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QTL hotspots are the genomic regions influencing several traits by harboring
important regulators. Therefore in the present study F, mapping population was used to
map the novel genomic regions and genomic hotspots by composite interval mapping. In
all 130 QTLs were identified for grain yield and its attributing traits. Out of 130 QTLs, 36
QTLs were major effects QTLs and 8 QTLs were found stable over the locations. We identified
strong major effects QTL for flag leaf length (qFLL3.1) with 46% phenotypic variance. In
this study 6 known QTLs (qph3.1, qnt3.1, qnt3.2, qTGW3-4, qTGW4-1, qPPP4-2) were also
validated and co-localized in chromosome 3 and 4 along with currently identified QTLs
genomic regions. These genomic regions consist, hotspots of 15 major and 23 minor effects
QTLs, which encompasses >3000 genes. Selection for advantageous allele underlying
major robust QTLs will be useful to break genetic barriers of yield to sustained food

security.
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Rice (Oryza sativaL.) isone of the most
important food crops worldwide and staple foods
for more than half of the world’s population
including two billion Asians, and more than 70
percent Indians. It contributes 43 percent to the
total food grain and 53 per cent to the cereal
production and thus holds the key to sustain food
sufficiency inthe country (Siddiq et al. 2004). To
meet the growing demand from human population
which isexpected to touch 9 billion by 2050, rice
varieties with higher yield potential and greater
yield stability need to be developed (Marathi et
al. 2012). The major way to meet the projected
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production demand is to integrate the classical
breeding techniques with modern biotechnol ogical
toolsfor riceimprovement (Collard et al. 2008).
Yield andyield related traitsare acomplex
in nature and governed by several minor genes,
quantitative trait loci and affected by
environmental factors. These traits also showed
continuous variation in segregating populations.
Rice varieties differ tremendously in the levels of
grain yield, with immense variability in the
combinations of component traits owing to the vast
diversity of genetic constitutions. The inheritance
of quantitative traits classically involves multiple
genes, each having a small effect that is sensitive
to environmental changes. Thesetraits are known
in general ashaving low heritability and thus have
earned the reputation of being difficult to
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investigate. Presence of significant G x E
interaction has been reported by comparing QTLs
detected in multiple environments. The
disappearance of QTLs detected in one
environment in another has been considered a
manifestation of G x E interaction and the detection
of QTLs with consistent expression across
environments is considered as stability indicator
for the utilization of these QTLs in breeding
program (Cho et al. 2007). However, the
development of molecular marker, genomemapping,
and QTL analysis technologies has greatly
facilitated the investigation of genetic bases of
quantitative traits for a single Mendelian genetic
dissection study and can further clarify the genetic
effects of their size and mode of action (Meng et
al. 2012). This is important not only for an
understanding of the genetic mechanism of
agronomic traits in rice, but also for molecular
marker assisted selection. Inrice, researchershave
constructed high-density genetic linkage maps
based on restriction fragment length
polymorphism (RFLP) and simple sequence repeat
(SSR) markers (McCouch et al. 2002). Mapping
population’s specilically designed for dissecting
the genetic bases of yield traitsvia QTL mapping
have been constructed, producing large amounts
of dataleading to the identi(cation of hundreds of
QTLsforyieldtraits.

Based on the above, astudy was planned
to understand the genetic mechanism and
molecular playersof thetraitsassociated with grain
yield using molecular marker technology with
objectivesto map novel genomicregionsand QTL
hotspotsinfluencing grainyield and its component
traits by using the two locations phenotypic data
of F, recombinant inbred popul ation generated by
new parental cross combination of Swarna and
IR86931B-6 rice genotypes.

Experimental Materialsand M ethods

The experimental material for the present
investigation comprised of 85 lines of F,
population derived from Swarna (a high yielding
Semi-dwarf widely adapted indica variety) with
IR86931B-6 (Semi-tall, inter specific linederived
from Nagina22).

Evaluation of F,Recombinant inbreed Lines

The F,RILs were evaluated with two
replications in randomized block design under
irrigated condition at two different locations in
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Raipur. The data for yield and yield contributing
traits were recorded from three selected
representative plantsin all the genotypes in each
location in replicates. The method adopted for
recording observation for each of the fifteen
characters is presented as. Seedling height (SH)
at seedling stage was measured in cm from baseto
tip of leaf at 25 days after sowing (DAS). Total
number of tillers per m? area (TT) were counted
and recorded at maturity. Total number of Effective
tillers(panicle bearing tillers) in per m? area(ET)
were counted and recorded at the time of harvest.
Plant height (PH) was measured in cm from baseto
tip of leaf onmaintiller at harvest of the crop. Flag
leaf length (FLL) of themaintiller wasmeasuredin
cmat beginning of anthesis. Flag leaf width (FLW)
of themaintiller was measured in cm at beginning
of anthesis. Flag |leaf area (FLA) was recorded by
multiplicationof FLL and FLW (FLA=FLL* FLW).
Number of days taken from sowing to panicle
emergence in 50 per cent of the population was
recorded as daysto fifty percent flowering (DFF).
Paniclelength wasrecorded as (PL) length of the
primary panicle from the panicle base to tip was
measured in centimeter and recorded. Panicle
Weight (PW) was recorded asweights of 3 random
paniclesingramsat maturity. Total number of filled
grainsin each of 12 random panicleswas counted
and the mean was cal culated and recorded asgrain
per panicle (GPP). Hundred grain weight (HGW)
recorded asweight of 100 grains selected at random
from each genotypein grams. Total number of filled
and unfilled grainswas counted from 12 randomly
selected paniclesand mean filled and unfilled grains
per paniclewere cal culated to estimate the per cent
fertile spikeletsin apanicle. Harvest Index (HI) is
the ratio between the grain yield and the total dry
matter of the plant. Grainyield per m? (YLD), the
weight of the dried (14% moisture) and cleaned
grains from the plants grown in one meter? area
were measured and expressed in grams.
Satistical analysisof thephenotypicdata

Analysis of variance (ANOVA), test of
significance of variance componentswere carried
out as suggested by Panse and Sukhatme, (1967).
Frequency distributions estimated and histograms
were plotted for characters with the help of
STATISTICA7 software (Sa 2007). All data was
analyzed without any transformation.

The genetic parameters like genotypic
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and phenotypic coefficients of variation (GCV and
PCV), heritability in broad sense (h?), expected
genetic advance (GA), Coefficient correlation was
calculated for all possible combination among the
characters at genotypic, phenotypic and
environmental levelswere estimated with the help
of SPAR 1 (Doshi and Gupta1991). Thesignificance
of correlation coefficients was tested, against
Fisher's table value (1936) for (g-2) degree of
freedomat 5% and 1% leve of significance, where
gisthe number of genotypes. Thecalculated (r) is
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then compared with tablevalueof ‘1’ at 5% and 1%
level of significance (Snedecor and Cochran 1967).
Genomic DNA isolation, polymor phism survey and
genotyping of mapping population

For generating the genotypic data DNA
was extracted from fresh |eaf tissues as described
by modified CTAB (Pervaiz et al. 2011) method
with dight modifications, further quantification and
diluted to final concentration of 50¢g/il for PCR
analysis. The polymerase chain reaction (PCR)
wascarried outin 96 well PCR plates obtained from
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Fig. 1. Frequency Distribution of Yield and Yield Contributing Traitsin Location1 and L ocation 2



332 SAHU et al., Biosci., Biotech. Res. Asia, Vol. 14(1), 329-341 (2017)
ohg H 02 D3
e 0 —F—HESR0
Qi o - PGSR ' Rk
.e____gawi 152+, | ~ANSaTS 5
£5--Rl1 41 T3~ 2 L &
1:2 HISSRILT o :?:,Z:?,g:: -E -l -% u
1.6 et R at 215773 Auss 8 -
18577 1~ Auoe z aad| [harere ¢ ¥
we| [RUETHS 24T o {RAeS RUET
LR 3684 HVga21
3| | RN Ty A 3
e kel I
feq. - 07 @ =
E&g"'—r\. : ] G Y
i . g
¥ : a s
71— o C
5251 RS l 1
1091 === HVEER-8
. 1153 == FRAEE
I X - 1T == HVESRRG 80
# el I . 1389y .-{vmssmsu
1305 —— Rl100 b 1114 -RNsH
425~ -BUSSES 1l sy I% I:i:%:"&ﬁ
ey =T | FAMETE) - HIS3R0 - 14404 T-HVSSROSHY
U =Rk [MTORY-T
Chooa ehas {h 06 ThO7
A ——
1] HY5SRIEZ1 0.0 —S— RMS07 0.0 HVESR06-43 . 0.0—E— H7-09
8.0 |- BM13 2
8.9 RM413 89 RM3325
R e
28,7 —— RM3sa3 I‘f I 3
® ' I—; 322 RM3583
6.6 ——— HVESR06-44
083 e HYSSROSTT
F-)
B
1220 Rt . 97.6—-{— HVSSR05-57 = o= Rt I‘:‘
139 BT 3
1584 1112 -
13600 ~ - Fl124 91.1 RM7TO
1806 RuEss g 115.9 —=— HVS5R05-66 12,0 =kt HVESE06-T5 96.8—— HVOT-44
S
This U ThiG Thii Chix
B S Py =Sy
0.0 —— RM33T 0.0 —S— RGNMS3766
Q0 —F—Rug
16.3 RMI1ET
17.5—1—RM25 ) 23.7 HV11-13
# %,
3 3 H E
. 63 6 et BV 1034
6681 RMET1 &67.1 RM287
76.2—— RMITY
94.9 HV11-58
58 8 —— HV08-45 LT
112.3 ) Hv11-76
L - 1131 = aM144

Fig. 2. Molecular linkage map showing the position of major effects QTLs for yield and yield contributing 13
traitsin rice chromosomes
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Pink color: Indicate identified Major effects QTLs. Validated QTLs were indicated by purple, green and brown color bar’s: LOD score with
R2% of validated QTLsand identified major effects QTLswere presented by their respective color beside linkage map. ( *: identified QTLsin
present study)
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Fig. 3. Position of validated QTLs (qTGW3.4, gPH3.1, gnt3.1 and gnt3.2; gPPP4-2, qTGW4-1) in molecular
linkage map of chromosome 3 in and 4 respectively along with the identified QTLs hotspots and major effects

QTLs
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found in the present study were selected for
detailed comparisons. Therice genetic linkage map
(the Cornell SSR map) were used to compare QTL
locations found in the present study and co
localized with validated QTLs. QTLswereidentified
as potentially novel if the marker intervals
harboring QTLswere not significantly overlapping
the previously reported marker intervals. QTL
hotspotswereidentified manually asreported from
Marathi et al. (2012) by searching in a sliding
window of 20 cM intheoriginal QTL dataand the
regions with more than three co-locating QTLsin
each window region were recorded. The window
was advanced in 5 cM steps across the entire
genetic map and the maximum number of QTL ina
window region was recorded.

RESULTS AND DISCUSS ON

Trait Performance

The mean performance of parents and
minimum and maximum trait values of F, RILsat
two locations are presented in table 1. The results
of ANOVA revealed highly significant mean sum
of squares for all the traits in both location,
suggesting presence of sufficient variation among
the genotypesfor thesetraits. Hence, thereisscope
to select desirable F,lineswith higher productivity
combining favorable yield contributing traits. In
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the mapping population devel oped for the present
study, wider variability was observed for al the
traits asindicated by the range and co-efficient of
variation, this providesmore opportunitiesto select
plantswith different combination of desirabletraits.
Maximum variability was observed for grain per
panicleand yield per m?inlocation 1(L-,) and for
harvestindex at location 2 (L ,) whereas, Minimum
variability was observed for flag leaf width and
days to fifty percent flowering at location 1 and
two respectively.

The transgressive variation was noticed
for al thetraitsand it was noticed in both direction
which indicated that neither of the parents carried
the entire positive or al the negative alleles. The
frequency distribution showed continuous
variation and approximately followed normal
distribution for most of the traits, indicated the
polygenic (quantitative) nature of these yield
contributing traits (figure 1).

Heritability, Genetic Advance, Variability and
Correlation

In the present study, considerably high
genetic variability, heritability and genetic advance
(GA) were observed in the F, mapping population
for most of yield contributing traits (table 2). This
indicated that, the advanced breeding combined
with direct selection for yield along with important
productivity traitsin irrigated condition could be

Table 2. Broad sense heritability, Genetic advance (GA) as per cent of mean, phenotypic coefficient of
variance (PCV) and genotypic Coefficient of variance (GCV) for yield and yield contributing traits

Character Location 1 Location 2

Heritability Genetic GCV PCV Heritability Genetic GCV PCV

advance advance

Seedling Height (cm) 45 0234 0215 08.9 70 322 0991 1184
Total Tiller per m2 74 21.44 10.18 11.84 93 48.46 19.06 19.75
Effective Tiller per m2 08 05.82 10.30 33.20 92 415 18.05 1881
Plant Height (cm) 79 1721 1061  10.85 78 1791 0995 11.29
Flag Leaf Length (cm) 66 08.98  05.09 06.26 80 11.61 0595 06.67
Flag Leaf Width (cm) 50 02.73  06.83 09.63 84 8.34 15.05 16.42
Flag Leaf Area(cm) 86 00.27 10.76 11.61 88 0.34 12.77 1359
Days to 50% Flowering 72 08.89 14.15 16.61 85 15.76 20.74 22.46
Panicle Length (cm) 60 0179  05.07 06.53 51 1.93 05.75 08.04
Panicle Weight (gm) 57 00.48  06.36 08.42 77 0.87 09.96 1135
Grain per Panicle 52 00.23 1012 10.16 79 0.4 1053 11.81
100 Grain Weight (gm) 78 52.72 18.8 21.33 9% 68.16 2371 2417
Spikelet Fertility (%) 44 0791 10.23 12.01 66 11.32 09.04 11.09
Harvest Index (%) 65 04.22 114 14.09 94 16.54 37.06 38.30
Yield per m?(gm) 76 4501 10.02 11.08 92 55.01 2346 24.34
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highly effective in improvement of yield in rice.
According to Johnson et al. (1955), high
heritability coupled withhigh GA, arenormally more
hel pful than heritability aloneand it indicatesthat
the heritability is due to additive gene action and
selection may be effective.

Coefficient of variation truly provides a
relative measure of variance among the different
traits. In our study closerelationship between GCV
and PCV werefoundinal thetraitsin both location
except for number of effective tillers per m? in
location 1, here PCV is more than twice of GCV
(table 2). Thisfinding wasin agreement with Zahid
et al. (2006), who al so observed similar resultsalso
inyieldandyield related traits. Association of yield
with yield related traits revealed the Significant
correlations between yield and yield related traits
in F, mapping population. Correlation coefficients
with > 0.707 are considered as highly significant,
because at thislevel each trait influencesthe other
trait to an extent of morethan 50 per cent (Snedecor
and Cochreham, 1989). We found such significant
relationship between TT and ET in both locations
(table 3) will beuseful for selection programmesto
increase the chances of simultaneously improving
two or more traits. Similar resultsfor TT and ET
was also reported by Kumar et al. 2014.
Identification of QTLs for yield and its
contributingtraits
Parental Polymor phism Survey and construction
of linkagemap

Parental polymorphism survey at 343 loci
revealed that 83 loci (24.20%) were found
polymorphic between parents. Out of total
polymorphism percentage, HVSSR, SSR and
RGNM S marker showed 19.23% (30), 28.98% (51)
and 18.18% (2) polymorphic ratio respectively. The
highest percentage of polymorphism was obtained
on chromosome 2 (41.67%) and lowest on
chromosome 12 (6.67%). Inchromosomethree, 24
polymorphic markers were obtained, which was
maximum among all chromosomes. Based on these
polymorphic markerslinkage map was constructed
with atotal map length of 1275.24 cM. Theaverage
interval sizewas21.68 cM, the smallest sizein chr
3 (6.02 cM), and the largest in chr.8 (32.93 cM).
Marker segregation analysis of 83 polymorphic
markers showed that only 14 (16.87 %) markers
followed mendelian segregation, rest of the 69
markers, 50 (60.24%) were skewed towards Swarna
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and 19 (22.89%) were skewed towards |R86931B-6.
Thesingle marker analysis showed that, A total of
158 |oci (consisting commonly associated markers
for sometraits) were significantly associated with
yield and yield contributing traitsin both locations
exactly.

| dentification of major and minor effectsQTL sby
Compostelnterval Mapping (CIM)

The genotypic data thus generated along
with phenotypic date recorded inthefield wasused
for identification and mapping of QTLs by
calculating threshold logarithm of odds (L OD) for
each trait by performing test with 1000
permutations. The experimental threshold LOD
mean were 2.5 at 5% level of significance in both
locations. A total of 130 QTLs (major and minor)
spread over 11 linkage groups were detected for
all phenotyped yield and related traits except DFF
and PL, acrosstwo locations. Out of 130identified
QTLsfor yield and related traits, 36 QTLs were
found as major effects QTL s acrosstwo locations
with minimum LOD threshold value 2.5 and having
€"10% phenotypic variance (table 4) and rest of
theother QTLswereminor effects QTLswith less
than 10% phenotypic variance.

All mgjor effects QTLs were mapped in
12 rice chromosomes based on their positions
(figure 2). Out of these 9 QTLs were common in
both locations whereas 12 QTLs were present in
location oneand 15 QTL swere present in location
two. Maximum 7 major effects QTL wasidentified
for FLW (QFLW2.3, gFLW2.4, gFLW6.1, qFLW6.3,
gFLW9.1 and gFLW10.1) in chromosome 2, 6, 9
and 10 followed by 5 major effects QTLs were
observed for GPP (qGPP1.1, qGPP3.1, qGPP3.2,
gGPP4.1and qGPP9.1) inchromosome 1, 3,4and 9
whereas minimum major effects QTLs were
identified for SH (qSH1.1), FLL (gFLL3.1), FLA
(gFLA3.1) in chromosome oneand three. Maximum
number (11 QTLSs) of major effects QTLS were
found in chromosome three. Among these QTL
gFLL3.1 (LOD-3.12) has highest phenotypic
variance with additive effects of 2.1, dominance
effects of 4.97and variance (R?%) of 46 percent.

Seedling height isalso important trait for
initial level screening of plant condition. Only one
major effect QTL (qSH1.1) was detected for this
trait onlocation 2 on chromosomel with LOD value
4.57 and phenotypic variance 17 percent. Thismight
be novel QTL region for this trait because
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previously identified QTL for thistrait by Abe et
al. 2012 was presented on chromosome 3.

Appropriatetotal tiller, number of effective
tillers and plant height are prerequisites for
attaining theincreased yield level inrice breeding
programme. For thesetraits, two major effects, for
TT (qTT3.3 and qTT4.3) and ET (gET3.5 and
gET10.1) were present in Location two. Kotlaet
al. 2013 also reported QTLs for tiller number in
chromosome number 2 and 3 respectively. Similarly
in RIL population, Zhou et al. 2013 reported Five
QTLs for the tiller number per plant on
chromosomes 3, 4, 6, 9, and 12, respectively. The
major effect QTLscontributed the most, up to 10%,
indicating that the number of tiller per plant was
controlled by multiple quantitative trait genes.

Plant height is an important agronomic
trait that determines the yielding potential of rice
variety. Plant height is known to be controlled in
both major and minor genes but most of therelevant
reports confirmed its polygenic nature (Rahman et
al. 2007). Only two magjor effect QTL, gPH1.2 with
LOD value4.37inL,and 4.08inL,) and qPH3.1
(with LOD value3.9in L and 4.4 in L) has been
observed for thistrait in both locations. Detecting
the mgjor effect QTLs controlling plant height at
vegetative and maturity is useful in practical
breeding and agriculture. Similarly Wang et al. 2012,
Marathi et al. 2012 and Kotla et al. 2013 aso
reported QTLsfor plant height in different mapping
population.

It was reported that the source leaves,
particularly the flag leaves, were associated with
improved grain filling, 1000-grain weight and
panicleweight aswell asother yield-related traits
incereal crops(Quarrieet al. 2006). In our present
study similar results observed where FLL, FLW
and FL A positively correlated (both genotypically
and phenotypically) with PL, PW, GPPand HGW
which confirms the previous findings. Compared
to other leaves, the flag leaf contributes the most
photosynthetic assimilates in rice therefore; it
assumes the Flag leaf length, width and area has
greatest importanceintermsof grainyield (L upton,
1973). The above sentences proven by the 9 major
effects QTLsidentified related to these traits. Out
of 9QTLs,oneQTL for FLL (qFLL3.1), 7QTLsfor
FLW (gFLW2.3, gFLW2.4, gFLW3.4, qFLW6.1,
gFLW6.2, gFLW9.1, gFLW10.1 and one QTL for
FLA (gFLA3.1). TheQTL, gFLL 3.1 wasfound for
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flag leaf length has highest phenotypic variance
(46%) among all the traits with 3.12 LOD value.
Similar findingsalso observed by Wang et al. (2012)
on BRILs (backcross recombinant inbreed lines,
Marathi et al. (2012) also reported 14 QTLsfor FLL
in RIL population across three locations.

Simpleselection criterion for yield can be
increased by selecting plants with many heavy
panicles, increasing the number of grain per panicle,
heavy grain weight and high percentage of spikelet
fertility. Total of 13 major effects QTLsfound for
these traits viz PW (gPW2.1 and gPW4.1), GPP
(qGPP1.1, qGPP3.1, qGPP3.2, qGPP4.1, and
qGPP9.1), HGW (gHGW2.1, gHGW3.1,gHGW3.2
andgHGW6.1) and SF(qSF1.1and qSF3.1). Similar
results also observed by Wang et al. (2012), and
Zhou et al. (2013) in different mapping popul ations
for the sametraits, which confirms our findings.

Harvest index is also has a major
importanceinriceyield. Higher the HI value may
increase the yield also. A total of 4 major effects
QTLsidentified (two QTLsin each locations) for
HI vizgHI2.1, gHI3.1, gHI7.1, gHI8.1. Previously
Sabouri et al. (2009) reported eight significant
QTLs across ten environments which showed the
importance of thistrait.

Inthe present study, for yield three major
effectsQTLsvizqYLD1.1,qYLD2.1,qYLD5.1were
identified in chromosome 1, 2 and 5. The additive
effects of this QTL were also high with 6.25 and
5.25. For plotyield Swamy et al. (2011) also reported
three QTLsgPYLD3.1, gPYLD4.1 and gPYLD4.2
were detected on two chromosomes. Marathi et
al. (2012) alsoreported 5 QTL for Grainyield per
plant. Amajor QTL, qYLD4-1, wasidentified with
LOD 3.28 explaining 15% of phenotypic variation.
Colocalization of Known QTLs

In the present study, total 6 known QTLS
from study of Kotlaet al. (2013) and Marathi et al.
(2012) were validated by single marker analysis
and co localized, inthe background of Swarnaand
IR86931B-6 derived mapping population flanked
by 8 significant marker loci governing the QTLs
for plant height (gph3.1, flanked with RM 16 and
RM489), number of tillers(qnt3.1, flanked withRM7
and RM514; gnt3.2, flanked with RM514 and
RM517) and thousand grain weight (TGW3-4,
flanked with RM3698 and RM16; qTGW4-1,
flanked with RM 3276 and RM 1112) and panicles
per plant (qPPP4-2, flanked with RM 3276 and
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RM1112) in 3 and 4, chromosome. These co
localized regions of yield related traits will be
further useful for identification of putative
candidate gene by fine mapping and used for the
cloning purpose and further breeding programme.
Liuetal. (2010) also validated QTLs, SPP3b and
TGW3b in the BC3F2 population governing the
trait spikelet per panicle and thousand grain
weightsin chromosomal 3. This gives strength of
our validated QTLs, for hunderd grain weight in
same chromosomal region (Figure 3).

QTL Hot Spots(Clusters)

While considering phenotypic and
genetic correlation it isvery interesting to examine
co localized QTLs for breeding perspective. One
of the central concepts in genetical genomics is
the existence of QTL hotspots, where a single
polymorphism leads to widespread downstream
changesin the expression of distant genes, which
areall mapping to the same genomic locus (Schadt
et al. 2003). In this study 5 QTLs hotspots
containing 37 QTLs affecting many traits were
identified in chromosome 3 and chromosome 4
between colocalized QTL sflanking marker regions
of which, some are either genetically correlated or
allometrically related. Out of 37 QTLS, 14 wasmajor
effects QTLs with more than 10% phenotypic
variance having minimum 3 LOD value and 23
minor effects QTLs less than 10 % phenotypic
variance.

Out of 14 mgjor effectsQTLs12foundin
chromosome 3 and only 2 major effect QTLsS
(qTT4.3and gPW4.1) were found to be present on
chromosome 4 for total tiller and panicle weight
(Table5; Figure3).

Accordingto Marathi et al, 2012, itisvery
difficult to know the contributing mechanism
between all thesetraitsin ahotspot as correlations
do not suggest link between them. It is possible
that these clusters represent more than one gene
but the present mapping population resolution is
not sufficient to differentiate whether it is due to
either linkageor pleiotropy. It isobserved that some
hotspots contain QTL s that are not allometrically
linked. It may possible that these loci represent
transacting QTL (most likely transcription factors)
where the effect of alterations in regulation or
structural characteristicswould be expected to have
smaller effects on many traits (Rae et al, 2009). It
can be concluded that each QTL s present within a
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QTL hotspot region give strengthen to results that
these al traitsarerelative to each other and might
donate a small positive effect, but co- locality of
sometraits point out that choicefor valuableallele
at theseloci will resultin acumulativeincreasein
yield due to the integrative positive effect of
variousQTLs.
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