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Molecular diversity and segregation distortion measured by SSR
markers in a new plant type based recombinant inbred line population
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Abstract

A mapping population of 310 F; recombinant inbred lines
(RILs) developed by crossing a new plant type derivative,
Pusa1266 with Jaya was used for construction of linkage
map and dissection of its genome for heterozygosity and
segregation distortion by using SSR (Simple Sequence
Repeat) markers. A set of 162 polymorphic markers
between parents were utilized to genotype entire RIL
population. Twenty three markers (14.20%) showed
significant segregation distortion from expected 1:1
segregation ratio. A linkage map was constructed with
126 markers on 12 chromosomes representing total map
length of 2023.1 cM with an average marker interval of
19.64 cM. Out of 310 RiLs, 7 lines (2.3%) were highly
skewed towards Pusa1266 and 6 lines (1.9%) towards Jaya.
Heterozygosity was absent at 42 marker loci, moderate at
37 marker loci and high at 47 marker loci. The regions
with higher average rate of recombination were observed
on long arm of chromosome 3, 5, 6, 7, 8 and 10. The
population had an average genome content of 46.7% of
Pusa1266 and 49.3% of Jaya. The Pusa1266 x Jaya RIL
population was found to be a good mapping population
characterized by almost equal average genomic content
of both parents, relatively low frequencies of
heterozygosity and low percentage of skewed markers will
facilitate molecular mapping of QTLs for the agronomic
traits segregating in this population.
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Introduction

DNA markers arise from different classes of DNA
mutations such as deletion, base substitution,
rearrangements or errors in replication of tandemly
repeated DNA. Among various DNA based markers,

the microsatellite markers are particularly preferred in
crop plants, as these are PCR based, genetically co-
dominant, robust, reproducible, hypervariable,
informative and relatively easy to use [1]. The
construction of molecular map in rice paved the way for
mapping rice genes on to specific locations on rice
chromosomes. A number of workers have mapped micro
satellite markers in rice [2-8]. The availability of rice
genomic sequence database has offered new
opportunities for high-resolution genetic analysis. A total
of 18,828 Class | di-, tri- and tetra-nucleotide SSRs,
representing 47 distinct motif families, were identified
and annotated on the rice genome [9]. The sequence
information and map positions of SSRs are available at
<www.gramene.orgs>.

Construction of genetic linkage map is the primary
step for molecular mapping of chromosomal regions
influencing quantitative traits. However, the precision
of mapping is greatly influenced by degree of
segregation distortion and the extent of residual
heterozygosity in a mapping population.

In an attempt to break the genetic ceiling to yield
in rice, New Plant Types (NPT) from indica x japonica
were conceptualized to increase both biomass (up to
23 tons/ha) and harvest index (up to 0.55) by developing
a plant with attributes like moderate tillering ability, no
unproductive tillers, more grains per panicle (200-250),
semi dwarf stature with sturdy stems, dark green thick
erect leaves and thicker and deeper roots [10].
Development of Recombinant Inbred Line (RIL)
populations from genotypes derived from indica x
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Jjaponica would be useful in identifying chromosomal
regions influencing new plant type traits. A RIL
consisting of 310 lines (F7) has developed by crossing
cv.Pusa1266, a new plant type derivative from indica x
japonica with cv.Jaya, an indica variety [11].

The present study was undertaken with a view to
constructing a molecular genetic linkage map using this
RIL and SSR markers and to estimate heterozygosity,
segregation distortion and relative genome composition
of RIL population for further utilization of this population
for QTL mapping and fine mapping.

Materials and methods

The plant material consisted of the 310-line RIL
population mentioned above. DNA was isolated by
CTAB (Cetyl- Tetra Methyl Ammonium Bromide) method
[12] and quantified by using gel electrophoresis in 0.8%
agarose gel in 0.5 X TAE buffer along with known
concentrations of genomic DNA as standard. The PCR
reactions were carried out in 96-well PCR plates
obtained from Axygen Scientific Inc., Union city CA,
USA. The master mix consisted of 25 ng of genomic
DNA, 0.2 U of Tag DNA polymerase, 1x PCR assay
buffer with 1.5 mM MgCl,, 12 ng (1.8 picomole) each of
forward and reverse primer and 200 uM of dNTP mix in
a 10 pl reaction volume. The reaction mix was prepared
on ice and the PCR plate was immediately loaded in
the thermal cycler (Eppendorf, Biometra or Applied
Biosystems USA) for PCR using conditions of (1) initial
denaturation at 94°C for 5 min; (2) 35 cycles of 94°C
for 1 min, 55-60°C (depending on marker) for 1 min;
72°C for 2 min; (3) final extension at 72°C for 5 min.
The PCR products were separated in 3% MetaPhor®
agarose gel.

A set of 1063 markers comprising 521 Rice
Microsatellite (RM), 139 Genic Non Coding Microsatellite
(GNMS), 388 Hypervariable Simple Sequence Repeat
(HVSSR) and 15 gene based markers were used for
studying polymorphism between Pusa1266 and Jaya.
The primer sequences for RM series markers were
obtained from the gramene SSR marker web resource
(www.gramene.org), GNMS markers from Parida et al.
[13] and HvSSR markers from Harvinder et al. [14]. A
set of 15 gene based primers were designed using the
sequences of cloned genes for yield and yield related
traits. The genotyping of the RILs was carried out with
162 polymorphic markers, providing genome wide
coverage. The Banding pattern of each marker was
recorded for each genotype. SSR allele size was
determined depending on the position of band relative
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to the ladder.

The population xz test was performed to test
the deviation of the segregation pattern at each marker
locus from the expected Mendelian segregation ratio of
1:1 in the RIL population. The markers showing
significant deviation from the expected ratio (i.e.,
distorted segregation) were not used for linkage map
construction. MAPMAKER/EXP software version 3.0
[15] was used to construct the genetic linkage map. A
LOD score of 3.0 and a maximum distance of 47.5 cM
were used to establish linkage between two markers.
After determination of linkage groups and the correct
linear arrangement of marker loci along the
chromosomes, recombination frequencies between
pairs of marker loci were estimated by using the
Kosambi mapping function for conversion of
recombination frequencies into genetic distances (in
cM). The open-source software GGT 2.0 [16] available
at site  http://www.plantbreeding.wur.nl/UK/
software_ggt.html was used to visualize the
chromosomal maps of different RILs, for calculation of
parental genome content of RILs, sorting of RILs based
on parental genome and heterozygosity content. Cluster
analysis of 310 RILs was done using UPGMA method
based on Nei’s genetic distance. The dendrogram was
obtained by Tree view software and represented in the
form of a curvogram.

Results and discussion

Out of the 1063 SSR markers used for polymorphism
survey, 350 markers were found to be polymorphic
between parental lines Pusa1266 and Jaya. The number
of polymorphic markers per chromosome ranged from
63 markers on chromosome 3 to 17 markers on
chromosome 12. Among the 12 chromosomes,
chromosome 3 showed the highest percentage of
polymorphism (48.09%) followed by chromosome 4
(43.48%) and it was minimum in chromosome 5
(23.81%). Out of the 350 polymorphic markers, 162
markers providing genome wide coverage were used
for genotyping the entire RIL population (Table 1).
Among 162 markers, the maximum (22) were present
on chromosome 3 followed by 18 markers on
chromosome 7 and the minimum number of markers
(7) were present on chromosome 10. PCR product sizes
of these markers ranged from 100 to 370 base pairs.

Based on x2 test, a total of 23 markers (14.20%)
out of the 162 showed segregation distortion. Of these
23 markers, 7 were skewed towards Pusa1266 and 16
were skewed towards Jaya. The number of markers that
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Table 1. Chromosome wise list of total number of markers screened, number of polymorphic markers identified, per cent
polymorphism, number of markers used for genotypic RILs and name of markers

Chro Total No. of poly % No of Polymorphic markers
No markers  markers Poly- markers
tested morphism genotyped

1 126 34 26.98 16 RM495, RM1282, RM220, RGNMS114, RGNMS3879, RM493,
RGNMS190, RM24, RM129, RGNMS239, RM237, RM302,
RM212, RM5389, RM5310, RM6141

2 113 43 38.05 13 RM3732, RM7144, RM324, RM1178, RM1211, RM561, RM262,
RM106, RGNMS813, RGNMS3876, RGNMS867, RM213, RM482

3 131 63 48.09 22 RGNMS1289, RM569, RM5474, RM489, RM3766, RM218,
RM157A, RM1256, RGNMS3875, RGNMS3880, RM7,
RGNMS1140, GS3, RM15283, RM251, RM3698, RM16, RM6266,
RM168, RM55, RM570, RGNMS1135

4 69 30 43.48 14 RM551, RM16569, RM16553, RM307, RM401, RM273, RM241,
HV4-21, RGNMS1539, RM3276, RM5709, RM1112, RM315

5 84 20 23.81 9 RM1182, RM159, RGNMS1776, RM413, RGNMS1826, RM18222,
HV5-39, RGNMS1958, HV5-70

6 102 26 25.49 14 RM6273, RM190, RM204, RGNMS2200, RGNMS2220,
RGNMS3878, RGNMS2238, RM3827, RGNMS2303, RM528,
RM439, HV6-74, RM412, RM94

7 67 28 41.79 18 HV7-02, RM5344, RM5711, RM7121, RGNMS2453, RM21345,
RM5499, RM214, HV7-31, RM70, RM1135, RM432, RM560,
RM336, RM1132, RM505, RM429, RM3555

8 93 24 25.81 11 RM408, RM152, RM25, RM544, RGNMS2765, RGNMS2766,
RGNMS2800, RGNMS2825, HV8-47, RGNMS2921, RM447

9 67 21 31.34 13 RM285, RM5688, RM219, RM6920, RGNMS3037, RM524,
RM24233, RM257, RM6570, RM242, RM278, RM160, RM201

10 70 20 28.57 7 RM274, RM222, RM5348, RGNMS3250, HV10-29, RM171,
RM591

11 71 24 33.80 14 RGNMS3575, RM1812, HV11-13, RM202, RM26499, RM7226,
RM209, RM21, RM206, RGNMS3577, RGNMS3600,
RGNMS3235, RM144, RGNMS3603

12 70 17 24.29 11 RM19, HV12-11, RGNMS3725, HV12-2, RM1261, RGNMS3766,
RGNMS3781, HV12-41, RM3331, RM1103, RM17

1063 350 32.93 162

showed deviation from the expected 1:1 ratio per
chromosome ranged from a minimum of one marker on
the chromosomes 3, 4, 9 and 12 to a maximum of eight
markers on chromosome 6. None of the markers on the
chromosome 1, 2 and 11showed significant deviation
from expected 1:1 ratio. In the present study, one
segregation distorted region (SDR) was found on
chromosome 6, which was skewed towards Jaya. The
SDRs in the present study revealed that 17 markers in
these regions on chromosome 3, 4, 5, 6 and 7 were the
same regions where gametopytic or sterility loci (ga/S)
have been reported [17]. On chromosome 6 markers

with distorted segregation ratio were distributed all along
length of chromosome including the ga/S loci. On
Chromosome 4, six markers with distorted segregation
were in the region where no such loci were reported
earlier. The probable reason for higher (23) marker
segregation distortion might be because of the RIL
population was derived from the cross indica x japonica.
Xu et al. [17] observed higher number of distorted
markers in RIL population than five different types of
mapping populations derived from a crosses involving
indica/japonica genotypes. Segregation distortion of
markers in RIL populations developed from indica x
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japonica crosses has been reported earlier [18-21]. It is
generally believed that differential gametophytic
selection is responsible for segregation distortion in rice.
For constructing linkage map, the 23 markers showing
segregation distortion and the 13 markers showing
insignificant linkages and high map distances with
adjacent markers were removed from the data set.

The linkage map was developed with 126 markers
distributed among 12 linkage groups spanning a total
length of 2856.8 cM with an average interval of 25.06
cM (Table 2, Fig. 1a, b). The maximum number of
markers (20) were present on chromosome 3 followed
by chromosome 1 (15) and the minimum number of
markers (5) were on chromosome 10. The map length
was maximum (383.8 cM) on chromosome 3 followed
by chromosome 1 (291.5 cM) and chromosome 9 had
minimum map length (127.2 cM) and average marker
interval (12.72 cM). The linkage map has eleven regions
showing gaps on eight chromosomes. Ignoring these
eleven gaps on eight chromosomes, the total map length
was estimated as 2023.1 cM with an average marker
interval of 19.64 cM. The linkage map obtained in the
present study was largely in agreement with the other
published maps in terms of the order of loci.

No linear relationship was found between physical
and genetic distance because the rate of recombination
varied along length of chromosome and from
chromosome to chromosome. The average physical

Table 2. Chromosome wise number of markers, map
length and average marker interval

Chromosome No. of Map length Avg. marker
markers (cM) interval (cM)

1 15 291.5 20.82

2 10 219.0 24.33

3 20 383.8 20.20

4 12 266.1 24.19

5 7 239.6 39.93

6 6 219.8 43.96

7 12 267.6 24.33

8 7 277.8 46.30

9 11 127.2 12.72

10 5 200.1 50.03

11 12 163.5 14.86

12 9 200.8 25.10

Total 126 2856.8 25.06
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length per cM was estimated to be 169.97 Kb for this
population. The average length per cM varied among
12 chromosomes from a minimum of 68.91 Kb on
chromosome 8 to 315.69 Kb on chromosome 4. The
regions with higher average rate of recombination were
observed on long arm of chromosome 3, 5, 6, 7, 8 and
10. The recombination hot spots were also found in
along chromosome length dispersed on all
chromosomes. Genetically close markers may actually
be far apart in terms of base pairs (or vice versa) due to
differences in the frequency of recombination along the
length of a chromosome [22]. Similarly, Amarawathi et
al. [23] reported that two markers each on chromosome
4 and 11 were genetically unlinked but they were
physically separated by only 1.2-1.3 MB. Discrepancy
could exist between the physical and genetic distances
as reported earlier in other crops like wheat [24] and
barley [25].

The average heterozygosity of the population was
0.9%, which is less than the expected heterozygosity
in F; generation. Among 310 RILs, 102 RILs (32.90%)
were completely homozygous whereas, 120 RILs
(38.7%) were found to have <1.0% heterozygous loci
(Table 3). Maximum heterozygosity (9.1%) was
observed in RIL no. 51 followed by RIL no. 168 and
276 having 8.8% heterozygosity each. Heterozygosity
genome content was maximum (1.7%) on chromosome
3 and minimum (0.1%) on chromosome 5. The percent
heterozygosity among 126 markers ranged from 0-6.4%.
Heterozygosity was absent at 42 (33.33%) marker loci
and a moderate heterozygosity (<1.0%) was observed
in 37 (29.37%) marker loci. Forty-seven (37.2%) marker
loci showed > 1.0% heterozygosity of which, 14 (11.0%)
loci were found to have higher proportion of
heterozygosity than expected content in F; generation
showing the stabilization of the population.

A total of 207 (66.8%) out of 310 RILs were not
skewed towards any parent. These RILs had the
Pusai266/Jaya genome content ratio of 0.7-1.5 (Fig.
2). Moderate skewness was observed in 90 (29%) RILs
of which, 69 were skewed towards Jaya (22.22%) with
Pusa1266/Jaya genome ratio of 0.4-0.7. Almost equal
number of RILs were highly skewed towards Pusa1266
(7 RILs, 2.3%) with Pusa1266/Jaya genome ratio of >2.0
and towards Jaya (6 RILs, 1.9%) with P/J ratio of <0.4.
Similar observations on skewness of RILs and %
hetetozygosity was observed by Liu et al. [26] in a 269
RIL population developed from Kaybonnet low-phytic
acid mutant and Zhe733. In this population, 61.6% of
255 RILs were had no significant similarity with either
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Fig. 1a. Molecular genetic linkage map of Pusa1266 x Jaya RIL population based on 126 marker data (Chromosome

1-6)
HV7-02-§0.00 RM408-§ -0.00
’MI52- 0 610
RM5711- 1 40.40
RM21345 188,70 RM25 - -62.00
RM214- 1 110.00
RMT0- 1 14950
rvi13s - 17890
RMa32-J-187.40 GNMS2765- | 19030
RMS60 J| 19570 GNMS2766- | -199.70
aveas 1 21200 GMs2825- | 20400
RM1132 1 228.00
RMa29 {1 -255.80
RM3555 9 267,60
oNms2921-¥-277.80
g

RM285. 0,00
RMS5688.§6.20
RM219-8 - 12.80
RM5920 /8 14.80
GNMS3037° § '19.80
RM24233—§ —50.10
RM5570§f 89.60
RM242-§-100.50
RM278° § 103.90
RMI60° §§ "116.50
RM201° , '127.20

:

RAI474-

RM591—

:

~200.10

GNMS3ST5-§ 000  HVI211 § 0.00
RM1812- | -9.90
RM222-§-28.70  HVIL-13-J-30.70
RM202.  48.60 !
oo | sego  CTMSIT2S 4460
RMT226 | ~59.50
Rhzoo § T30 RMIz6l—f-68.30
RMZlV 76,10
1 RM206J§ ~90.00
BYIS-13-3-10410 GNMS3766 - ~108.00
GNMS3600 | 135.00
GNMS3781- 14530
RMIT1-§149.50 GNMS3235- 815030  Hyi24l 159.40
RMI44-¥-163.50  RM3331-§-165.00
E. RM1163 )| '166.30
= RM17-¥-200.80

zionpd

Fig. 1b. Molecular genetic linkage map of Pusa1266 x Jaya RIL population based on 126 marker data (Chromosome

7-12)



302 Balram Marathi et al. [Vol. 71, No. 4
Table 3. Percent heterozygosity at marker loci in Pusa1266 and Jaya RIL population

S.No. % of heterozygosity No of Markers % of Markers No of RiLs % of RILs
1 0.0 42 33.33 102 32.90

2 0.1-0.5 14 11.11 71 22.90
3 0.6-1.0 23 18.26 49 15.80

4 1.1-15 8 6.35 34 10.97

5 1.6-2.0 14 11.11 22 7.10

6 2.1-3.0 11 8.74 12 3.87

7 3.1-4.0 7 5.50 9 2.90

8 > 4.1 7 5.50 11 3.54

Average % heterozygosity at marker loci 1.1; Average % heterozygous genome content in RiLs 0.9

Jaya 207 Pusal2éb

69 66.8

<0.4 0.4-0.7 0.7-1.3 1.5-2.0 >1.0
Ratio of Pusal266/Jaya alleles

ENoof RTLs ¥ % RTls

Fig. 2. Graph showing Skewness of RILs in Pusa1266
x Jaya population

of the parents and had an average heterozygosity of
1.3%. The missing data of the population ranged from
a minimum of 0.9% on chromosome 1 to 6.4% on
chromosome 6 with a mean of 3.1% which is considered
to be negligible for QTL mapping purposes. In the
present study, non parental alleles were not found at
any marker loci of 310 RILs, showing the purity of the
mapping population. Cluster analysis of 310 lines
revealed continuous variation without formation of any
sub groups within population. The continuity in
distribution of RIL population indicates complete
reshuffling of genome through multiple cycles of meiosis.

In the present study, the Pusa1266 x Jaya RIL
population was found to be a good mapping population
characterized by almost equal genomic content of both
parents, relatively low frequencies of heterozygosity,
absence of non-parental alleles, low percentage of
skewed markers and skewed RILs will facilitate
molecular mapping of QTLs for the agronomic traits
segregating in this population.
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