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We report the first complete microsatellite genetic map of 
jute (Corchorus olitorius L.; 2n = 2x = 14) using an F6 
recombinant inbred population. Of the 403 microsatellite 
markers screened, 82 were mapped on the seven linkage 
groups (LGs) that covered a total genetic distance of 
799.9 cM, with an average marker interval of 10.7 cM. LG5 
had the longest and LG7 the shortest genetic lengths, whereas 
LG1 had the maximum and LG7 the minimum number of 
markers. Segregation distortion of microsatellite loci was high 
(61 %), with the majority of them (76 %) skewed towards the 
female parent. Genomewide non-parametric single-marker 
analysis in combination with multiple quantitative trait loci 
(QTL)-models (MQM) mapping detected 26 definitive QTLs 
for bast fibre quality, yield and yield-related traits. These 
were unevenly distributed on six LGs, as colocalized clus-
ters, at genomic sectors marked by 15 microsatellite loci. 
LG1 was the QTL-richest map sector, with the densest co-
localized clusters of QTLs governing fibre yield, yield-related 
traits and tensile strength. Expectedly, favorable QTLs were 
derived from the desirable parents, except for nearly all of 
those of fibre fineness, which might be due to the creation of 
new gene combinations. Our results will be a good starting 
point for further genome analyses in jute. 

Introduction. Jute is one of the most important 
ligno-cellulosic bast fibre crops and produces one 
of nature’s strongest vegetable fibres only next to 
cotton in production. 

Besides its traditional roles in woven industry 
and geotextiles, it is increasingly being used in 
automotive and paper industries [1]. It belongs to 
the genus Corchorus in the family Sparrmanniaceae 
[2] and is represented by the two diploid (2n = 
= 2x = 14) cultivated species, viz., C. capsularis L. 
(white jute) and C. olitorius L. (dark jute). However, 
the latter represents the predominant jute crop in 
the world occupying more than 80 % of the total 
jute growing area because it is not only high yielder 
but also ideally suited to transplanted paddy-based 
crop rotation [3].    

Jute is a self-pollinated crop. For strong sexual 
incompatibility combined with a dearth of com-
patible breeding resources [4], conventional pedi-
gree breeding is the preferred means for jute im-
provement. However, it is a typical short-day plant 
for flowering, but requires long-day for bast fibre 
production; fibre matures at 120 d, while seed at 
150–180 d after sowing [5]. Hence, there is an in-
herent problem in plant selection because fibre and 
seed cannot be obtained from the same jute plant. 
Selection on the basis of highly correlated bast fibre 
yield components, such as plant height, stem base 
diameter, number of nodes, etc. is the standard 
practice in jute breeding [3, 6, 7]. Although these 
traits are quantitative in nature and show non-ad-
ditive genetic variance [8], they exhibit moderately 
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high heritability and genetic advance [7]. In con-
trast, bast fibre quality traits like fibre fineness and 
tensile strength are complex under polygenic con-
trol with low to medium heritability, and thus the 
gain in selection for these characters is relatively 
much slow [7]. In view of these factors, jute is per-
haps the premier example of a crop plant in which 
marker-assisted selection (MAS) appears to be al-
most indispensable even in a small resource-poor 
breeding program in a developing country. 

Despite its small haploid genome size (~ 300–
450 Mb) amongst the economically important 
crop species [9, 10], genomics research has not 
progressed much in jute as compared to other im-
portant crop species including cotton and allied 
bast fibre crops like flax and kenaf. Only in the 
last decade, various DNA markers, such as inter-
simple sequence repeat (ISSR), random amplified 
polymorphic DNA (RAPD), simple sequence re-
peat (SSR) and sequence tagged microsatellite site 
(STMS) were developed for jute [11–16]. A large 
number of genomic microsatellites was enriched in 
C. olitorius [17, 18 ], which were used for genetic 
diversity analyses and for tagging traits of agronom-
ic importance [17, 19, 20].

However, complete genetic maps of the two 
cultivated jute species could not be constructed, 
although elementary maps resolving few linkage
groups based on few ISSR or RAPD or microsatel-
lite markers continued to be published over the 
past several years [21–23]. These efforts proved to 
be more of academic interest than of any practical 
breeding use. More recently, Das et al. [24] used 
an incomplete linkage map of C. olitorius, with 
six linkage groups, to analyze quantitative trait 
loci (QTLs) for bast fibre quality and yield traits. 
However, a framework genetic map with complete 
coverage of the genome as expected on the basis 
of haploid chromosome number of jute (n = 7) 
is yet to be developed. And this continues to be 
the primary challenge limiting the progress of 
QTL analyses and the implementation of MAS in 
jute, particularly when it does not even have any 
supporting classical linkage map and cytogenetic 
stocks that can be used to align the linkage groups 
to chromosomes.

We report here the first complete genetic 
linkage map of jute by mapping a set of 83 
highly polymorphic microsatellite loci on an F6 
recombinant inbred line (RIL6) population from a 

cross of an olitorius cultivar with one phenotypically 
distinct olitorius selection. This microsatellite ge-
netic map could not only be resolved into seven 
linkage groups with a total genetic distance of 
799.9 cM, but also was reliably used for the 
detection of QTLs for bast fibre quality traits, yield 
and yield components.

Material and methods. Mapping population. The 
mapping population was developed from a cross of 
JRO 524 ( ), a leading C. olitorius cultivar that has 
saturated about 80 % of the jute area in the world 
[3], with PPO4 ( ), a selection from C. olitorius 
exotic accession OIJ 154 [25]. This selection is 
characterized by a phenotypic marker of redtin-
ted pale green stem that becomes crimson red at 
maturity as compared to the green stem of JRO 
524. In addition, PPO4 produces fine fibre (1.5 
tex) of high tensile strength (19.7 g tex–1) with low 
lignin content (13.8 %) as compared to JRO 524 
[25]. The haploid genome size of PPO4 (315.8 Mb) 
is smaller than that of JRO 524 (327.8 Mb) [10]. 
The RIL6 population comprising 120 genotypes 
was developed by single seed descent. 

Phenotyping. The mapping population was raised 
in the CRIJAF (Kolkata, India) experimental field 
(22.45º N, 88.26º E; 3.14 m above msl) during 
the summer (March-September; mean day/night 
temperature: 32.7/24.2 ºC; RH: 68.8–93.7 %) fol-
lowing the recommended cultural practices. The 
trial was laid out in a randomized complete block 
design (RCBD) with three replications. Each ge-
notype was represented by three rows of 10 plants 
each at a spacing of 10 cm in rows 30 cm apart 
per replication. At 120 d after sowing, 10 heal-
thy plants were harvested per replication, and 
observations were recorded on plant height (PH; 
cm), number of nodes (NN), stem diameter base 
(SDB; cm), stem diameter mid (SDM; cm), stem 
diameter top (SDT; cm) and green biomass yield 
(GBY; g plant–1). For bast fibre extraction, the 
harvested plants were steep-retted in a water tank. 
After drying, fibre and wood yields (FY and WY; 
g plant–1) were determined. Bundle strength and 
airflow fineness testers (NIRJAFT, Kolkata) were 
used to measure tensile strength (TS; g tex–1) and 
fibre fineness (FF; tex in a decreasing 0–5 scale), 
respectively. 

Microsatellite genotyping. High-quality mucilage-
free genomic DNA was isolated from leaf tissues 
as described by [26]. A total of 403 microsatellite 
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markers representing the four genomic libraries of 
C. olitorius cv. JRO 524 [18] was screened to de-
tect polymorphisms between the two parental lines. 
Altogether, 83 polymorphic markers were identi-
fied, and these were used for genotyping the map-
ping population. The 83 microsatellite sequences 
were amplified according to [26] using a PCR pro-
tocol consisting of 30 cycles at 94 ºC for 1 min, 
Ta ºC [17, 18] for 1 min and 72 ºC for 1 min fol-
lowed by a final extension at 72 ºC for 5 min. Am-
plified products were separated in 10 % denaturing 
polyacrylamide (19:1) gels in 1.0 × TBE buffer at 
80 V cm–1 constant voltage, silver-stained [27] and 
recorded under an AlphaImager (Cell Biosciences, 
Santa Clara) gel documentation unit. Alleles were 
scored for size in bp and coded as codominant 
markers. 

Genetic map construction. Linkage analysis and 
genetic map construction were carried out using 
various options in JoinMap 4 [28]. The genotype 
frequencies for each microsatellite locus were cal-
culated, and its segregation ratio was tested against 
the expected ratio using the chi-square goodness of 
fit test. For linkage analysis, grouping was initially 
done using independence logarithm of the odds 
(LOD) thresholds (3–10; step 1.0) based on the 
G2 statistic [28] and finally using a recombination 
frequency threshold of 0.250–0.200 (step –0.050). 
The linkage group assignment of loci was verified 
using the strongest cross link (SCL) function. The 
genetic recombination map was constructed using 
the multipoint maximum likelihood (ML) algo-
rithm [29] that exclusively uses the mapping func-
tion of Haldane. 

Phenotypic data analyses. For each trait, adjust-
ed entry means for all RILs were calculated using 
the statistical model: yij =  + RILi + eij, where yij 
was the phenotypic observation of the ith RIL in 
the jth block,  was the general mean, RILi was the 
effect of the ith RIL (fixed) and eij was the residual. 
For estimation of variance components, all effects 
were considered as random. Heritability on an en-
try mean basis was calculated according to [30] 

where g
2 was the genotypic variance and    was the 

mean phenotypic variance of the difference bet-
ween two adjusted entry means. Trait associations 
were estimated by Spearman’s nonparametric met-
hod of rank correlation using original non-trans-

formed data. Normality (Shapiro-Wilk test) and 
equal variance (Bartlett’s test) assumptions were 
tested for phenotypic data for each character, and 
accordingly they were transformed into logarithmic 
scales: FS, FY, GBY, NN, PH and SY into log10, 
while FF, SDB, SDM and SDT into log10(x+1). 
Data analyses were performed using GenStat 
Version 7.2.0.220 (VSN International Ltd., Oxford, 
UK) and PLABSTAT Version 3A [31]. 

QTL analyses. QTL analyses were performed 
using various functions in MapQTL 6 [32] based 
on log-transformed mean values over the three bio-
logical replicates. Both chromosomewide and ge-
nomewide LOD significance thresholds at P = 0.05 
were estimated by the permutation test [33], with 
at least 1,000 permutations. For estimating single 
marker influence, the Kruskal-Wallis rank-sum 
test was performed for each locus separately us-
ing original non-transformed mean values of each 
trait. QTLs were detected using the mixture mod-
el option for multiple-QTL models (MQM) that 
conduct a genomewide one-dimensional search for 
segregating QTLs while simultaneously fitting the 
selected cofactors [34]; a single segregating QTL 
was fitted in the background of cofactors. Cofactors 
were chosen by backward selection using the auto-
matic cofactor selection (ACS) option. QTLs were 
considered significant if their LOD scores reached 
only a genomewide level of significance, and they 
were designated according to [35]. QTL intervals 
and graphs were drawn using MapChart 2.2 [36].

Results. Genetic linkage mapping. Genetic map-
ping of the C. olitorius RIL6 population using 83 
(1 locus MJM681 unmapped) polymorphic micro-
satellite loci identified seven linkage groups 
(LG1-LG7) that covered a total genetic distance 
of 799.9 cM (Figure). The map was characterized 
by an average marker interval (AMI) of 10.7 cM, 
with 96.9 % of genome within 20 cM to the nea-
rest marker. The longest genetic distance was 
resolved for LG5 (258.1 cM) with an AMI of 
18.4 cM, while the shortest for LG7 (24.8 cM) 
with an AMI of 5.0 cM. The distribution of mar-
kers between the linkage groups was unequal, 
with LG1 having the maximum (16) and LG7 
the minimum (5) number of markers. LG2 to 
LG5 comprised 13–14 markers each. However, 
no relationship could be established between the 
number of markers and the genetic distance co-
vered. With only 7 markers, LG6 covered a gene-

w
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tic distance of 117.7 cM (16.8 cM AMI) that 
nearly corresponds to the genetic distance of LG1 
(118.5 cM) or LG2 (121.1 cM). LG5 and LG6 
were obviously characterized by big gaps, e. g., as 
high as 60.1 cM on LG6 (Figure), which could 
be saturated by increasing the number of micro-
satellite loci. 

Marker segregation distortion. The 83 microsatel-
lite loci used to construct the genetic map rep-
resented 76.8, 17.1, 1.2 and 4.9 % of di-, tri-, 
tetra- and penta-nucleotide motifs, respectively. 
Of the 82 loci eventually mapped, 50 loci (61 %) 
significantly (P  0.05) deviated from the expected 
1:1 Mendelian segregation ratio. Distorted loci we-
re distributed throughout the entire length of the 
genome. The regions of segregation distortion ex-
tended to the complete genetic distance of LG7 
and the majority of the genetic distance of LG2 
(71.4 %) and LG5 (78.6 %). The least segrega-
tion distortion was for LG3 (46.1 %) and LG4 
(38.5 %). Among the distorted loci, 38 loci (76.0 %) 
skewed towards the female parent, while 12 loci 
(24 %) towards the male parent. The genomic 

regions or linkage groups were distinguished by 
a distinct pattern in the direction of segregation 
distortion. All distorted loci on LG1, LG5, LG6 
and LG7 skewed in favor of the female alleles and 
those on LG3 in favor of the male alleles. The ma-
jority of the distorted loci on LG2 (80 %) skewed 
in favor of the female alleles, whereas the segrega-
tion distortion was more or less equi-directional 
on LG4. No specific distribution pattern of the 
distorted loci was observed on the map, except 
on LG3 and LG6 where the distorted loci for-
med clusters at the distal ends of the genetic 
distance.

Phenotypic variation. The phenotypic values for 
bast fibre traits and yield components of the RIL6 
population are shown in the Table 1. Analyses of 
variance showed significant variation (P  0.001) 
among RILs for all traits, with minimum variation 
observed for PH and SDB as evident from ranges 
and coefficients of variation (data not shown). All 
traits had absolute skewness values around or less 
than 1. However, the absolute values of kurtosis for 
SDB, SDM, FF, FY and TS were greater than one. 

A microsatellite-based genetic recombination map of Corchorus olitorius JRO 524 × PPO4 F6 recombinant inbred 
lines. Genetic distances of markers are shown in centiMorgan (cM)
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Heritability estimates were moderately high for all 
traits, with FF showing the least. Spearman’s rank 
correlations, presented in Table 2, showed that 
bast fibre yield had significant (P  0.001) positive 
associations with all yield components, particularly 
PH, SDB, GBY and WY. Between the two fibre 
quality traits, TS had significant (P  0.05) positive 
correlations only with SDB and FY. However, no 
significant (P  0.05) correlations were present 
between FF and the other traits. 

QTL mapping. A total of 26 ‘definitive QTLs’ 
(genomewide LOD ~  2.5 estimated for all char-
acters by the permutation test) was detected; how-
ever, ‘suggestive QTLs’ with chromosomewide sig-
nificant LOD scores (~  1.7) were ignored. Their 
summary statistics are shown in Table 3. For FY, 
two QTLs were identified, and their peaks were 
associated with the MJM650 and MJM602 regions 
of LG1 and LG4, respectively. Together, they ex-
plained 21.2 % of the phenotypic variation, and 

Table 1 
Phenotypic values for bast fibre quality traits, yield and yield components 
of Corchorus olitorius JRO 524 × PPO4 RIL6 mapping population

Note. ANOVAs show significant (P  0.001) differences between the RILs for all traits. Values within parenthesis 
represent magnitudes based on log-transformed phenotypic data used for QTL analysis. 

Trait Mean ± SD Min Max Skewness Kurtosis h2

Minimum magnitude of 
additive QTL effect to explain 

phenotypic variance

> 5 % > 10 %

Fibre fineness
Fibre yield
Green biomass yield
Number of nodes
Plant height
Stem diameter base
Stem diameter mid
Stem diameter top
Tensile strength
Wood yield

2.34 ± 0.23
 15.92 ± 4.33
209.76 ± 54.90
69.05 ± 6.43

337.50 ± 23.68
   1.55 ± 0.18

1.24 ± 0.13
0.30 ± 0.05

19.91 ± 2.84
 32.99 ± 10.27

1.70
5.40

78.60
51.90

253.70
1.10
0.70
0.20

14.40
10.80

3.20
31.90

350.10
84.80

398.60
2.30
1.60
0.50

29.20
63.00

0.57
0.31
0.06

–0.32
–0.21

0.93
–0.26

0.87
0.85
0.52

1.31
1.25
0.20

–0.27
0.94
1.51
1.11
0.31
1.14
0.57

0.57
0.67
0.67
0.65
0.65
0.65
0.59
0.64
0.66
0.67

0.07 (0.01)
1.37 (0.04)

17.36 (0.04)
2.03 (0.01)
7.49 (0.01)
0.06 (0.01)
0.04 (0.01)
0.02 (0.01)

0.897 (0.02)
3.25 (0.04)

0.10 (0.01)
1.94 (0.06)

24.55 (0.06)
2.88 (0.02)

10.59 (0.01)
0.08 (0.01)
0.06 (0.01)
0.02 (0.01)
1.27 (0.03)
4.59 (0.06)

Table 2 
Associations among bast fibre quality traits, yield and yield components 
in Corchorus olitorius JRO 524 × PPO4 RIL6 mapping population

Note. Non-parametric Spearman’s rank correlations were used to estimate trait associations. *, ** and ns = significant 
at P  0.05, 0.01 and non-significant at P  0.05, respectively. n–1 = 120–2 = 118 d. f.

Trait
Plant 
height

Stem 
diameter 

base

Stem 
diameter 

mid

Stem dia-
meter 
top

Number 
of nodes

Wood 
yield

Fibre 
yield

Tensile 
strength

Fibre 
fineness

Green biomass yield
Plant height
Stem diameter base
Stem diameter mid
Stem diameter top
Number of nodes
Wood yield
Fibre yield
Tensile strength

0.753** 0.787**
0.569**

0.807**
0.682**
0.823**

0.396**
0.334**
0.263**
0.322**

0.619**
0.776**
0.410**
0.577**
0.307**

0.873**
0.747**
0.677**
0.744**
0.384**
0.666**

0.803**
0.723**
0.670**
0.658**
0.339**
0.578**
0.871**

0.172ns

0.147ns

0.206*
0.070ns

0.014ns

0.134ns

0.169ns

0.228**

–0.157ns

–0.140ns

–0.146ns

–0.117ns

–0.047ns

–0.067ns

–0.114ns

–0.115ns

–0.050ns
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increased FY was conferred by the allele from 
the higher fibre-yield female parent. Only a single 
QTL for TS was detected at the MJM644 region 
of LG1. It explained 11.0 % of the observed varia-
tion, and increased TS was conferred by the male 
(high TS) allele. A total of four QTLs was identified 
for FF. The peaks of the two associated with the 
MJM566 and MJM635 regions of LG2 and LG5 
explained 9.2 and 8.1% of the phenotypic variation, 
respectively. Increased FF (lower tex value) was 
conferred by the female (coarse fibre) allele at these 

two loci. The two most significant FF QTLs were 
located at the distal end of LG3. They were linked 
in the coupling phase and together explained 32.4 % 
of the observed variation. At qFF-l3-2, increased FF 
was conferred by the male (fine fibre) allele. 

Among the bast fibre yield components, maxi-
mum QTLs were detected for PH and SDT follo-
wed by SDB and WY. Increased PH was conferred 
by the female (taller) allele at three loci (LGs 1, 2 
and 5) and the male (shorter) allele at one locus 
(LG7). The qPH-l7 accounted for 11.8 %, while to-

Table 3
Summary statistics for quantitative trait loci (QTLs) of bast fibre quality traits, yield and yield 
components detected in Corchorus olitorius JRO 524 × PPO4 RIL6 mapping population

Note. The percentage of the phenotypic variance explained by a QTL (R2) was estimated at the highest probability 
peak. Positive additive value indicates that JRO 524 alleles at that marker increase the trait value, while negative 
additive value indicates that PPO4 alleles increase the trait value.

Trait QTL Nearest marker
Linkage 
group

Position 
(cM)

LOD score R2 (%)
Additive 
effect

Bast fibre quality traits and yield

Fibre fineness

Fibre yield

Tensile strength 

qFF-l2
qFF-l3-1
qFF-l3-2
qFF-l5

qFY-l1
qFY-l4

qTS-l1

MJM566
MJM722
MJM667
MJM635

MJM650
MJM602

MJM644

2
3
3
5

1
4

1

100.704
58.707
69.961

199.889

37.572
89.675

0.000

3.15
5.07
4.48
2.68

3.74
2.83

3.00

9.2
19.2
13.2
8.1

12.2
9.0

11.0

–0.0095
–0.0191

0.0157
–0.0086

0.0583
0.0400

–0.0266

Bast fibre yield components

Green biomass 
yield

Number of nodes

Plant height

Stem diameter base

Stem diameter mid

Stem diameter top

Wood yield

qGBY-l2
qGBY-l4

qNN-l1

qPH-l1
qPH-l2
qPH-l5
qPH-l7

qSDB-l1
qSDB-l2
qSDB-l7

qSDM-l3
qSDM-l7

qSDT-l1
qSDT-l3-1
qSDT-l3-2
qSDT-l5

qWY-l1
qWY-l4
qWY-l5

MJM581
MJM602

MJM679

MJM679
MJM536
MJM635
MJM305

MJM650
MJM581
MJM305

MJM722
MJM500

MJM679
MJM513
MJM722
MJM668

MJM650
MJM602
MJM663

2
4

1

1
2
5
7

1
2
7

3
7

1
3
3
5

1
4
5

113.031
89.675

81.188

79.188
93.968

201.345
4.000

39.572
111.031

5.290

60.478
16.058

79.188
27.885
60.478

217.152

37.572
89.675

192.744

3.93
3.13

3.90

3.13
2.88
2.53
3.40

3.19
4.36
2.66

3.71
3.78

2.90
2.61
3.98
3.14

2.77
2.91
4.20

21.5
9.9

16.6

8.3
8.6
6.7

11.8

8.9
12.0
7.3

10.8
12.7

9.3
7.9

11.3
12.0

7.8
8.2

25.0

–0.0787
0.0411

0.0174

0.0098
0.0136
0.0088

–0.0198

0.0172
–0.0209
–0.0154

0.0130
–0.0099

0.0056
0.0071
0.0087

–0.0061

0.0442
0.0426
0.0959



9ISSN 0564–3783. Öèòîëîãèÿ è ãåíåòèêà. 2013. Ò. 47. ¹ 3

A complete genetic linkage map and QTL analyses for bast fibre quality traits

gether the other three accounted for 23.6 % of the 
phenotypic variation. Of the three SDB QTLs, the 
most significant one was flanked by MJM581 and 
MJM617 at the distal end of LG2 and explained 
12.0 % of the observed variation. Increased SDB was 
conferred by the female allele at one locus (LG1) 
and the male allele at two loci (LGs 2 and 7). Only 
one QTL for NN was detected at the MJM679 
region of LG1 that explained 16.6 % of the phe-
notypic variation; increased NN was conferred by 
the female allele. 

Two QTLs were detected for SDM on LGs 3 
and 7, which together accounted for 23.5 % of the 
phenotypic variation. Increased SDM was conferred 
by the female and male alleles at respective loci 
of LG3 and LG7, respectively. Four SDT QTLs 
were detected, and together they explained 40.5 % 
of the observed variation. Increased SDT was 
conferred by the female allele at three loci (LGs 1 
and 3) and by the male allele at one locus (LG5). 
The three WY QTLs were located at the MJM650, 
MJM602 and MJM663 regions of LGs 1, 4 and 
5, respectively, and together they explained 41 % 
of the phenotypic variation. Increased WY was 
conferred by the female allele at all the three 
loci. The two GBY QTLs were associated with 
the MJM581 and MJM602 regions of LGs 2 and 
4, respectively, which explained 31.4 % of the 
phenotypic variation; the former had negative and 
the latter positive additive effects. 

Discussion. Ours is the first microsatellite ge-
netic map of jute with a complete coverage of the 
genome in agreement with the haploid number of 
chromosomes. This framework map is likely to be 
a good starting point for further genome analyses in 
jute. All previous mapping efforts in jute could co-
alesce only 2–3 linkage groups, with a total genetic 
distance of as low as 87.3 cM [21] and as high as 
463.7 [22] to 628.4 cM [23]. Recently, Das et al. 
[24] have mapped 36 microsatellite loci on six link-
age groups that covered a total genetic distance of 
784.5 cM, with an AMI of 21.8 cM. Although no 
microsatellite loci were common between the two 
maps and altogether different mapping algorithms 
were used to construct them, the total length of our 
genomewide genetic map (799.9 cM) is commen-
surate with that of Das et al. [24]. This shows the 
accuracy and reliability of the present map. Since 
a stringent grouping algorithm in combination with 
cross-linkage validation of the loci was employed 

in the present map, we have been unsuccessful in 
saturating it with the 36 loci of Das et al. [24] in 
JoinMap 4. Nevertheless, additional markers are 
required to enrich it, particularly to bridge the gaps 
on LG5 and LG6.   

Despite the recent availability of a large number 
of microsatellites [17, 18], jute is characterized by 
relatively fewer alleles at each microsatellite locus, 
with unexpectedly low polymorphism information 
content [17]. This in combination with an inher-
ently narrow genetic base [14] limits the usefulness 
of microsatellites in constructing a high-density ge-
netic map in jute. In the present study, only 20.6 % 
of microsatellite loci were polymorphic between 
the two parents, even though they were phenotypi-
cally distinct. Surprisingly, the same level of pa-
rental polymorphism was reported by Das et al. 
[24] using an entirely different set of microsatellite 
markers. Expressed sequence tag (EST)-SSR and 
genomewide or candidate-gene single nucleotide 
polymorphism (SNP) markers can be used to satu-
rate the present map resulting in a denser genetic 
map with potential functional association [37].

In our study, an unusually high degree of mark-
er segregation distortion was observed, which was 
slightly lower than that reported by Das et al. [24]. 
Segregation distortions are widespread in inter-
specific [38] as well as intraspecific crosses [39] 
commonly used to construct mapping populations 
[40]. What was, however, interesting in our study 
was the observation that segregation distortion was 
much more skewed towards the female (76 %) than 
the male (24 %) parent. Our results are consis-
tent with that of a recent report in kenaf, where 
68.8 % of the distorted loci skewed towards the 
female parent [41]. Since megasporocytes are 
more tolerant of genetic imbalance than micro-
sporocytes, some sorts of gametic selection occur 
in favor of the female gametes. Thus the apparent 
marker-segregation distortion is, in fact, a reflec-
tion of the segregation distortion of the gametes 
or zygotes passing to the F2 progenies [42]. Inter-
estingly, in jute, a skewed distribution of the re-
combinant types towards the female parent in F2 
and F3 is a common phenomenon [43, 44]. This 
could well explain the basis of a rather high level of 
marker segregation distortion in our study and that 
in Das et al. [24]. Nevertheless, the distorted mic-
rosatellite loci did not influence the map order or 
statistical confidence in any of the linkage groups 
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when mapped together with the neighboring nor-
mally segregating loci, in accordance with results 
obtained in other crops [41, 45]. 

Despite the fact that the RIL population was 
primarily developed for mapping bast fibre quality 
traits, we observed wide variation among the RILs 
for bast fibre yield and yield-related traits. Trans-
gressive segregation was observed for some of the 
important traits like FY, PH and TS, but not for 
FF despite its being the most distinguishing trait 
between the two parents of the mapping popula-
tion. However, for cotton, transgressive segregation 
was reported not only for fibre yield and yield com-
ponents [46], but also for fibre quality traits [47] 
including fibre fineness [48]. This reveals a restrict-
ed scope for fibre-fineness improvement in jute 
through selection for transgressive segregants in the 
progenies of a specific cross, besides confirming the 
complexity of this trait in agreement with results 
from classical genetical studies [7]. This is rather 
obvious because jute fibre, as opposed to purely 
cellulosic seed trichomes (fibres) of cotton, repre-
sents a composite of ligno-cellulosic phloem-fibre 
cell bundles, the fineness of which is controlled by 
several factors and their coordination [49] includ-
ing the post-harvest retting process [1, 6].

Our genomewide QTL search could detect fewer 
number of QTLs than that reported by Das et al. 
[24]. This is not unexpected because we did consider 
only the definitive QTLs, whereas Das et al. [24] 
not only employed a less restrictive threshold 
(LOD > 2.0), but also considered suggestive QTLs 
(LOD < 2.0). The 26 QTLs were distributed on six 
linkage groups at genomic regions specified by 15 
nearest-neighbor markers. The LG1 represented the 
QTL-richest map-sector because 7 QTLs for the most 
important FY and yield components (PH, NN, SDB, 
SDT and WY) including TS were co-localized on 
it at genomic regions specified by only three mark-
ers MJM644, MHM650 and MJM679. This vindi-
cates not only a classical genetic basis of selection 
in jute for bast fibre yield based on these correlated 
traits [3, 7, 17], but also a significant association 
between FY and TS, as observed in this study. Fur-
thermore, a QTL of FY was co-localized on LG4 
with those of GBY and WY at the MJM602 region. 
Most interestingly, in continuation of what we have 
discussed in the preceding paragraph, a QTL of FF 
was co-localized with those of PH, SDB and WY at 
the distal end of LG2 bracketed by three markers, 

and another on LG5 with that of PH at the speci-
fied genomic region. Such co-localized QTL clus-
ters have been reported in a number of crop species 
[50–53]. However, QTL fine-mapping could settle 
as to whether these co-localized QTL-clusters en-
tail numerous tightly-linked QTLs or a pleiotropic 
QTL, for different traits.

Alleles from the male (PPO4) and female
(JRO 524) parents increased trait values at 10 
and 16 loci, respectively. All favorable QTLs for 
FY and yield-attributing traits of LG1 and LG4 
clusters were derived from the expected female 
parent, suggesting a scope for parallel improve-
ment of these traits based on these co-localized 
QTLs because the desirable alleles are contributed 
by a single parent [52, 54]. Incidentally, this female 
parent has been extensively used over the years to 
breed improved dark jute varieties since its release 
in 1977 [3]. Between the two bast fibre quality 
traits, the sole QTL for TS was derived from the 
expected male parent, however, an appreciable ex-
ception was observed for FF. Of the four favorable 
FF QTLs, three were derived from the coarse-fibre 
female parent, not from the desired fine-fibre male 
parent. Increased fibre fineness (low micronaire 
value) in cotton was also reported to be partly con-
ferred by the undesirable female parent than by the 
desirable male parent [55, 56], presumably due to 
the creation of new gene combinations [55]. The 
male parent of our mapping population was a se-
lection from OIJ 136, an exotic type from Tanza-
nia, while the female parent was the derivative of a 
cross from Sudan Green (an exotic type from Su-
dan) with JRO 632, a selection from an indigenous 
type [3]. Therefore, the possibility of the creation 
of new gene combinations in the RIL population 
cannot be ruled out.

In conclusion, our study initiates the first ge-
nomewide QTL mapping in jute using a micro-
satellite genetic map based on an RIL population 
from a cross between two phenotypically distinct 
and geographically divergent parental genotypes. 
We could reliably dissect the genetic basis of bast 
fibre quality traits, yield and yield components. 
However, there is a need to validate these QTLs, 
particularly those of bast fibre quality traits, in ad-
ditional populations across environments. It is ex-
pected that variability in the number and locations 
of QTLs for these traits will be observed in different 
environments. Notwithstanding, our results would 
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not only facilitate the use of trait-linked microsat-
ellite markers in MAS for concurrent improvement 
of a number of traits, but also accelerate the genet-
ic dissection of bast fibre development mechanisms 
in jute. Recent results from our laboratory show 
that fibre fineness in jute is conditioned by the ar-
chitecture of the mostly triangular fibre cell bundle 
wedges (FCBs), which is governed by a balanced 
growth between radially elongating FCBs and tan-
gentially expanding ray cells due to development-
specific activation of the cambium [57]. QTL map-
ping for some of these important anatomical traits 
and cambial function will be highly rewarding in 
future, for understanding the complex genetics of 
fibre fineness and accelerating the development of 
jute cultivars with improved fibre fineness.
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ÏÎËÍÀß ÊÀÐÒÀ ÑÖÅÏËÅÍÈß ÃÅÍÅÒÈ×ÅÑÊÈÕ 
ÏÐÈÇÍÀÊÎÂ È QTL ÀÍÀËÈÇ ÏÐÈÇÍÀÊÎÂ 
ÊÀ×ÅÑÒÂÀ ÂÎËÎÊÍÀ, ÓÐÎÆÀÉÍÎÑÒÈ 
È ÝÓÊÎÌÏÎÍÅÍÒÎÂ Ó ÄÆÓÒÀ
(CORCHORUS OLITORIUS L.)

Âïåðâûå ïðèâîäèòñÿ ïîëíàÿ ãåíåòè÷åñêàÿ êàðòà 
ìèêðîñàòåëëèòîâ äæóòà (Corchorus olitorius L.; 2n = 
= 2x = 14), ïîëó÷åííàÿ ñ ïîìîùüþ ðåêîìáèíàíò-
íîé èíáðåäíîé ïîïóëÿöèè F6. Èç èçó÷åííûõ 403 
ìèêðîñàòåëëèòíûõ ìàðêåðîâ 82 áûëè êàðòèðîâàíû 
â ñåìè ãðóïïàõ ñöåïëåíèÿ, êîòîðûå â öåëîì çàíè-
ìàþò ãåíåòè÷åñêóþ äèñòàíöèþ â 799.9 cM ñî ñðåä-
íèì èíòåðâàëîì ìåæäó ìàðêåðàìè 10.7 cM. Ïî ãå-
íåòè÷åñêîé äèñòàíöèè ñàìîé äëèííîé áûëà ãðóïïà 
ñöåïëåíèÿ 5, ñàìîé êîðîòêîé ãðóïïà 7, â òî âðåìÿ 
êàê ìàêñèìàëüíîå ÷èñëî ìàðêåðîâ èìåëà ãðóïïà 1, 
à ìèíèìàëüíîå – ãðóïïà 7. Äëÿ 61 % ìèêðîñàòåë-
ëèòíûõ ëîêóñîâ íàáëþäàëè íàðóøåíèå ðàñùåïëå-
íèÿ, â 76 % ñëó÷àåâ ïðåèìóùåñòâî ïðè ïåðåäà÷å 
èìåë àëëåëü ìàòåðèíñêîãî îðãàíèçìà. Ãåíîìíûé 
íåïàðàìåòðè÷åñêèé îäíîìàðêåðíûé àíàëèç â êîì-
áèíàöèè ñ ìîäåëüþ ìíîæåñòâåííûõ QTL êàðòèðî-
âàë 26 ëîêóñîâ, îòâå÷àþùèõ çà êà÷åñòâî ëóáÿíî-
ãî âîëîêíà, óðîæàéíîñòü è ïðèçíàêè, ñâÿçàííûå ñ 
óðîæàéíîñòüþ. Îíè íåðàâíîìåðíî ðàñïðåäåëåíû â 
øåñòè ãðóïïàõ ñöåïëåíèÿ êàê êî-ëîêàëèçîâàííûå 
êëàñòåðû â ãåíåòè÷åñêèõ ñåêòîðàõ, ìàðêèðîâàííûõ 

15 ìèêðîñàòåëëèòíûìè ëîêóñàìè. Ãðóïïà ñöåïëåíèÿ 
1 áûëà ñåêòîðîì, íàèáîëåå îáîãàùåííûì QTL, ñ 
ïëîòíî ðàñïîëîæåííûìè êëàñòåðàìè QTL, îòâå÷à-
þùèìè çà âûõîä âîëîêíà, è çà ïðèçíàêè, ñâÿçàííûå 
ñ óðîæàéíîñòüþ è ïðî÷íîñòüþ. Êàê è îæèäàëîñü, â 
ðåçóëüòàòå âîçíèêíîâåíèÿ íîâûõ êîìáèíàöèé ãåíîâ 
îò ñîîòâåòñòâóþùèõ ðîäèòåëåé ïîëó÷åíû ñî÷åòàíèÿ
áëàãîïðèÿòíûõ ëîêóñîâ, çà èñêëþ÷åíèåì ïî÷òè âñåõ
ëîêóñîâ, îïðåäåëÿþùèõ òîíêîñòü âîëîêíà. Ðåçóëüòà-
òû ÿâëÿþòñÿ õîðîøåé îñíîâîé äëÿ äàëüíåéøåãî àíà-
ëèçà ãåíîìà äæóòà.
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ÏÎÂÍÀ ÊÀÐÒÀ Ç×ÅÏËÅÍÍß ÃÅÍÅÒÈ×ÍÈÕ 
ÎÇÍÀÊ ² QTL ÀÍÀË²Ç ÎÇÍÀÊ ßÊÎÑÒ² ÂÎËÎÊÍÀ, 
ÂÐÎÆÀÉÍÎÑÒ² ÒÀ ÅÓÊÎÌÏÎÍÅÍÒ²Â 
Ó ÄÆÓÒÀ(CORCHORUS OLITORIUS L.)

Âïåðøå íàâîäèòüñÿ ïîâíà ãåíåòè÷íà êàðòà ì³êðî-
ñàòåë³ò³â äæóòó (Corchorus olitorius L.; 2n = 2x = 14), 
îòðèìàíà çà äîïîìîãîþ ðåêîìá³íàíòíî¿ èíáðåäíî¿ 
ïîïóëÿö³¿ F6. Ç 403 âèâ÷åíèõ ì³êðîñàòåë³òíèõ ìàð-
êåð³â 82 áóëè êàðòîâàí³ â ñåìè ãðóïàõ ç÷åïëåí-
íÿ, ÿê³ â ö³ëîìó çàéìàþòü ãåíåòè÷íó äèñòàíö³þ â 
799.9 cM ³ç ñåðåäí³ì ³íòåðâàëîì ì³æ ìàðêåðàìè 
10.7 cM. Çà ãåíåòè÷íî¿ äèñòàíö³¿ íàéäîâøîþ áóëà 
ãðóïà ç÷åïëåííÿ 5, íàéêîðîòøîþ ãðóïà 7, â òîé ÷àñ 
ÿê ìàêñèìàëüíå ÷èñëî ìàðêåð³â ìàëà ãðóïà 1, à 
ì³í³ìàëüíå – ãðóïà 7. Äëÿ 61 % ì³êðîñàòåë³òíèõ ëî-
êóñ³â ñïîñòåð³ãàëè ïîðóøåííÿ ðîçùåïëåííÿ, â 76 %
âèïàäê³â ïåðåâàãà ïðè ïåðåäà÷³ ìàâ àëåëü ìàòå-
ðèíñüêîãî îðãàí³çìó. Ãåíîìíèé íåïàðàìåòðè÷íèé 
îäíîìàðêåðíèé àíàë³ç â êîìá³íàö³¿ ç ìîäåëëþ
ìíîæèííèõ QTL êàðòóâàâ 26 ëîêóñ³â, ùî â³äïîâ³-
äàþòü çà ÿê³ñòü ëóá’ÿíîãî âîëîêíà, âðîæàéí³ñòü ³ 
îçíàêè, ïîâ’ÿçàí³ ç óðîæàéí³ñòþ. Âîíè íåð³âíîì³ðíî 
ðîçïîä³ëåí³ â øåñòè ãðóïàõ ç÷åïëåííÿ ÿê êî-ëîêà-
ë³çîâàí³ êëàñòåðè â ãåíåòè÷íèõ ñåêòîðàõ, ìàðêî-
âàíèõ 15 ì³êðîñàòåë³òíèìè ëîêóñàìè. Ãðóïà ç÷åï-
ëåííÿ 1 áóëà ñåêòîðîì, íàéá³ëüø çáàãà÷åíèì QTL, 
ç ù³ëüíî ðîçòàøîâàíèìè êëàñòåðàìè QTL, ùî â³ä-
ïîâ³äàþòü çà âèõ³ä âîëîêíà, òà çà îçíàêè, ïîâ’ÿçàí³
ç âðîæàéí³ñòþ ³ ì³öí³ñòþ. ßê ³ î÷³êóâàëîñÿ, â ðå-
çóëüòàò³ âèíèêíåííÿ íîâèõ êîìá³íàö³é ãåí³â â³ä 
â³äïîâ³äíèõ áàòüê³â áóëè îòðèìàí³ ïîºäíàííÿ ñïðèÿò-
ëèâèõ ëîêóñ³â, çà âèíÿòêîì ìàéæå âñ³õ ëîêóñ³â, ùî 
âèçíà÷àþòü òîíê³ñòü âîëîêíà. Ðåçóëüòàòè º õîðîøîþ 
îñíîâîþ äëÿ ïîäàëüøîãî àíàë³çó ãåíîìó äæóòó.
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