quantitative traits have
been done in a large number of plant species. With the
advent of DNA molecular markers, QTL mapping has
become a routine strategy for the discovery of genes in-
volved in complex quantitative traits. Thousands of QTL
have been mapped for important agronomical traits in
rice (Xing ez al., 2008). Several rescarches have been
made about the yield related QTLs. Wang ez al. (2010)
conducted a quantitative trait loci (QTL) analysis of 150
rice recombinant inbred lines (RILs) derived from a cross
between two cultivars, Oryza sativa ssp. indica cv. ‘93-11’
and Oryza sativa ssp. japonica cv. ‘Nipponbare’ and de-
tected 49 QTL with phenotypic effect ranging from 3.2
to 46.0% for 14 agronomics traits. Five QTL of relatively
large effect (14.6-46.0%) were located on small genomic
regions, where strong candidate genes were found. Gomez
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et al. (2006) mapped QTLs linked to physio-morphologi-
cal and plant production traits under drought stress in the
field by evaluating 177 F, recombinant inbred (RI) lines
of ‘Bala’ x ‘Azucena’ under rainfed conditions in the target
environment (TE). A total of 24 QTLs were identified for
various traits under stress, which individually explained
4.6 to 22.3% phenotypic variation. Bei-Bei ez /. (2003)
mapped quantitative trait loci (QTLs) for harvest index,
biomass, grain yield, sink capacity and plant height using
a DH population containing 81 DH lines from an indica-
japonica cross of rice. A total of 21 significant main effect
QTLs and 9 pairs of epistatic loci were detected. Of these,
three detected QTLs for grain yield collectively accounted
for 42% of the phenotypic variation with a LOD of 7110.

Materials and methods

Plant material and field evaluation

The plant material consisted of 160 F, individuals de-
rived from a cross between two Oryza sativa ssp. indica
type cultivars, Domsiah’ (‘DOM’) and TR44’ that dif-
fers in all agronomic traits. ‘Domsiah’ is an Iranian native
variety with a long grain. It has a black spot on one end,
which gives it the name. It is cultivated mainly in the Gui-
lan province of Iran. ‘Domsiah’ is especially valued for its
aroma (Singh ez al., 1996). This Aromatic variety is a high
yielding variety too. TR44’ is an improved rice from IRRI,
dwarf and drought and cold resistant. The experiment was
carried out in a randomized complete block design, with a
spacing of 25x25 cm at the Rice Research Institute of Iran
(Rasht). Observations on F, plants were taken at the time
of flowering and harvesting and the mean values were used
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for the QTL analysis. The total of 12 yield related traits
were evaluated including full grain per panicle (FG), flag
leaf width (FLW), 1000-grain weight (TGW), number
of panicles per plant (NP), flag leaf length (FL), peduncle
length (Pd), plant height (PH), panicle exertion (PE),
total weight of panicle (TWP), grain yield (GY), basal
panicle length (BPL) and awn length (AL).

SSR and AFLP analysis

Fresh leaves were used for DNA extraction according
to CTAB method (Rogers ez al., 1988) with slightly modi-
fications. In this study a set of 105 SSR markers were tested
to find the polymorphic markers between the parents (Mc-
Couch ez al., 2002). The sequences of cach of the primer
pairs were downloaded from http://www.gramene.org/
microsat/sst.html. Among these, 51 polymorphic mark-
ers were chosen. These markers were distributed over all
twelve rice chromosomes. PCR reaction was carried out in
10 pl reaction mixture containing 50 ng of template (Ge-
nomic DNA), 20 mM MgCl, 4 mM of dNTPs, 1U of Taq
and 2 uM of each primer in 1x reaction buffer. The ampli-
fication reaction was performed in the Eppendorf Master
cycler with an initial denaturation for 4 minute at 94°C,
then 35 cycles: 40 seconds denaturation at 94°C; 40 sec-
onds annealing at 52°C; 2 minute extension at 72°C. Final
extension was carried out at 72°C for 5 minutes.

Seven polymorphic AFLP markers were used in this
study too. These 7 primer combinations made 63 poly-
morphic bands. AFLP reactions were performed as de-
scribed by Vos ez al. (1995) using EcoRI and Msel prim-
ers without a selective base in pre-amplification and with
three selective bases in amplification. For this purpose,
genomic DNA was digested with a pair of restriction en-
donucleases (EcoR I and Mse I), and the combination of
genomic DNA and restriction enzymes were incubated
for 12 hours at 30°C. then double-stranded EcoR I (Eco)
and Mse I (Mse) linkers were ligated to the restriction
fragments. After that the pre-selective amplification, a
subset of all the fragments was amplified, using primers
that are complementary to the linker sequences. In the last
step, the number of fragments was further reduced by a

Tab. 1. AFLP primers used for QTL mapping

Primer Sequence
Msel 5-GATGAGTCCTGAGTAA-3
EcoRI S-GTAGACTGCGTACCAATTC-3’
Msel adaptor S-GACGATGAGTCCTGAG-3
Msel adaptor 3 TACTCAGGACTCAT-S
EcoRI adaptor 5-CTCGTAGACTGCGTACC-3
EcoRI adaptor 3-CATCTGACGCATGGTTAA-5
E32-M61 Eco-AAC+MseCTG
E36-M42 Eco-ACC+MscAGT
E39-M39 Eco-AGA+MscAGA
E37-Mé61 Eco-ACG+MseCTG
E40-M93 Eco-AGC+MseTTG
E35-M90 Eco-ACA+MseTGT
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second round of PCR (selective amplification), in which
the PCR primers had an additional three selective bases
(Meudt and Clark, 2007). The PCR products were sepa-
rated on denaturing 6% polyacrylamide gels and the bands
were revealed using the silver-staining protocol (Panad ez
al., 1996). The primers used for AFLP analysis are listed
in Tab. 1.

Linkage map construction and QTL analysis

A linkage map was constructed using F, mapping al-
gorithm with QTXb17 Mapmanager (Manly ez 4/., 2001;
http://www.mapmanager.org), based on the segregation
data of 51 SSR and 63 AFLP loci in the F, population. The
related genomic distances (cM) were calculated from re-
combination values using the Kosambi mapping function
(Kosambi, 1944). In order to mapping the QTLs, Com-
posite interval mapping was conducted using QTL car-
tographer version 2.5 (Basten ez al., 1997). To determine
empirical significance thresholds for declaring a QTL,
1000 permutations were done to calculate LOD thresh-
olds for each trait at p=0.05 and p=0.01. Permutation test-
ing (using QTL cartographer) indicated that a logarithm
of the odds ratio (LOD) score of 2.5 is suitable threshold
for this data.

Results

Correlation analysis

According to the results of Duncan’s test, a highly sig-
nificant difference in all traits (p< 0.05), between the two
parents Domsiah and IR44 were observed (Tab. 2, Fig 1).
Tab. 3 also shows the phenotypic (above diagonal) and ge-
notypic variation among the studied traits. All the studied
traits had positive correlation with GY. PE had a negative
correlation with BPL, FL, FLW, TGW and AL.

Tab. 2. Phenotypic value of parents and F, population of
measured in rice

Trait ‘Domsiah’ ‘TR44’ E, T
name

m+ SD m+ SD m+ SD m+ SD
PH  11043+112 1282246074 132.36+12.063 -60.7"
BPL  25.85+187 30344264 27304295  -168"
PE 56+2.1 448+16 541£257 430"
NP 3171+173  29.3+32 37.39£231  -9.05™
Pd 35656 40.68+46  3739+797 1336
FL 2974276 38.61+38 304344906  -1098"

FLW 1402 1.1+0.24 1.18+0.36 08"

AL 3.1+0.87 2.140.36 2.98+0.68 09
GY 5056+41  6543t43  55515.098  -2465¢
FG 78.2+4.3 95.545.6 8149759  -4550™
1(382;:«1 2823432 3445422 3004431 -1447"

PH=plant height; BPL=basal panicle length; PE=panicle exertion; NP=number
of panicles per plant; Pd=peduncle length; FL=flag leaf length; FLW=flag leaf
width; AL=awn length; GY=grain yield; FG=full grain per panicle
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Tab. 3. Genotypic (below diagonal) and phenotypic (above diagonal) correlation coefficients among traits in the 160 F, rice
individuals
Trait PH BPL PE NP Pd FL FLW AL GY FG TGW
PH 1 0.441 0.160 0.234 0.382 0.230 0.150 -0.029 0.376 0.330 0.129
BPL 0.442 1 -0.045 0.090 0.204 0.464 0.079 0.084 0.309 0.318 0.175
PE 0.160 -0.046 1 0.044 0.047 -0.036 -0.086 -0.111 0.209 0.273 -0.035
NP 0.235 0.090 0.043 1 0.234 0.111 -0.049 -0.041 0.218 0.107 0.051
Pd 0.385 0.206 0.047 0.238 1 0.142 0.089 -0.031 0.124 0.074 0.004
FL 0.230 0.463 -0.036 0.111 0.143 1 0.199 0.097 0.253 0.160 0.088
FLW 0.179 0.103 -0.101 -0.051 0.102 0.240 1 0.047 0.029 -0.099 -0.069
AL -0.030 0.085 -0.113 -0.041 -0.031 0.098 0.056 1 0.010 -0.008 -0.093
GY 0.383 0.314 0.208 0.223 0.127 0.257 0.034 0.005 1 0.720 0.152
FG 0.331 0.320 0.275 0.109 0.074 0.160 -0.119 -0.008 0.734 1 0.217
TGW 0.130 0.179 -0.034 0.050 0.002 0.090 -0.076 -0.093 0.160 0.220 1

PH=plant height; BPL=basal panicle length; PE=panicle exertion; NP=number of panicles per plant; Pd=peduncle length; FL=flag leaf length; FLW=flag lcaf width;
AL=awn length; GY=grain yicld; FG=full grain per panicle; TGW=1000-grain weight

Tab. 4. Putative QTLs for agronomic traits in F, population derived from the cross of two rice varieties (‘Domsiah’ x ‘TR44’)

Trait QTL: Flanking markers Chro LOD® as d¢ d/|a]*  PEV'
PH qPH-3 E35-M90-11-E37-M61-11 3 5.71 529 -3.52 -0.67 7.62
qPH-12 E40-M93-2-E39-M39-9 12 341 353 -4.49 -1.27 2.04
qBPL-1 E40-M93-5-E36-M42-2 1 2.68 -1.88 0.08 0.04 14.09
BPL qBPL-11 E32-M62-2-E32-M62-7 11 4.05 1.56 -0.15 -0.09 11.04
e QFG-1 RMA466-RMS097 1 296 5835 3215 551 135
PE qPE8 RMS8264-RM5720 8 3.69 113 188 -167 1899
qGW-3 E40-M93-6-RM6832 3 264 544 279 051 84
TGW qGW:S E40-M93-12-E37-M61-6 5 303 888 931  -105 1545
qGW-6 RM7179-RM5371 6 523 112 -101 009 2882
oy qGY-2 RM221-RM236 2 5.86 0.57 337 591 11
qGY-11 E40-M93-9-E36-M42-3 11 436 070 076 109 71
o qPd-6 RM7179-RM5371 6 3.06 3.80 0.46 0.2 1277
qPd-8 E32-M62-5-RM6208 8 301 255 610 239 378
QFL-4 RM261-RM 8212 4 440 055 254 459 004
FL qFL-6 RM527-E39-M39-4 6 3.09 117 1839 1566 023
qFL8 E35-M90-10-E32-M62-5 8 251 -420 442 105 1128
. QFLW-1 RMS094-RM466 1 7.30 0.70 604 866 1226
qFLW-2 RM1358-RM300 2 5,04 053 314 594 1018
qNP-4 E39-M39-8-RM1359 4 297 190 135 071 13
NP qNP-6 RM7179-RM5371 6 385 188 098  -052 64
AL qAL3 E40-M93-6-RM6832 3 376 24 138 112 1936
qAL-S E37-M61-6-RM3148 5 299 070 089 127 833

*QTLs are named by abbreviations plus chromosomal number; "Log10 likelihood; ‘Additive effect; ‘Dominance effect; ‘Degree of dominance; ‘Percentage of total

phenotypic variance explained by the QTL

QTL mapping

A total of 23 QTLs were mapped for 11 agronomical
traits using CIM. These QTLs were located on chromo-
somes 1,2,3,4,5,6,8, 11 and 12 (Tab. 4, Fig. 2). TWO
QTLs were mapped for plant height. qPH-3 with LOD=
5.71, was identified on chromosome 3 at the position of
89.6 <M (between E35-M90-11 and E37-M61-11) and
explained 7.62% of phenotypic variation. The allels from
‘DOM’ increased plant height for 5.29 cm. the second
QTL was located on chromosome 12 at 56.2 cM (between

E40-M93-2 and E39-M39-9). qPH-12 with LOD= 3.41
only explained 2.04% of phenotypic variation and had a
minor effect on this trait. Like the previous QTL, the al-
leles from ‘DOM’ increased the plant height by 3.53 cm.
Two QTLs were identified for panicle length. qPL-1 was
located on chromosome 1 at 156.7 cM  (between E40-
M93-5 and E36-M42-2) and with LOD= 2.68 explained
14.09% of phenotypic variation. The allele from ‘DOM’
increased the PL negatively. The second QTL (qPL-11)
with LOD= 4.05 was located on chromosome 11 at 62.4
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Fig. 1. Frequency distribution of the means of the 160 F, families for each trait. The parental means of TR44” and ‘DOM’ are indi-

cated by arrows

cM (between E32-M62-2 and E32-M62-7) and explained
11.04% of phenotypic variation. The ‘DOM’ alleles in-
creased the PL for 1.56 for this QTL. Both QTLs for this
trait were main effect.

QTL of gPE-8 associated with panicle exertion was
detected at chromosome 8 at the position of 37.3 cM (be-
tween RM8264 and RMS720) with LOD= 3.69. It con-
tributed to 18.99% of variation and was contributed by
‘DOM’ with additive effect of 3.69 cm. Two QTLs were
associated with number of panicles per plant (NP). The
first QTL with LOD= 2.96 was located on chromosome
4 at 215.9 cM (between E39-M39-8 and RM1359) and
explained 9.58% of phenotypic variation for this trait. The
second QTL with LOD= 3.85 was located on chromo-
some 6 at 1.5 cM (between RM7179 and RM5371). For
both QTLs, the alleles from ‘DOM’ increased the NP by
1.9 and 1.88 respectively. Two QTL were detected to be
associated with peduncle length, qPd-6 and qPd-8. The
qPd-6 located at 17.5 <M of chromosome 6 closely linked

to RM7179 contributing 12.77% of variation. The donor
for the favorable allele was DOM’ with the additive effect
0f3.80 cm. The gPd-8 located at 159.1 cM of chromosome
8 between E32-M62-5 and RM6208. It was contributed
by ‘TR44’ with the additive effect of 2.55 cm.

Two QTLs for flag leaf width were identified on chro-
mosome 1 and 2. The QTLs qFW-1 and qgFW-2 with a
LOD scores of 7.30 and 5.04 showed the large effects on
the FW and explaining 12.26 and 10.18% of the total
phenotypic variance, respectively. In second QTL alleles
from ‘TR44” decreased FW by 0.53 mm, whereas, for the
first QTL that was detected on chromosome 1, allele from
‘DOM’ increased FW by 0.70 mm. from SPD.

Three QTLs for FL were mapped on chromosomes 4, 6
and 8 respectively. qFL-4 with a LOD score 4.40 on chro-
mosome 4 at 1.5 cM (between RM261 and RM 8212),
showed the low effect on the FL. The second QTL (qFL-6)
on chromosome 6 at 45 cM (tightly linked with RM527)
also showed the low effect on the FL. Whereas qFL-8 on
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Fig. 2. QTLs that were mapped for: full grain per panicle (FG), flag leaf width (FLW), 1000-grain weight (TGW), number of
panicles per plant (NP), flagleaf length (FL), peduncle length (Pd), plant height (PH), panicle exertion (PE), grain yield (GY), basal
panicle length (BPL) and awn length (AL)
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chromosome 8 at 144.3 <M (between E35-M90-10 and
E32-M62-5) explained 11.28% of the total phenotypic
variance. Two QTLs alleles out of all detected QTLs were
from TR44’ and decreased FL. Two QTLs were mapped
for AL. the first QTL on chromosome 3 at 207.2 cM (be-
tween E40-M93-6 and RM6832) had major effect on this
QTL and explained 19.36% of phenotypic variance. The
second QTL was mapped on chromosome 5 at 210.1 cM
(between E37-M61-6 and RM3148). qAL-5 with LOD
score 0f 2.99, explained 8.33% of phenotypic variance. For
both QTLs, alleles from ‘TR44’ decreased AL by 1.24 and
0.7 mm respectively.

For grain yield, two QTLs were mapped. qGY-2 with
LOD=5.860nchromosome2at 1.5 cM (between RM221
and RM236) explained 19.36% of phenotypic variance
for this trait. The alleles from ‘DOM’ decreased the grain
yield by 0.57 gr. The second QTL, qGY-11 at 145.9 <M
(between E40-M93-9 and E36-M42-3) on chromosome
12 explained 8.33% of phenotypic variance and had de-
creasing allele from ‘DOM’ for grain yield. One QTL was
identified for FG. The related QTL was on chromosome
1 at 59.7 cM (between RM466 and RM8097). The alleles
from ‘IR44’ increased the healthy grains by 5.83. Finally
three QTLs were identified for 1000 grain weight. These
QTLs were mapped on chromosomes 3, 5 and 6 respec-
tively.

qGW-3 was the minor effect QTL for this trait. This
QTL with LOD= 2.64 on chromosome 3 at 194.7 cM
(between E40-M93-6 and RM6832) only explained 8.5%
of phenotypic variance. ' DOM’ alleles increased GW for
this QTL. The second QTL (gGW-5) on chromosome
S at 168.8 <M (between E40-M93-12 and E37-M61-6)
with LOD= 3.03, explained 15.45% of phenotypic vari-
ance. The last QTL was mapped on chromosome 6.
This QTL (qGW-6) at 8.5 cM (between RM7179 and
RM5371) explained 28.82% of phenotypic variance and
was introduced as a major QTL for this trait. For the two
last QTLs, alleles from ‘DOM’ increased the 1000 grain
weight by 8.88 and 11.12 gr respectively. Currently, there
are still large knowledge gaps on the molecular controls of
the basic biological processes related to yield traits. This is
especially the case for grain development. With the global
development of functional genomic resources, many tools
and genetic stocks have now become available for identi-
fying genes underlying these processes (Xing and Zhong,
2010).

Discussion

Since the early 1990s, numerous studies have identi-
fied molecular markers linked to QTLs involved in the
inheritance of agronomically important traits in a wide
range of crop species. Following the discovery of promis-
ing QTLs and identification of molecular markers, MAS
has been used to transfer single genes or QTL in various
species. However, published results in QTL introgressions

121

through MAS are variable, ranging from successful experi-
ments to those with limited success and even a failure (Se-
magn, 2010). Yield is a complex trait governed by many
loci, it is significant that some loci exert a much greater
influence on yield. Single genes are known to enhance
yield significantly (about 15 to 20% on per plant basis) as
also shown in studies using transgenics. It is such genes or
major effect QTLs that can be targeted for yield improve-
ment. A combination of more than one major yield QTLs
can be pooled together in a genotype for increasing yield
(Swamy and Sarla, 2008).

In this study, 22 QTLs were mapped for 11 agronomi-
cal traits. These QTLs were distributed on chromosomes
1,2,3,4,5,6,8,11 and 12. Chromosome 6 had the most
QTLs (4 QTLs), and after that, chromosomes 1, 3 and 8
were in the second place (3 QTLs on each chromosomes).
2 QTLs were mapped for PH. The first QTL had partial
Dominance effect and the second one had over dominance
effect. Sabouri and Biabani (2009) mapped 2 QTLs for PH
usingan F,  population derived from a cross between two
indica type varieties, Tarommahalli and Khazar. The iden-
tified QTLs were mapped on chromosome 3 (2 QTLs).
Their study showed that these QT Ls have over dominance
effect. Zhang ez al. (2004) mapped QTLs for plant height
on the same chromosomes. Two QTLs were mapped for
panicle length. Both of them had partial dominance effect
and had high effects on the related trait. Xiao ez a/. (1998)
mapped QTLs for PL using BC, testcross population
(V20A/O. rufipogon//V20B///V20B////Ceb4) consist-
ing of 300 families. They have found seven QTLs for this
trait, which two of them were on chromosome 1. Those
QTLs explained~14% of phenotypic variation (same as
present study). Sabouri ez 4/. (2010) mapped 4 QTLs for
panicle length using 236 F, , families derived from the
cross of two rice varieties (Gharib x Sepidroud). They
found 1 QTL on chromosome 1 that explained 15.36%
of phenotypic variation. Their QTL had over dominance
effect.

One QTL was mapped for PE on chromosome 8. This
major effect QTL explained 18.99% of phenotypic vari-
ance. Yue ez l. (2008) mapped QTLs related to PE on the
same chromosome. They found 1 QTL with LOD= 5.5
on chromosome 8 that explained 15.89% of phenotypic
variation. Three QTLs were mapped on chromosomes 3,
S and 8 respectively. qGW-6 was major effect. Jing ez al.
(2010) mapped 10 agronomical traits using an advanced
backcross BC, population from a cross between recurrent
parent named Yuexiangzhan and donor parent named
G52-9. They mapped ten QTLs for the trait of 1000-
GWt on chromosomes 3, 4, 5, 6 and 11, explaining the
phenotypic variance from 3.77% to 28.67%. Hittalmani
et al. (2003) mapped QTLs for TGW on the same chro-
mosomes. Two QTLs were mapped for GY. Both of them
had partial dominance effect. They explained the pheno-
typic variation in range of 8-12%. Fu ez /. (2010) mapped
QTLs controlling GY in two generations using 187 SSR
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markers. They mapped 4 QTLs for GY on chromosomes
1,2, 8 and 12. The QTL on chromosome 2 (qGY-2) was
minor effect. Two QTLs were identified on chromosomes
3 and 5. These QTLs had over dominance effect. Rahman
et al. (2007) mapped QTLs for AL using an F,, popula-
tion from the cross between ‘IR71033” and Junambyeo’
(a Korean japonica cultivar) consisting of 146 lines. They
found three QTLs on chromosomes 4, 5 and 9. gAL-5
with LOD= 4.09 explained 12% of phenotypic variation.

Two QTLs were detected for NP on chromosomes
4 and 6. Both of these QTLs had partial dominance ef-
fect. Mocanda ez a/. (2001) mapped NP related QTLs in a
BC2F?2 population derived from an inter specific cross be-
tween Caiapo, an upland Oryza sativa subsp. japonica rice
variety from Brazil, and an accession of Oryza rufipogon
from Malaysia. They found two QTLs for NP on chro-
mosomes 6 and 11 respectively. For FL, three QTLs were
detected on chromosomes 4, 6 and 8. All three QTLs had
over dominance effect. Two of three QT Ls were minor ef-
fect. The chromosomal regions of these QTL is as same as
Rahman ez a/. (2007). For FLW two QTLs were mapped.
qFW-1 and qFW-2 had over dominance effect and both of
them had major effects on this trait.

In general, the number of QTL detected in this study
was relatively lower compared to those of other studies. Su-
santo ez al. (2008) believe that It might be due to the size
of the population. The larger the mapping population, the
more likely to allow detection of more QTL with smaller
effect. In most of the cases degree of dominance (d/|a|)
were high and there was some cases of over dominance to-
ward increased or decreased a trait of interest which can be
associated with observed heterosis in F| hybrids (data not
shown). Although, additive and dominance genetic effects
could be result from the present cross but, one should take
into consideration that epistatic effects and linkage may
upwardly bias the dominance, and even partial dominance
estimation to become pseudo-over dominance (Sabouri ez
al.,2010).
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