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In order to map the QTLs for the agronomic traits in Lablab purpureus (L.) Sweet, we designed an F,
population derived from lablab accession (‘Meidou2012’ and ‘Nanhui23’) for construction of genetic
linkage map and repeatedly measured three fruit traits (pod length, pod diameter and pod fresh
thickness) and three growth phenological traits (flowering time, podding time and harvest maturity
period) in F, population and F; lines from two planting years. Bayesian model selection was used to
analyze main effect QTL, epistatic QTL and QTL by environment interactions (QEs) as well. 41 main
effect QTLs (19 for fruit traits and 22 for growth phenological traits) were identified on 11 linkage groups
with small phenotypic variances. Thirty nine pairs epistatic QTLs (19 for fruit traits and 20 for growth
phenological traits) were also found which accounted for large proportions of phenotypic variations.
And 11 QEs (8 for fruit traits and 3 for growth phenological traits) were detected only in F; lines. Six
QTLs and one QEs were found to be pleiotropy. Pod length, pod diameter, pod fresh thickness,
flowering time, podding time and harvest maturity period each had stable QTLs, which could be useful

for breeding purposes and scientific reasoning.
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INTRODUCTION

Lablab purpureus (L.) Sweet (2n = 22) is an ancient
legume species distributed in the tropics and the
subtropics of the world. It is believed to be a native of
India, south-east Asia or Africa (Shivashankar et al.,
1993). Lablab has many outstanding qualities: It can
produce a large bulk of green materials with high protein
concentration (Kay, 1979). Lablab provides food, fodder
and soil protection during prolonged dry periods when
many other plant species have become desiccated
(Schaafthausen, 1963; Wood, 1983; Ibewiro et al., 2000).
It is an important ley legume for animal fodder and green
manure in mixed crop-livestock in tropical and subtropical
Australia. Notably, in south and south-east Asia, lablab is
currently used as a pulse crop, and the immature pods
serve as a vegetable (Duke and Kretschmer, 1981).
Moreover, both the grain and the immature pods of lablab
are a lesser human food source in Africa (Smartt, 1985).
Lablab performs obvious difference among species in
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fruit and growth phenological traits. pod length, pod
diameter and pod fresh thickness in lablab are main traits
for marketing quality and yield of immature pods and
growth phenological traits can influence yield. These
traits are typically controlled by a multitude of genes,
often collectively referred to as QTL. Genetic mapping of
the QTLs for fruit traits and growth phenological traits
have been reported in other leguminous crops. Blair et al.
(2006) found 3 QTLs for pods per plant, 7 QTLs for days
to flowering and 2 QTLs for days to maturity across the
two locations in common bean. Zhang et al. (2004)
identified 8 QTLs for days to flowering distributed over
three linkage groups, 11 QTLs for days to maturity
distributed on five linkage groups and 6 QTLs were
detected for pods per node mapped on four groups in
soybean. Using four different populations of soybean,
Wang et al. (2004) identified four QTLs for days to
maturity on linkage groups C2, L, M and O, respectively.
The QTLs for fruit traits were also reported in other crop
as in legume (Chaim et al., 2001; Ku et al., 2000).
Mapping QTL not only explains genetic architecture for
these traits, but also is useful for marker-assisted selec-
tion (MAS) of them. For mapping quantitative trait loci,
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there are many statistical methods available, such as
least square, maximum likelihood and Bayesian method.
Bayesian model selection within the framework of
Bayesian mapping has became powerful and efficient
because of ability to quickly analyze the interacting QTL
models with many effects in experimental crosses (Yi et
al., 2005). In order to map the QTLs for the agronomic
traits in lablab, we have designed an F, population
derived from a lablab accession (‘Meidou2012’) and
another accession (‘Nanhui23’) for construction of genetic
linkage map and repeatedly measured six agronomic
traits in F, population and F3 lines from two planting
years. The objective of this study is to simultaneously
identify the main effect and epistatic QTLs for fruit traits
and growth phenological traits in three generations and to
evaluate the QTL by environment interactions in F3 lines
with Bayesian model selection.

MATERIALS AND METHODS
Plant material

The two annual accessions of lablab, ‘Meidou2012’ and ‘Nanhui23’
were chosen as parent to develop the F, population and Fs lines.
The parents are distinct from each other in fruit traits and growth
phenological traits. The F; hybrids from the cross of the parent
selfed to produce 136 F: individuals which selfed to obtain F; lines.
The F» population and F3 lines were used for QTL mapping.

Linkage map

With the F» population, the genetic linkage map was constructed,
which included 131 loci (122 RAPD and 9 nine morphological loci)
on the fourteen linkage groups covering 1302.4 cM of genome of
lablab with the average marker distance of 9.9 cM (Figure 1).

Field evaluation and character examination

The two parental accessions, F» population and F3 lines were grown
at the experimental farm of Shanghai Jiaotong University,
Shanghai, China. The F. population was planted in spring, 2006
and Fs lines were in autumn, 2006 and spring, 2007, respectively.
The temperature and photoperiod of the two planting years were
obviously different. F3 lines were arranged in a randomized com-
plete block design with two replications per year. Each replication
had six plants, and individual plants were spaced 60 cm apart in
rows placed 100 cm apart. Measurements were taken on six traits
including pod length (PL), pod diameter (PD), pod fresh thickness
(PFT), flowering time (FT), podding time (PT) and harvest maturity
period (HMP). All measurements were taken on F, and Fs indivi-
duals and averaged within each F; lines. The average length and
diameter of three pods on the first inflorescence were denoted as
pod length (cm; pod apex to the pedicel attachment) and pod
diameter (mm, at maximum width), respectively, at beginning of
physiological maturity. The pod fresh thickness (mm, distance
between two exocarps) was measured by the average fresh
thickness of three pods on the first inflorescence when seeds in
these pods arose. The flowering time was defined as the number of
days from sowing to appearance of the first flower. The podding
time represented the number of days from sowing to appearance of
the first pod and the harvest maturity period represented the
number of days from sowing to appearance of the first ripe pod.

Bayesian mapping QTL

In F> population, assume that there are g quantitative trait loci
responsible for a trait of interest, the genetic mapping model with
interacting QTL for single trait can be then constructed on the basis
of the Cockerham’s genetic model (Kao and Zeng, 2002), denoted
by:

q
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In F3 lines, taking phenotype mean of F; line as phenotype values
of corresponding F» individual, we used these F, individuals’
genotyped makers with known genetic map to locate the QTL for
agronomic traits and analyze the QEs. The genetic mapping model
with epistatic QTL for single trait and QEs can be then constructed
on the basis of the Cockerham’s genetic model (Kao and Zeng,
2002), denoted by:
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where # s the population mean; o and 4 for /=L2L .q e
the additive and dominant effects of the jth QTL, respectively;
Variable z and w are the genotype indicators corresponding to the
additive and dominant effects; aa, ad, da and dd are the epistatic
effects between the two QTLs due to additivexadditive,
additivexdominant, = dominantxadditive, and dominantxdominant

) ) . e, . . X, .
interactions, respectively. ¥ is the k™ environmental effect and "¢ is

x, =zx,, X, =wx, and x, = zw

related indicator variable; fori=1,

E.
2,3,4;and ! is the residual error.

The linkage map-wide interacting QTL for all traits on model (1) or
(2) has been analyzed by adopting Bayesian model selection (Vi et
al., 2005) implemented in the package R/qgtlbim (www.gtlbim.org)
released by Yandell et al. (2007). Because the homogenous and
heterogenous genotype cannot be distinguished for RAPD markers,
they were treated as missing and the multipoint method (Jiang and
Zeng, 1997) has therefore been used to infer the probabilities of the
three genotypes for each QTL. According to the results by the
composite interval mapping, we set the expected number of main
effect QTL at 3 and number of epistatic QTL at 4, so that upper bound of

the number of QTL is7+3\ﬁ:15. The initial values of other
parameters are assigned to be defaults. For all analyses, the

MCMC algorithm ran for 1-2X107jterations after discarding the first
1000 iterations as burn-in. To reduce serial correlation in the stored
samples, the chain was trimmed by keeping one observation in
every 40 iterations, yielding 3000 samples for posterior analysis.

In posterior analysis, Bayes factors of main effects and epistasis
per locus or pair of loci are individually calculated and compared
with a BF threshold of 3, or 2In(BF) = 2.1, to claim the presence of
QTL (Kass and Raftery, 1995).
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Figure 1. Genetic linkage map of lablab based on an F» population derived from a cross of ‘Meidou2012’ x
‘Nanhui 23’. Linkage groups are ordered based on the number of loci and the genetic length. Numbers to
the left of the vertical bars indicate the distances in cM, and locus names are listed to the right of the bars.
RAPD loci are named after their respective primers followed by a series number indicating the fragment

scored.

RESULTS
Phenotypic variation and trait correlations

Table 1 lists the mean phenotypic value, range of value,
standard deviation, coefficient of variation, skewness and
kurtosis for three fruit traits and three growth phenological
traits in F, population and F; lines. For each quantitative
trait, significant (P<0.05) differences were found between
‘Meidou2012’and ‘Nanhui23. All values of quantitative
traits in ‘Nanhui23’ were larger than those in
‘Meidou2012’ except pod length and pod diameter. The
mean value of each trait was consistent with the standard
deviation. All traits showed a broad (Kurtosis) distribution
and low skewness values. Altogether, all the investigated
traits were suitable for QTL mapping in F, population and
Fs lines.

The correlations between six agronomic traits in F2
population and F3 lines are calculated (Table 2). As
expected, most of correlations are significant at 5.0%

significant level, except for pod diameter and three
growth phenological traits, pod fresh thickness and three
growth phenological traits. The character and significance
of these relationships were consistent in population and
planting year without pod diameter and growth
phenological traits, pod fresh thickness and three growth
phenological traits. The positive correlation between
flowering time and potting time was the highest.

Identification of QTLs and evaluation of QEs for each
trait

The analyzed results including additive effects, domi-
nance effects, epistatic effects, 2InBF, HPD (the region of
highest posterior density) and heritability (the proportion
of phenotypic variance explained by QTL) in three
generations and QEs in F; lines for detected QTLs, which
are summarized in Tables 3, 4 and 5, respectively.
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Table 1. Descriptive statistics of fruit traits and growth phenological traits in parents, F. population observed in
2006 (upper) and F3 lines observed in 2006 (middle) and 2007 (lower).

Trait® Parents Population
Miedou2012 | Nanhui23 Range Mean SD CV | Kurtosis | Skewness
PL 10.8 5.9 6.0-11.2 8.7 1.01 | 11.6 -0.04 -0.06
10.5 8.2 5.8-10.4 8.0 0.89 | 11.3 -0.04 0.44
10.9 6.2 6.2-11.1 8.8 0.96 | 10.9 -0.29 0.19
PD 3.5 24 2.0-3.6 2.8 0.31 | 11.0 0.03 0.14
3.7 2.7 2.3-4.8 3.3 0.40 | 12.3 1.10 0.34
3.4 2.6 2.0-3.8 2.9 0.31 | 10.6 0.66 0.04
PFT 0.39 0.55 0.30-0.71 0.42 0.13 | 153 0.93 1.03
0.38 0.51 0.35-0.68 0.48 0.06 | 12.1 0.80 0.48
0.39 0.54 0.29-0.79 0.43 0.08 | 17.9 1.04 0.93
FT 46.2 58.6 42.0-72.0 57.9 520 | 9.0 0.75 -0.10
46.8 58.9 36.5-77.8 48.9 7.86 | 16.1 1.29 1.16
73.3 85.0 65.9-87.8 76.0 448 | 59 -0.52 0.02
PT 50.0 62.0 46.0-75.0 60.9 523 | 8.6 0.83 0.13
51.0 62.5 40.0-80.0 52.4 7.76 | 14.8 1.50 1.33
77.0 88.3 70.0-91.8 79.7 462 | 58 -0.61 0.03
HMP 73.5 85.0 68.0-97.0 81.3 5.09 | 6.3 0.46 0.31
73.2 84.8 66.0-97.0 76.4 6.16 | 8.1 0.90 1.17
99.1 110.5 92.9-111.4 | 101.7 | 3,53 | 35 -0.18 -0.14

2 Trait abbreviations: pod length (PL), pod diameter (PD), pod fresh thickness (PFT), flowering time (FT), podding time
(PT) and harvest maturity period (HMP).

Table 2. Phenotypic correlation coefficients between mean values of fruit traits
and growth phenological traits in F2 population in observed 2006 (upper) and
F3 lines observed in 2006 (middle) and 2007 (lower).

Trait® PL PD PFT FT PT HMP
0.43**
PD 0.38** 1
0.42**
-0.26™* 0.24**
PFT -0.18* -0.22* 1
-0.06 -0.25**
0.27** 0.16 -0.01
FT 0.12 -0.13 0.16 1
0.26** 0.10 -0.14
0.23** 0.11 0.01 0.96™*
PT 0.12 -0.13 0.17 0.99** 1
0.27** 0.12 -0.17 0.99**
0.19* 0.16 0.04 0.91** 0. 90**
HMP 0.15 -0.07 0.16 0.96** 0.96** 1
0.25** 0.17 -0.06 0.83** 0.83**

& Trait abbreviations: pod length (PL), pod diameter (PD), pod fresh thickness (PFT),
flowering time (FT), podding time (PT) and harvest maturity period (HMP). = ™

Absolute values above 0.174 are significant at P = 0.05 , and absolute values above
0.228 are significant at P = 0.01.
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Table 3. Summary of statistics for main effect QTLs obtained with Bayesian model selection on fruit traits and growth phenological

traits in the F» population and Fs lines.

Traita generation LG HPDb Additivec Dominance Heritability (%)¢ 2InBF
PL F2 5 [88.5, 163.4] -0.54 0.14 47 4.79
=] F» A 1RN7 78 Al na4 nnn 812 AR
Pl Fs 8 279 137 21 000 -0 68 43 335
Pl Fa 1 1107 12201 nn 017 n?2 271
Pl Fa 4 11017 103 81 035 0068 64 603
Pl Fa ) 192 1 137 81 024 -0 31 40 734
Pl Fa 6 100 76 11 018 -0.068 43 710
Pl Fa 7 98 3 100 41 016 -001 20 A 45
Pl Fa 9 487 56 01 010 000 24 217
Pl Fa 13 no2m 013 -002 27 3139
PN Fs 3 134 77 31 019 -004 38 478
PN ) 4 162 3105 21 n10 -002 28 377
PN Fs 5 IR 7 228 5l -018 -018 47 316
PN Fa 4 [R49 105 91 no27 nnn 41 7 46
PN Fa 10 100 651 000 -018 21 390
PFT ) ) M50 229 A1 Nn44 -013 72 2 48
PFT Fa 3 393 A3 91 -017 -011 19 517
PFT Fa ) 1347 6021 nn7 nnn 11 602
PFT Fa 9 47 0 56 01 002 -028 63 895
FT ) 1 11234 14071 -0 925 005 83 529
FT Fs ? [R7 1 91 51 026 -010 51 593
FT ) 4 R4 4 84 91 nonn 0922 96 581
FT Fs 5 11143 122 91 014 -198 55 270
FT ) A 1342 131 91 016 025 46 2 8A
FT Fa 3 142 8 76 31 001 079 09 283
FT Fa 4 [R2 3 8A 91 nn -0 38 n7 443
FT Fa 6 1362 80 71 003 -009 04 636
PT ) 1 [1234 138 71 -020 -014 70 4 89
PT Fs ? 160292 51 036 -032 76 768
PT ) 3 147 9 AR 21 -0NR -043 49 362
PT Fs 4 64 4 84 91 000 -091 64 522
PT ) A [A07 13191 012 017 49 368
PT Fa 3 142 8 74 31 001 068 06 292
PT Fa 4 A2 3 93 21 nonn -0 3R na 496
PT Fa 6 1362 80 71 002 -008 03 548
HMP ) 1 116 14581 -0 928 012 92 591
HMP Fs ? [R51 86 41 030 002 97 533
HMP ) 4 [R5 4 /A 91 nonn -06/7 41 390
HMP Fs 6 1342 13191 -016 -016 53 318
HMP Fa 4 [R2 3 8A 91 nonn -032 ne 499

| HMP E 6 [36 2 80 71 001 000 02 635

2 Trait abbreviations: pod length (PL), pod diameter (PD), pod fresh thickness (PFT), flowering time (FT), podding time (PT) and harvest
maturity period (HMP). ® HPD is the region of highest posterior density. ® Additive positive value indicates the ‘Meidou2012’ genotype having
a positive effect on the trait. @ heritability is the proportion of phenotypic variance explained by main-effect QTL.

Pod length

Mapping analysis for pod length revealed 3 and 7 main
effect QTLs distributed on eight linkage groups on the
basis of data from 2006 in F, population and combined
data from 2006 and 2007 in F; lines (Table 3). Each main
effect QTL explained from 0.2 to 8.3% of the phenotypic
variance. The additive effects of the QTLs ranged from -
0.54 to 0.35. Four QTLs were negative additive,
suggesting that alleles from ‘Nanhui23’ increased the pod
length at four QTLs on linkage groups 5, 7 and 13.

Three pairs in F, population and ten pairs in F3 lines
performed epistatic interactions also were detected (Table
4). The effects of additive by additive interaction between
QTLs were smaller, while the effects of dominant by
dominant interaction between QTLs were larger. Seven

each of effects of additive by dominant interactions and
dominant by additive interactions were larger, suggesting
that these interactions strongly impacted pod length.
Eight interactions each explained more than 10.0% of the
phenotypic variance. The result of QEs in F3 lines was
present in Table 5. Four QTLs on linkage groups 1, 4, 5
and 6 displayed significant interactions with years. The
QEs explained a total of 2.59% of the phenotypic
variance.

Pod diameter
Three main effects QTLs in F, population and two in F3

lines were identified to be significant and each QTL
accounted for between 2.1 and 4.7 % of the phenotypic
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Table 4. Summary of statistics for espistatic effects obtained with Bayesian model selection on fruit traits and growth phenological
traits in the F» population and Fs lines.

Heritability®

Trait® | Generation Position (%) aa® | dd® | ad® | da' | 2InBF
PL Fo LG5[88.5, 163.4]xLG6[60.7, 78.6] 30.2 0.91 293 | 1.74 | 1.32 8.26
PL Fo LG5[88.5, 163.4]xLG8[27.9, 137.2] 27.4 0.54 2.67 | 2.34 | 1.09 7.69
PL Fo LG6[60.7, 78.6]xLG8 [27.9, 137.2] 19.6 0.65 8.08 | 0.87 | 1.26 8.12
PL Fs LG1[110.7, 122.0]xLG6[0.0, 76.1] 11.1 0.37 1.56 | 0.80 | 0.92 7.52
PL Fs LG1[110.7, 122.0]xLG9[48.7 56.0] 12.1 0.14 1.04 | 0.52 | 0.58 5.90
PL Fs LG4[101.7,103.8]xLG7[98.3, 100.4] 11.8 0.63 343 | 1.16 | 1.02 | 12.13
PL Fs LG5[92.1, 137.8]xLG6[0.0, 76.1] 13.5 0.83 408 | 285 | 192 | 12.72
PL Fs LG5[92.1, 137.8]xLG13[0.0, 2.0] 6.6 0.14 1.00 | 1.67 | 0.61 12.18
PL Fs LG6[0.0, 76.1]1xLG7[98.3, 100.4] 13.3 0.32 0.76 | 0.17 | 0.67 | 11.02
PL Fs LG6[0.0, 76.1]xLG9[48.7 56.0] 6.6 0.09 | 1.24 | 0.40 | 0.31 | 8.97
PL Fs LG6[0.0, 76.1]xLG13[0.0, 2.0] 3.9 0.00 0.71 | 0.42 | 0.48 6.72
PL Fs LG7[98.3, 100.4]xLG13[0.0, 2.0] 3.2 0.21 0.52 | 0.00 | 0.11 5.61
PL Fs LG9[48.7 56.0]1xLG13[0.0, 2.0] 3.7 0.00 0.61 - - 6.69
PD Fo LG3[13.4, 77.3]xLG4[62.3,105.2] 18.5 0.38 1.88 | 0.73 | 0.47 7.69
PD Fo LG4[62.3,105.2]xLG5[68.7, 228.5] 12.8 0.66 199 | 1.16 | 1.25 8.15
PD Fs LG4[84.9, 105.9]xLG10[0.0, 6.5] 5.1 0.01 0.62 | 0.18 | 0.07 5.33
PFT Fs LG3[39.3, 63.9]xLG5[34.7, 60.2] 12.7 0.25 3.43 | 0.74 | 0.98 6.84
PFT Fs LG3[39.3, 63.9]xLG9[47.0, 56.0] 17.6 0.54 147 | 0.36 | 0.82 | 13.19
PFT Fs LG5[34.7, 60.2]xLG9[47.0, 56.0] 12.0 0.37 143 | 0.60 | 0.74 | 10.83
FT Fo LG1[123.4, 140.7]xLG2[57.1, 91.5] 32.1 0.31 244 | 1.38 | 0.94 8.96
FT F LG1[123.4, 140.7]xLG4[64.4, 84.9] 23.4 051 | 568 | 160 | 1.09 | 8.19
FT Fo LG2[57.1, 91.5]xLG4[64.4, 84.9] 22.3 0.35 420 | 0.98 | 0.48 9.74
FT F. LG2[57.1, 91.5]xLG5[114.3, 122.9] 20.7 0.66 | 2.60 | 1.03 | 0.94 | 7.69
FT Fs LG3[42.8, 76.3]xLG6[36.2, 80.7] 3.8 0.34 0.96 | 0.35 | 0.64 6.66
FT Fs LG4[62.3, 86.9]xLG6[36.2, 80.7] 4.6 0.06 1.11 | 0.26 | 0.37 7.39
PT Fo LG1[123.4, 138.7]xLG2[60.2, 92.5] 29.9 0.25 2.28 | 0.85 | 1.62 9.37
PT Fo LG1[123.4, 138.7]xLG3[47.9, 68.2] 24.5 0.38 439 | 0.56 | 1.20 8.61
PT Fo LG1[123.4, 138.7]xLG4[64.4, 84.9] 35.8 0.15 5.34 | 2.09 | 0.97 9.06
PT Fo LG1[123.4, 138.7]xLG6[60.7, 131.9] 20.7 0.62 3.62 | 1.71 | 1.49 8.07
PT Fo LG2[60.2, 92.5]xLG3[47.9, 68.2] 13.4 0.09 2.01 | 0.56 | 1.21 8.53
PT Fo LG2[60.2, 92.5]xLG4[64.4, 84.9] 19.9 0.53 4.07 | 1.07 | 0.63 9.24
PT Fo LG3[47.9, 68.2]xLG4[64.4, 84.9] 32.1 0.31 3.22 | 1.72 | 0.79 8.26
PT Fo LG3[47.9, 68.2]xLG6[60.7, 131.9] 20.7 0.49 293 | 1.69 | 1.14 7.69
PT Fs LG4[62.3, 93.2]xLG6[36.2, 80.7] 9.0 0.11 1.11 | 0.43 | 0.29 7.56
HMP Fo LG1[11.6, 145.8]xLG2[55.1, 86.4] 31.2 0.25 153 | 1.18 | 1.19 8.14
HMP Fo LG1[11.6, 145.8]xLG4[65.4, 86.9] 21.1 0.44 3.99 | 1.59 | 1.41 9.43
HMP Fo LG1[11.6, 145.8]xLG6[34.2, 131.9] 19.1 0.50 464 | 1.49 | 1.57 8.65
HMP Fo LG2[55.1, 86.4]xLG6[34.2, 131.9] 25.2 0.65 469 | 1.79 | 1.10 8.26
HMP Fo LG4[65.4, 86.9]1xLG6[34.2, 131.9] 26.6 0.99 404 | 1.47 | 1.46 7.63

@ Trait abbreviations: pod length (PL), pod diameter (PD), pod fresh thickness (PFT), flowering time (FT), podding time (PT) and
harvest maturity period (HMP).

® Heritability is the proportion of phenotypic variance explained by QTL epistatic effect © aa is the effect of additive by additive
interaction between QTLs.

4 dd'is the effect of dominant by dominant interaction between QTLs.

¢ ad is the effect of additive by dominant interaction between QTLs.

"dais the effect of dominant by additive interaction between QTLs.

variance. The ‘Meidou2012’ alleles contributed to pod interaction were detected in three generations, and had
diameter at four QTLs except the QTL on linkage group two significant effects on pod diameter with relative high
5. Among these identified QTLs, three pairs of epistatic aa, dd, ad and da in F, population. The two epistatic
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Table 5. Summary of statistics for QEs obtained with Bayesion model selection on fruit traits and growth

phenological traits in the Fslines.

Trait® LG Heritability® (%) QEs® (QTL) position 2InBF
PL 1 0.85 0.11 117.5 2.79
PL 4 0.72 0.00 101.7 2.64
PL 5 0.24 -0.05 94.4 2.42
PL 6 0.78 -0.01 71.6 3.36
PD 4 0.14 0.02 99.5 3.12
PFT 5 2.05 0.18 58.1 3.19
PFT 8 0.38 0.08 149.8 2.65
PFT 9 0.08 0.00 56.0 2.83
FT 6 0.55 -0.06 42.3 3.80
PT 6 0.36 0.22 42.3 2.85
HMP 6 0.43 0.42 44.3 4.97

2 Trait abbreviations: pod length (PL), pod diameter (PD), pod fresh thickness (PFT), flowering time (FT), podding

time (PT) and harvest maturity period (HMP).

® Heritability is the proportion of phenotypic variance explained by
QTL-environment interaction. ° QEs is the QTL by environment interactions.

interaction in F, population explained more than 10.0% of
the phenotypic variance, suggesting that these interac-
tions strongly impacted pod diameter. One QEs
interaction in F5 lines was detected and accounted for
0.14% of the phenotypic variance.

Pod fresh thickness

In three generations, analysis of the data resulted in the
detecting of 1 and 3 main effect QTLs for pod fresh
thickness on linkage group 5, 3, 5 and 9, respectively
(Table 3), which explained from 1.1 to 7.2% of the
phenotypic variance. All QTLs were positive additive ex-
cept one QTL on linkage group 3, suggesting that alleles
from ‘Meidou2012’ increased the pod fresh thickness at
three QTLs on linkage group 3 and 9. All of the dominant
effects for the trait were either negative or zero, indicating
that the ‘Nanhui23’ alleles perform dominant.

For pod fresh thickness, 3 pairs of epistatic interactions
were only identified in F; lines (Table 4), which
contributed to relative high proportion of the phenotypic
variance (12.0-17.6%). The effects of ad and da on
linkage groups 3 and 5 were higher, suggesting that the
interaction between two QTLs on linkage groups 3 and 5
strongly impacted pod fresh thickness. Three QEs in F;
lines were also detected on linkage groups 5, 8 and 9,
which together accounted for 2.51% of the phenotypic
variance.

Flowering time

The analysis resolved five main effect QTLs for flowering
time with higher phenotypic variance (4.6-9.6%) in F;
population and three QTLs with relatively low phenotypic
variance (0.4-0.7%) in F3 lines. The ‘Meidou2012’ alleles

at five QTLs increased the trait, while the
‘Nanhui23’alleles from remaining two QTLs on linkage
groups 1 and 6 in F, population contributed to the trait.
Four and two pairs of epistatic interactions for flowering
time were found in three generations. Four pairs of
epistatic interactions explained 20.7-32.1% of the pheno-
typic variance in F, population, while two pairs of epistatic
interactions were detected with relative small phenotypic
variance (3.8-4.6%) in F3 lines. Among the six pairs, only
three interactions in F, population strongly impacted
flowering time with relative high epistasis of ad and da.
One QEs interaction in F3 lines was mapped on linkage
group 6 which explained 0.55% of the phenotypic
variance.

Podding time

Similarly, five and three main effects of QTLs were
detected for podding time in three generations (Table 3).
The proportion of phenotypic variance explained by a
single QTL ranged from 4.2 to 7.6% in F, population and
0.3 to 0.8% in F3; lines. The ‘Meidou2012’ alleles
contributed to increased podding time at three QTLs
while the ‘Nanhui23’alleles at another three QTLs
increased the trait. For the epistatic interactions between
QTLs for podding time, eight pairs of epistatic interactions
in Fo population were found with relatively high pheno-
typic variance (13.4 -35.8%), ad, and da, implying that all
the interactions, especially one on linkage groups 1 and
4, highly affected podding time; on the other hand, only
one pair in F3 lines was detected with relative low pheno-
typic variance, ad and da, indicating that the interaction
might not significantly influence the podding time. In addi-
tion, a QE interaction in F3 lines was found on linkage group
6, which accounted for 0.36% of the phenotypic variance.
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Harvest maturity period

For harvest maturity period, four and two main effects of
QTLs were found in three generations. These QTLs
explained from 4.1 to 9.2% and 0.2 to 0.6% of the
phenotypic variance, respectively, of which the two on
linkage groups 1 and 2 both accounted for the highest
phenotypic variance (9.2%). The phenotype values of
harvest maturity period were increased by ‘Meidou2012’
alleles at two QTLs, however, the values increased by
‘Nanhui23’ at another two QTLs. As to epistatic interac-
tions for the trait, five interactions only in F, population
were detected with high ad and da values, and the
phenotype variance of interactions ranged from 19.1 to
31.2%, showing that these interactions greatly influenced
harvest maturity period. In addition, one QEs was
mapped and explained 0.43% of the phenotypic variation.

The co-localization of agronomic traits

Some QTLs for same trait were identified in the same
regions in three generations (Table 3). We detected nine
QTLs (two for podding time on linkage group 3 and 4;
both two for flowering time and harvest maturity period on
linkage group 4 and 6; both one for pod length and
harvest maturity period on linkage group 5 and one for
pod diameter on linkage group 4), which in F, population
explained the phenotypic variances for the same trait
were higher than that in F; lines.

On the other hand, from data in F, population and
combined data from two planting years in F3 lines, some
main effects of QTLs for different traits were detected in
the same regions on linkage groups (Table 4). We found
that one QTL within the HPD [47.0 56.0] on linkage group
9 was responsible for pod length and pod fresh thickness
in F3 lines, the two QTLs within the HPD [123.4 140.7] on
linkage group 1 and the HPD [57.1 91.5] on linkage group
2 in F, population and one QTL within the HPD [42.8
76.3] on linkage group 3 in F3 lines for flowering time and
podding time, one QTL within the HPD [34.2 131.9] on
linkage group 6 in F, population for flowering time and
harvest maturity period, the one QTL within the HPD
[62.3 86.9] on linkage group 4 in three generations for all
of three growth phenological traits, showing the
pleiotropy. Furthermore, the QEs for flowering time and
podding time was discovered at the 42.3 cM on linkage
group 6 and the effect for harvest maturity period was at
the near position (44.3 cM ) on the same linkage group.

DISCUSSION

Many QTLs mapping for fruit traits and growth phenolo-
gical traits have been reported in other leguminous crops
(Blair et al., 2006; Chaim et al., 2001; Ku et al., 2000),
and the QEs for crops were reported less. Jiang et al.
(2004) detected environment interactions for 18 of the

main effect QTLs and 14 pairs of the epistatic interactions
for rice. With associated data of four environments, QEs
contributed less to fiber length in cotton when compared
with additive and epistatic effects (Wang et al., 2006).
Xing et al. (2002) used a mixed linear model approach to
detect QEs, and thirteen QTLs with main effects showed
QEs, no QEs was detected for the QTLs involved in
epistatic interactions. However, aforementio-ned QTLs
had been analyzed by using either least require or
maximum likehood method. We had employed Beyesian
model selection to dissect the genetic basis of six
agronomic traits on the linkage map of lablab constructed
by self (J. Yuan, Shanghai Jiaotong University, China,
personal communication) in three generations and identi-
fied a total of 41 main effect QTLs (19 for fruit traits and
22 for growth phenological traits), 39 epistatic effects
involving 19 for fruit traits and 20 for growth phenological
traits and 11 QEs (8 for fruit traits and 3 for growth
phenological traits) (Tables 3, 4 and 5).

The phenotypic variance of these main effect QTLs
ranged from 0.2 to 9.2%. The significant QTLs explained
larger than 5.0% on four QTLs for fruit traits and ten for
growth phenological traits, which could underlie the
genetics basis of fruit traits and growth phenological traits
in lablab. Moreover, the phenotypic variances explained
by epistasis for all traits were larger than those explained
by main effect QTLs. Thus, the genetic architecture of
these traits appeared to be complex. The situation also
existed in other plant (Jiang et al., 2004). As to the QEs,
the variances for fruit traits were less than those of main
effect QTLs, while the variances explained by QEs for
growth phenological traits were equal to those of main
effect QTLs, suggesting that growth phenological traits
are more sensitive to environmental changes.

Related traits tend to be co-localized within the
genome. In many cases, the co-localization of the QTLs
for related traits could be probably the result of pleiotropic
effects of a single gene or be caused by the traits which
are dependent on each other (Frary and Doganlar, 2003).
Some recent studies on the molecular mechanism of
pleiotropy have suggested that pleiotropy is largely due to
consequence of a single molecular function of the gene
product, rather than the involvement of the same gene
product in several molecular processes (Kumar et al.,
2007; He and Zhang, 2006). In this study, we have found
six main effect QTLs on linkage group 1, 2, 3, 4,6 and 9
and one QEs on linkage group 6 performed pleiotropy
through separately analyzing six traits with Bayesian
model selection, adequately showing the pleiotropy of
gene exist in wide range. Nevertheless, it is necessary to
develop Bayesian model selection for multiple traits for
powerfully and precisely mapping the kind of QTLs.

The same QTLs detected across more than one
environment can be thought as stable QTLs. In three
generations, flowering time, podding time and harvest
maturity period each had two stable QTLs while pod length,
pod diameter and pod fresh thickness each had only one
stable QTL, which could be useful for breeding purposes



and scientific reasoning. In addition, these stable QTLs in
F. population explained phenotypic variances for the
same traits were higher than those in F3 lines except for
pod diameter trait, suggesting that fruit traits and growth
phenological traits were subject to environmental impact.

To our knowledge this is the first time that QTLs for six
agronomic traits including three fruit traits and three
growth phenological traits have been mapped in lablab.
Our study will increase the genetic markers’ information
associated with agronomic traits and aid the process of
identifying causative genes in lablab. Beneficial genetic
variance knowledge can be incorporated in breeding
programs to enhance genetic improvement through
molecular assisted selection in lablab.
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