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ABSTRACT

Assessment of genetic diversity is essential for germplasm characterization, utilization and conservation.
Genetic diversity of 31 Aus rice genotypes of Bangladesh was assessed using 11 ILP (intron length
polymorphism) markers. A total of 28 alleles were detected and the number of alleles per locus varied
from 2 (RI01779, R105751, R105304, R103205, R100299, R105407) to 4 (RI05559). The PIC values ranged from
0.06 (R105407) to 0.57 (RI05559) with an average of 0.33. PIC value revealed that RI05559 was the best ILP
markers for the studied 31 Aus rice genotypes. The dendrogram from unweighted pair-group method
with arithmetic average clustering classified the genotypes into five groups at a coefficient of 0.57. Two
dimensional graphical views of Principal Coordinate Analysis (PCoA) revealed that the genotypes
Kuchmuch, Kalo dhan, Aus dhan, Sadey aus, Chaina and Dighi bawalia were found far away from the
centroid of the cluster and can be seslected as parents for further breeding programmes. Parangi and V3,
Adubali and H1-2, Begunbichi and Hashikalmi had closest distance (0.000) in the distance matrix might
have same genetic background. This information will be useful for the selection of genetically diversed
parents and assist in trait development using genotypes in rice breeding programmes in future. The
results provided some useful implications for establishment of sovereignty of Bangladeshi rice gene
pool. It was also suggested that ILP markers could be very useful for the genetic study and breeding in
rice.
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INTRODUCTION

Rice (Oryza sativa L.) is an important cereal crop
grown exclusively for human consumption that
is the staple food for about 50% of the global
population (Garris et al., 2005; Ramkumar et al.,
2010).

Rice genetic resource is the primary
material for rice breeding and makes a concrete
contribution to global wealth creation and food
security (Zhang et al., 2011). Rice genotypes
contain greater genetic diversity than elite
cultivars (Londo et al., 2006). However,
Bangladesh had abundant rice germplasm from
time immemorial. But, local and traditional
genotypes of rice are now replacing with the
modern varieties (MVs) in Bangladesh. Besides,
various interventions of rice habitat are

occurring due to over population. Therefore,
rice genotypes need to exploit in hybridization
programme for maintaining total rice gene
diversity.

Exploring diversity in the landrace
collection and characterization is very
essential for identifying new genes and
further improvement of the germplasm
(Thomson et al., 2007). In Bangladesh, variety
identification and diversity analysis have
been done mostly through morphological
descriptors. Due to stage specific expression
of characters and influence of environment;
morphological diversity estimates are less
reliable. Moreover, at times there may be little
morphological diversity among cultivars
with related pedigrees. Uses of molecular
markers are considered best for analysis of
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genetic diversity and varietal identification
since there is no effect of development stage,
environment or management practices.
Availability of a large number of polymorphic
markers enables precise classification of the
cultivars and germplasm collections.

Presently, various molecular marker
techniques are available in helping various
purposes in different crops. In rice, the
commonly used techniques for diversity
evaluation include: restriction fragment
length polymorphism (RFLP) (Sun ef al., 2001),
amplified fragment length polymorphism
(AFLP) (Bao et al., 2006), random amplified
polymorphic DNA (RAPD) (Rabbani et al.,
1998), simple sequence repeat (SSR) (Salgotra et
al., 2015), and single nucleotide polymorphism
(SNP) (Chen et al., 2011).

Recently, a new type molecular marker
system termed intron length polymorphism
(ILP) has been developed in rice by
comparing the draft genomic sequences of
indica cultivar 93-11 and japonica cultivar
Nipponbare (Wang et al., 2005). ILP is a
codominant marker and can be conveniently
detected by polymerase chain reaction
(PCR) with a pair of primers designed on
flanking exons. ILPs are comparable among
different species (Wang et al., 2005) because
the exon-intron structures of genes are
highly conservative across species (Zhao et
al., 2009). ILPs are rich in the two cultivated
subspecies in rice. Currently, there are
limited reports on the use of ILP markers
for the assessment of genetic diversity or
related research in rice (Xu et al., 2009; Zhao
et al., 2009). The present study aimed to
investigate the genetic diversity of 31 Aus
rice genotypes of Bangladesh using ILP
markers.

MATERIAL AND METHODS

Rice materials

Thirty-one Aus rice genotypes (Table 1) were
studied in the Molecular Laboratory of Genetic
Resources and Seed Division of BRRI during
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Table 1. List of Aus rice genotypes with place of collections.

Designation Cgl‘lec‘tion Designation Col.lecFion
istrict district
Begunbichi Kushtia Raitul Barguna
Hashikalmi Kushtia Kuchmuch Barguna
Kalodhan Kushtia ~ Puitraaijang  Barguna
Aus dhan Kushtia Boula Barguna
Dighabawalia Kushtia Chaina Barguna
Hanuman jata Kushtia Saithsail Barguna
Itcrie Meherpur ~ Sadeyaus Barguna
V-2 Meherpur Mallika Barguna
V-3 Meherpur Aduballi Barguna
V-4 Meherpur  Bardhanaus  Barguna
Parangi Rajbari Kaloaus Barguna
Sandamioni Rajbari Baﬁ_l}zr_]ii us Barguna
Jaymori Rajbari H-171 Barguna
Kalohizli Rajbari H-12 Barguna
Minikit Barguna Kadidet Barguna
Parangi Barguna - -

2016 for diversity analysis. Five gram seeds
from each of the entry were first germinated
and then sown in the earthen pots.

ILP Markers

Eleven ILP markers (synthesized by Beijing
Sunbiotech Co., Ltd., China) were used for
diversity analysis.

Genomic DNA isolation and PCR
amplification

DNA was extracted from young leaves of
14-day-old plants following the Miniscale
method (Zheng et al., 1995). The total PCR
reaction volume was 10 pL, composed of
3.0 pL genomic DNA, 1.0 pL of 10 x PCR
buffer (MgCl, free), 1.35 pL of 25 mmol/L
MgCl, 0.2 pL of 10 mmol/L dNTPs, 0.5
pL of 10 pmol/L forward and reverse
primers, 0.02 pL of 5 U/pL Tag DNA
polymerase and 3.43 pL sterile deionized
water. The temperature profile was an
initial denaturation step for 5 min at 94°C,
followed by 35 cycles of denaturation



(94°C) for 45 s, annealing (55°C or 61°C)
for 45s and primer elongation (72°C) for 1.3
min and then a final extension at 72°C for
7 min.

Electrophoresis and visualization of amplified
products

The 10 pL of PCR product with 2 pL of a loading
dye was analyzed using 8% polyacrylamide
gel electrophoresis in 1 x TBE bulffer at 75 V
for about 2.0-2.5 h depending upon the allele
size. The gels were stained with ethidium
bromide solution (0.5 mg/mL) for 25 min and
exposed to UV light using the molecular imager
gel documentation unit (XR System, Uvitec
Cambridge, France) for visualization.

Allele scoring and data analysis

The size of the band for each marker was scored
by Alpha-EaseFC 4.0 software. The summary
statistics, including the number of alleles,
major allele size and frequency, gene diversity
and polymorphism information content (PIC)
value, were determined using PowerMarker
version 3.25 (Liu and Muse, 2005). For the
unrooted phylogenic tree, genetic distance
was calculated using the “C.S. Chord 1967”
distance (Cavalli-Sfoza and Edwards, 1967)
followed by phylogeny reconstruction
using neighbour-joining as implemented in
PowerMarker with tree viewed using Tree
view (Page, 1996). The allele frequency data
from PowerMarker was used to export the
data in binary format (allele presence="1" and
allele absence = “0”) for analysis with NTSYS-
pc version 2.2 (Rohlf, 2002). A similarity
matrix was also calculated with the Simqual
subprogramme using the Dice coefficient
followed by cluster analysis with the SAHN
subprogramme using the UPGMA (Un-
weighted pair group method using arithmetic
average) clustering method as implemented
in NTSYS-pc. The similarity matrix was also
used for principal coordinate analysis (PCoA)
with the DCenter, Eigen, Output, and MXPlot
subprogrammes in NTSYS-pc.

RESULTS AND DISCUSSIONS

Overall ILP diversity

Eleven ILP markers (Table 2) identified 28 alleles
with an average of 2.55 per locus. The number
of alleles per primer varied from two (RI101779,
RI05751, RI05304, R103205, R100299, R105407) to
four (RI05559). None of the markers amplified
a unique locus. The PIC values for polymorphic
ILP markers ranged from 0.06 (RI05407) to 0.57
(RI05559) with an average of 0.33. PIC value
revealed that RI05559 was considered as the
best ILP markers for 31 Aus rice genotypes.
Figure 1 shows the DNA profiles of 31 Aus rice
with ILP Marker RI05559.

Genetic distance-based analysis

The UPGMA clusters identically showed that
the 31 genotypes were grouped into five major
clusters at a coefficient of 0.57 and the similarity
coefficient value ranged from 0.38 to 100 (Fig. 2).

Principal coordinate analysis

The two dimensional graphical view of
principal coordinate analysis (PCoA) showed
the spatial distribution of the genotypes
along the two principal axes. The genotypes
Kuchmuch, Kalodhan, Sadeyaus, Chaina, Aus
dhan and Dighi bawalia were found far away
from centroid of the cluster and the rest of the
genotypes were placed more or less around
the centroid (Fig. 3). The results indicated
that the genotypes placed far away from
the centroid were more genetically diverse,
while the genotypes placed near around the
centroid possessed more or less similar genetic
background. However, centroid could be
defined as the vector representing the middle
point of the cluster, which contained at least
one number for each variable. The connecting
lines between each genotype and the centroid
represented eigan vectors for the respective
genotypes.

Genetic diversity study is of prime
importance in conservation of endangered
species and utilization of appropriate plant
resources from diverse germplasm. Successful
breeding for crop development programmes
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Table 2. Allele number, size and frequency, genetic diversity and PIC among 31 Aus rice genotypes for 11 ILP markers.

ILP Marker Cr}:gf)' Pz)csli/tli)gn Allele no. Range (bp) Size (bp) Freq (%) di(\?er;?W PIC
RI05333 2 - 3 269-284 284 70.97 043 0.36
RI01779 3 - 2 278-282 282 64.52 0.46 0.35
RI05751 4 - 2 246-274 274 51.61 0.50 0.37
RI05304 7 - 2 226-238 238 87.10 0.22 0.20
RI03205 8 - 2 115-128 128 90.32 0.17 0.16
RI03489 8 - 3 278-294 294 7419 041 0.37
RI00299 10 - 2 258-280 280 67.74 0.44 0.34
R102102 11 - 3 293-310 293 51.61 0.53 0.42
RI05373 12 - 3 337-362 337 64.52 0.51 0.44
RI05407 12 - 2 202-209 209 96.67 0.09 0.06
RI05559 12 - 4 185-216 216 45.16 0.64 0.57
Total 28 764.41 4.38 3.66
Mean 2.55 69.491 0.40 0.33

Fig. 1. DNA profile of 31 Aus rice genotypes with ILP marker RI05559.

Legend: 1=Begun bichi, 2=Hashikalmi, 3=Kalodhan, 4=Ausdhan, 5=Dighabawalia, 6=Hanuman jata, 7=Itcrie, 8=V-2, 9=V-3,
10=V-4, 11=Parangi, 12=Sandamioni, 13=Jaymori, 14=Kalohizli, 15= Minikit, 16= Parangi, 17= Raitul, 18=Kuchmuch, 19=
Puitraaijang, 20= Boula, 21=Chaina, 22=Saithsail, 23=Sadeyaus, 24=Mallika, 25=Aduballi, 26=Bardhanaus, 27=Kaloaus,

28=Bardhanaus M-74-1, 29=H-171, 30=H-12, 31=Kadidet.

depends on genetic variability that arises from
genetic diversity (Rana and Bhat, 2004). Lack of
genetic variability may limit breeding progress
and gain from selection. Therefore, knowledge
of the genetic diversity of any germplasm
collection provides a basis for improvement of
crops and development of superior cultivars.
This study investigated the allelic diversity
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existing among the collection of 31 Aus rice
genotypes from different districts of Bangladesh
using 11 ILP markers.

Consequently, in recent years, introns of
genes have been targeted to develop successful
intron-length polymorphism (ILP) markers at
a genome-wide scale to be utilised for various
large-scale genotyping applications in multiple
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Fig.2. A UPGMA cluster dendrogram showing the genetic relationships among 31 Aus rice genotypes based on allele
detected by 11 ILP markers.
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Fig. 3. Two-dimensional view of principal coordinate analysis (PCoA) with 11 ILP markers over 31 Aus rice genotypes.
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major food crop plants, including rice (Zhao
et al., 2009). Moreover, ILP is a different type
of molecular marker, which has not yet been
broadly used in genetic diversity analysis
except in a study conducted by Xu et al. (2009),
who used ILP primers for indica-japonica
differentiation research. In the present study,
results showed that 28 alleles with an average
of 2.55 alleles per locus were identified by 11
ILP markers. In addition, ILP showed strong
subspecies specificity in rice (Wang et al,
2005); it could be very useful for genetic study
and breeding in rice.

CONCLUSION

The results obtained from this study on
molecular characterization provided some
useful implications for establishment of
sovereignty of Bangladeshi rice gene pool.
There was a high level of genetic diversity
among Aus rice genotypes in this study,
suggesting that ILP markers were very effective
in the detection of polymorphism in this
ecosystem. To broaden the genetic base and
improvement of Aus rice, genotypes having
the lowest genetic similarities could be selected
as parents. Therefore, hybridization should be
made between two distant populations. Based
on distance matrix, the genotypes Kuchmuch,
Kalodhan, Kalohizli, Sandamoni, Kalo aus,
Boula, Minikit, Begunbichi, Hanumanjata and
Dighibawalia can be selected as parents for
further breeding programmes. Parangi and V3,
Adubali and H-12, Begunbichi and Hashikalmi
had closest distance (0.000) in the distance
matrix might have same genetic background.
The findings of this study should be useful
for varietal identification and could help in
providing guidelines for assisting rice breeders
in selecting suitable genetically diverse parents
for the crossing programme.
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