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Rice germplasm conservation is vital to ensuring the availability of a rich gene pool for future
varietal improvement programs. However, with limited resources for gene banking, there is a
need to identify and prioritize unique accessions in the PhilRice gene bank for maximum
resource utilization. A robust and unequivocal way to identify duplicates is through multiplex
SSR-PCR DNA fingerprinting. The present study established the optimal concentrations and
reaction conditions for the successful amplification of PCR products using a multiplex panel
composed of rice simple sequence repeat (SSR) markers, namely RM312, RM316, RM514 and
RM171. The panel was then used to analyze the genetic diversity and identify duplicates among
the 427 rice germplasm accessions with similar or identical variety names from the PhilRice
genebank. A total of 15 alleles were detected at the 4 SSR loci. The polymorphism information
content {PIC) values of the SSR markers were moderately high ranging from 0.459 to 0.643. A
dendrogram was constructed using the Dice similarity coefficient and the UPGMA algorithm.
The multiplex SSR-PCR panel produced unique profiles of 31 accessions that, being genetically
distinct, should be maintained as part of the main collection of the genebank. There were 17
accessions identified as possible redundants having a bootstrap value greater than 95%.
Additional SSR and morphological markers will be required to further strengthen the evidence

for redundancy, and hence justify removal of unnecessary duplicates from the collection.
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INTRODUCTION

Characterization and quantification of genetic diversity
is of fundamental interest to plant breeders. It con-
tributes to monitoring germplasm and can also be
used to predict potential genetic gains (Chakravarthi
and Naravaneni 2006). Rice germiasm collection and
conservation activities in the Philippines started in the
early 1900s when rice breeders in the academe and
the Bureau of Plant Industry began keeping seeds of
popular traditional varieties with the intention of using
them as breeding parentals. The initial collection com-
prised of 300 traditional varieties that early Filipino
breeders had assembled for breeding work. The col-
lection grew with the addition of large anthropological
set from the Cordillera areas and later through gifts
from provincial agricultural colleges and development
centers as well as opportunistic collecting by PhilRice
staff. The early collection was turned over to the then
newly established International Rice Research Insti-
tute (IRRI) in 1962. A duplicate of which was retrieved
when Philippine Rice Research Institute (PhilRice)
was created in 1985 (Romero 2006). The germplasm
collection of the Philippines stored in the PhilRice
genebank holds 11,259 collections as of May 2013.
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Rice germplasm conservation is a vital activity that
ensures the. availability of a rich gene pool for future
varietal improvement programs. However, with the
limited resources such as finite storage, space and
low processing and maintenance outlay, there is an
urgent need to identify truly unique accessions in the
PhilRice Genebank for maximum resource utilization.

The key to the determination of duplicate entries is the
availability of a reliable means of detecting genetic
differences. Identical passport data such as variety
names and geographical origins are commonly used
as an indication of duplication but these are in many
cases of dubious authenticity. The morphological
characterization procedure presently employed in the
PhilRice genebank is aiso inadequate for this purpose
because morphological traits represent a narrow
portion of the genome and are often strongly influ-
enced by the environment.

The development of DNA marker technology has
provided an efficient tool to facilitate plant genetic
resources conservation and management. In rice,
molecular markers have been used to identify acces-



sions (Olufowote et al. 1997; Virk et al. 1995), to
determine the genetic structure and pattern of  diver-
sity for cultivars of interest (Akagi et al. 1997, Mackill
1995; Yang et al. 1994; Zhang et al. 1992) and to
optimize the assembly of core collections (Schoen
and Brown 1995). Compared to morphological
analysis, molecular markers can reveal differences
among accessions at the DNA level and thus provide
a more direct, reliable and efficient tool for germplasm
conservation and management (Ni et al. 2002).
Several types of molecular markers are available for
evaluating the extent of genetic variation in rice and it
was shown that duplicate and suspected duplicate
accessions can be identified using polymerase chain
reaction (PCR) based technique (Ni et al. 2002; Ravi
et al. 2003; Lapitan et al. 2007; Kibria et al. 2009;
Kumar et al. 2012; Martin et al. 2012; Tabhkar et al.
2012).

The extent of duplication in the PhilRice Genebank is
not fully known. This study aimed to assess the
efficiency of multiplex SSR DNA fingerprinting in
determining the genetic diversity of 427 rice
germpiasm accessions in the PhilRice genebank,
identify accessions with duplicates, and determine the
level of DNA polymorphism produced by the muliti-
plexed SSR markers. Resource use efficiency in the
genebank will be increased with the removal of
duplicate entries in the germplasm collection. The
DNA fingerprint will show the genetic relationships
among the germplasm materials, and thereby aid
breeders in choosing diverse materials for breeding.

MATERIALS AND METHODS

Plant Materials

The 427 rice germplasm accessions used in this study
consisted of 372 Philippine traditional varieties, 10
traditional varieties from lIran, 8 accessions from
Bangladesh, 7 accessions from Cambodia and Indo-
nesia, 14 accessions from India, 4 accessions from the
United States of America, 1 accession from Fiji and 2
accessions from Senegal and Laos. Rice germplasm
accessions were obtained from the Rice Genebank at
the Philippine Rice Research Institute, Maligaya,
Science City of Mufioz, Nueva Ecija, Philippines.

DNA Extraction

Fifty pure seeds of each accession from the PhilRice
Genebank were pre-germinated in Petri dishes for 3
days and were sown in plastic food keepers with soil
in the green house. Around 100 mg of young leaves
were collected from 3 wk old seedlings of each rice
accession. The leaves from each accession were
pooled before DNA extraction. Leaf samples were
ground in liquid nitrogen using mortar and pestle.
DNA was extracted using a modified CTAB DNA
extraction protocol (Rogers and Bendich 1988).
Genomic DNA samples were checked for quality on
1.0% agarose gel electrophoresis, and the concentra-
tion was estimated against undigested i{ambda DNA
standard (Invitrogen, Carlsbad CA). Electrophoresis
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was carried out at 100 V for 2 h. Detection of bands
was done in an ethidium bromide staining solution for
15 min.

Design of Multiplex SSR-PCR

Initially, 20 microsatellite markers were selected from
previous studies by Filho et al. (2007), Ram et al.
(2007) and Thomson et al. (2007) on the basis of their
genomic locations, annealing temperature and allele
size. The different markers were grouped together to
develop multiplex panel on the basis of their allele size
range, map location and annealing temperature. The
software ‘Amplify’ for PCR experiments was used to
ensure no formation of primer dimers within the
different markers in each multiplex panel, which could
hamper legitimate amplification of target loci. In each
panel, markers with different allele size range were
assigned to avoid overlapping bands during gel
analysis. In order to obtain completely unambiguous
multiplex genotyping, it was important to optimize the
combination of primers used. One multiplex panel was
assembled that contain 4 primer pairs based on their
allele size and optimal annealing temperature. The
PCR conditions were optimized by testing different
primer concentrations, dNTPs, MgCl,, amounts of
DNA template and Taqg DNA polymerase to equalize
signal strength for each panel. The multiplex panel set
was tested several times to ensure reproducibility.
The optimum PCR cocktail is shown in Table 1.

PCR was run in a 96-well thin walled polycarbonate
v-bottom microtiter plate (Costar, Corning Inc., New
York, USA) on a programmable thermal cycler (MJ
Research PTC-100). PCR products were fractio-nated
through electrophoresis on 8% non-denaturing
polyacrylamide gel for 2 h. The gels were stained with
ethidium bromide for 20 min and then observed under
ultraviolet illumination. The PCR profile is shown in
Table 2.

Data Analysis

Polymorphic bands were scored as “1” for presence
and “0" for absence. Genetic similarity was calculated
as Dice coefficient using the SIMQUAL module in
Numerical Taxonomy and Multivariate Analysis
(NTSYS), Version 2.0 (Rohlf 1993). Polymorphism
information content (PIC) was calculated using the
formula by Weir (1996):

PIC = 1-(Z pP)

where p; is the frequency of the ith allele of an SSR
marker, and Z is the summation over the total number
of alleles for that marker.

Construction of Dendrogram

The similarity coefficients were used to construct a
dendrogram by Unweighted Pair Group Method with
Arithmetic Mean (UPGMA) (Sneath and Sokal 1973)
as implemented in NTSYS. Bootstrapping of the UP-
GMA tree was performed using Winboot program
(Yap and Nelson 1996) with 2,000 iterations.
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Table 1. Polymerase chain reaction components

Components Volume Final
(uL) Concentration

Sterile distilled water 2.06 -
10 X PCR buffer 0.75 1X
10 mM MgCl. 1.5 2mM
2.5 mM dNTP 0.69 0.23 mM
10 pM forward primer 0.5 0.67 pM
10 pM reverse primer 0.5 0.67 pM
Tag polymerase 0.5 -
DNA 1 -
TOTAL 7.5

Table 2. PCR profile of multiplex genotyping

Step Temperature {°C) Time (min)

1 94 — initial denaturation 5

2 94 - denaturation 1

3 55 - annealing 1

4 72 - primer extension 2

5 35 cycles to step 2

6 72 ~ final extension 5

7 15 - soaking

Optimization of Multiplex-SSR PCR

In this study, multiplex PCR with SSR markers was
used for DNA fingerprinting of rice germplasm. Multi-
plex-PCR involves more than a pair of primers acting
independently. It allows the simultaneous analysis of
multiple targets in a DNA sample without having to
prepare many individual reactions.

The optimization of multiplex PCR can pose several
difficulties, including poor sensitivity or specificity and
preferential amplification of certain specific targets.
The presence of more than one primer pair in the
multiplex PCR increases the chance of obtaining
spurious amplification products, primarily because of
the formation of primer dimers. Despite the difficulties
in optimizing multiplex PCR, it has the potential to
bring considerable savings in time and effort once the
optimal procedure is carried out for numerous
samples on a routine basis.

This panel consisting of four SSR markers (RM312,
RM316, RM514 and RM171) yielded the optimum
PCR products. The other multiplex panels did not
produce the target composite bands of the component
markers at the various primer concentrations tested.
Multiplex products run on 8% non-denaturing
polyacrylamide gel can be gleaned from Figure 1. The
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amplicons produced were clear and easy to score.
Hence, the multiplex panel consisting of four SSR
markers was used for assessing genetic diversity
among the 427 rice germplasm accessions. Table 3
describes the four SSR markers used in the multiplex
panel and the data on the number of alleles scored
and polymorphic information content (PIC). The mul-
tiplex panel produced a total of 15 alleles from 427
genotypes. The number of alleles for RM312, RM316,
RM171 were 4, 5 and 3 respectively. The PIC values
which reflect the robustness of the marker were 0.643
for RM312, 0.598 for RM316, 0.576 for RM514 and
0.459 for RM171.

The polymorphism information content is an estimate
of the discriminatory power of an SSR marker (Ram et
al. 2007), and is extremely useful in distinguishing the
polymorphism rate of a marker at a specific locus (De
Woody et al. 1995). Markers with PIC values of 0.5 or
higher are highly informative. The robustness of the
SSR markers is due to their good PIC values ranging
from 0.459 to 0.643.

The observed PIC values are comparable to previous
studies. Jain et al. (2003) used four multiplex panels
consisting of 30 fluorescent-labeled SSR markers to
study the genetic diversity and phylogenetic relation-
ships among the aromatic high quality rice germplasm
collections from different parts of India. . RM 312 and
RM171 were part of one of the multiplex panels
together with RM105, RM133, RM103, RM282 and
RM337. The PIC values of RM312 and RM171 were
0.558 and 0.732 respectively. Another study by
Coburn et al. (2002) noted that RM171 is highly varia-
ble at both the inter and intra subspecific levels,
making it very useful for distinguishing closely related
genotypes. Thomson et al. (2007) characterized 330
rice accessions using multiplex panels of 30-
fluorescently-labeled microsatellite markers, where
RM514 showed a PIC value of 0.71. RM316 was used
by Ravi et al. (2003) to assess the genetic diversity
among 40 cultivated varieties and five wild relatives of
rice. It yielded a PIC value of 0.581.

SSR markers exhibited high PIC values because of
their codominant expression and multiallelism (Ram et
al. 2007). The lower PIC values of the four markers on
average in this study maybe due to the narrower
genetic pool of the samples arising from redundant
accessions. The considerably low PIC value of RM171
in this study may be due to the poorer resolution of its
large alleles on polyacrylamide gel compared to the
other methods. Nevertheless, the four markers were
able to detect possible redundant accessions based
on bootstrap analysis which already established a
number of unigue accessions.

Cluster Analysis

The similarity matrix representing the Dice coefficient
was used to cluster the data using the UPGMA
algorithm. Analysis of the 427 rice germplasm acces-
sions revealed 48 clusters with 100% similarity coeffi-
cients (cluster results of the dendrogram is shown in
Appendix Table 1). Accessions with similar names
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Table 3. Simple sequence repeats (SSR) markers with forward and reverse primer sequences and data on number

of alleles and polymorphism information content (PIC)

SSR Number PiC
__markers_ Forward Primer Reverse Primer of Alleles Vaiues
RM312 5’GTATGCATATTTGATAAGAG3’ 5'AAGTCACCGAGTTTACCTTCS 4 0.643
RM316 5'CTAGTTGGGCATACGATGGC3 5’ACGCTTATATGTTACGTCAAC3 5 0.598
RM514 5’AGATTGATCTCCCATTCCCC3’ 5’CACGAGCATATTACTAGTGG3S 3 0.576
RM171 5AACGCGAGGACACGTACTTACT’ 5’ACGAGATACGTACGCCTTTGY 3 0.459
TOTAL 15

12 3 4 5 6 7 8 9 10 11 1213 14 1516 17 18 19 20 21

Figure 1. Multiplex PCR panel with RM312, RM316, RM514, RM117 loci on 8% non-denaturing Polyacrylamide gel
Lane 1 100 bp DNA ladder; Lanes 2-21 PCR products from the DNA of 20 replicated accessions

and of genetically similar type clustered
There are 31 accessions that clustered

and separately from other groups indicating
they are unique accessions (Appendix Table 2).

together.
individually
that

Efforts should be expected and priority given to unique
accessions for conservation purposes. Although,
unique accessions have similar names, they should
be maintained in the gene bank to conserve their
genetic make-up for use in varietal improvement in the
future. The knowledge of within-accession variability
is important for conservation purposes because it is
possible to determine the most genetically variable
accessions which would demand an additional effort
of sampling a higher quantity of seeds in order to
preserve genetic variability (Brondani et al. 2006).

In order to test the robustness of the clusters in the
dendrogram, bootstrapping with the software package
Winboot was used. A bootstrap confidence value of
95% or greater was considered significant. Possible
redundants were identified based on the bootstrap
analysis having a confidence level greater than 95%.
Passport data and acquisition history supported the
bootstrap analysis. Identification of redundant acces-
sions is important to increase the efficiency of

Multiplex-SSR PCR analysis of Philippine rice germplasm

resource use in genebanks. For storage purposes,
only a representative of each duplicate is necessary.
From a purely management point of view, there are
distinct advantages in trying to identify duplicate
accessions and thereby conserving only the collection
of unique genetic materials (Virk et al. 1995). Table 4
shows the Philippine rice accessions with bootstrap
values greater than 95%.

Bootstrapping of the clusters revealed that PRRI-
000259 Binangkuro (IRGC 44326), PRRI000909 Bina-
ngkuro (96- OCM 18) and PRRI0O00910 Binangkuro
(96- OCM 19) of cluster 1 has a confidence value of
100%. The three Binangkuro accessions originated
from the same province which is Occidental Mindoro.
Therefore, it can be deduced that the three Binang-
kuro accessions (PRRI000259, PRRI0O00909 and
PRRIO00910) are possible redundants. Two other
Binangkuro accessions Yielded 99.6% confidence val-
ue: PRRI003441 Binangkudo (2003-01-01-102) and
PRRI0O00918 Binangkuro (96- OCM 37). This
Binangkudo accession is most likely a naming error
from Binangkuro when it was introduced in Palawan
presumably from Mindoro.

Other accessions that yielded a confidence value of
100% making them possible redundant accessions
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are: PRRI003452 Binuhangin (97-SDS 64) and
PRRI000649 Binuhangin (96-OCM5); Bintalan acces-
sions (PRRIO00919 and PRRI003451) both from
Occidental Mindoro; and from Palawan are Bolig-bolig
accessions; PRRI003971 Bolig-bolig (2004-02-01-06)
and PRRI003972 Bolig-bolig  (2004-02-01-03).
PRRI002478 Banate2 (IRGC109310) and PRRIO00
849 Banate (IRGC 81724) had a confidence value of
99.6%. Both accessions originated from lloilo and both
are indica subspecies. Two accessions of O.
glabberima that originated from Senegal which are
CG-14 TML41 and CG-14 yielded a 98.6% confidence
value, indicating that the two accessions are indeed
similar. PRRI000488 Balatinaw (IRGC 12050) and
PRRI0024 72 Balatinao (IRGC 44297) had a confi-
dence value of 98.3%. Both these accessions originat-
ed from the Mountain Province.

Some rice germplasm accessions are clustered indi-
vidually and are separate from other groups (Appendix
Table 2). PRRI0003520 Diket (98-QUI 16) and PRR
1003521 Diket (98-QUI 20) both from the province of
Quirino and both of javanica subspecies are clustered
individually. One Binangkuro accession which is PRRI
000442 Binangkuro (Balayang) (IRGC 44292) from
llocos Norte is clustered separately from the major
cluster where majority of Binangkuro accessions are
grouped together (Appendix Table 1), raising doubts
over its name. PRRI002763 Burean (aromatic) and
PRRI002268 Bureau are also found as separate clus-
ters. Cluster analysis also separated one accession of
javanica Azucena, PRR1002234 Azucena 1 from the
rest of the indica Azucena accessions.

Three Basmati accessions: PRRI000965 Basmati
narot 493, PRRI0O00969 Basmati 5851 and PRRI-
004402 Bashmoti (D) clustered individually and sepa-
rately from the other Basmati accessions. Other
accessions that were clustered individually are the
following: PRRI002997 Bayabas (IRGC19385), PRRI
002171 Batangas mixture (Ginit-an), PRRI00265
Kinandang puti, PRRI002269 Kinanda, PRRI002609
China rice, C22, PRRI002190 Binig-it, PRRI001847
Burik, PRRI005322 Binuhangin (IRGC 67430),
PRRI003126 Benerhin (IRGC 44311), C22, PRRI-
000729 Sigadis milagrosa, PRRI000923 Binibe (96-
OCM 49), PRRI001968 C22, Brown gora TML 40,
C22, Chinsurah boro 2 (IRGC 11760), BPI R1 10
TML 40, PRRI004512 Diamante (IRGC 44393),
PRRI002213 Eurian, PRRI001919 Batangas mixture
(minantika) and PRRI000778 Cambodia 3 (FC 14)
(Appendix Table 2). These resuits suggest that acces-
sions which are clustered separately from the major
groups represent a unique genetic make-up. Although,
some have similar variety names, they should be
regarded as unique accessions and thus should be
accorded equal attention and resources for conserva-
tion purposes to ensure long term survival.

Due to the fact that only one multiplex panel was opti-
mized with four SSR markers, it is still possible that
the genetically identical materials based on DNA
profiing can be different; hence, they should be
considered probable duplicates only. Nevertheless,
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Table 4. List of the Philippine rice accessions
with bootstrap confidence values greater

than 95%
. . Boot-Starp
No. Accession Variety Values
1 BINANGKURO
PRRI000259 (IRGC 44326)
2 BINANGKURO o
PRRI000909 (06.0CM 18) 100%
3 BINANGKURO
PRRI000910 (95-0CM 19)
280 BINTALAN
PRRI000919 (96.0CM 42)
281 BINTALAW
PRRI003451 (2003-11-01-04)
282 BINUHANGIN
PRRI000649 (96-OCMS)
283 BINUHANGIN o
PRRI003452 (97-5DS 64) 100%
287 BOLIG-BOLIG
PRRI003971 (2004-02-01-03)
288 BOLIG-BOLIG
PRRI003972 (2004.02-01-06)
5 PRRI003441 BINANGKUDO
6 PRRI000918 (2003-01-01-102) 99.60%
BINANGKURO
(96-OCM 37)
253 BANATE 2
PRRI002478 (IRGC 109310)
254 BANATE 1 o
PRRI000849 (IRGC 81724) 99.60%
332 - CG-14 TML 41
333 - CG-14 98.60%
103 BALLATINAO
PRRI002472 (IRGC 44297)
101 PRRI000488 BALATINAW 98.30%

(IRGC 12050)

the panel produced unique profiles of 31 accessions
out of 427 or 7.25% of the materials. These acces-
sions are therefore genetically distinct and should be
maintained as part of the main collection of the
genebank.

CONCLUSIONS AND
RECOMMENDATIONS

DNA fingerprinting using multiplex-SSR PCR with four
markers produced good amplification products in a
large collection of germplasm materials inferred to be
mostly redundant entries due to their similar variety
names. Cluster analysis with the UPGMA algorithm
was used to group the germplasm accessions into a
dendrogram that provided a complete perspective of
their genetic relationships. Accessions sharing the
same branch at S=1.0 are considered probable redun-
dants. After bootstrapping, accessions registering
100% confidence within each branch at S=1.0 are
highly probable redundants. A grow-out test of these
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accessions planted side-by-side will be the final arbiter
for deciding on their duplicate nature. For materials
with less than 100% confidence level, additional 3-5
SSR markers for DNA profiling are recommended to
further reliably determine if the materials are unique
or duplicates. In conclusion, the allelic diversity
revealed by multiplex PCR consisting of four SSR
markers serves as baseline information of the genetic
diversity of the 427 rice germplasm accessions.
Further optimization of more SSR primer pairs in a
multiplex-PCR is recommended for more definitive
separations or support of clusters of genotypes.

While multiplex PCR clearly enhances the efficiency of
SSR markers, there is, however a trade-off between
the investment in labour and resources to establish
this method and the time saved by the need to run
fewer gels. The methodology developed will be useful
to study the levels and patterns of genetic diversity in
rice germplasm collections, where a large number of
accessions and genotypes need to be fingerprinted.

In this study, manual system was used for the devel-
opment of multiplex SSR-PCR panels. For high
throughput fingerprinting of rice germplasm acces-
sions and assaying genetic diversity, it is recom-
mended to use the Geneflow software in designing
multiplex panels. Fragment sizing analysis with
GeneScan and Beckman’s Fragment Analysis is also
recommended. The panels of microsatellite markers
should greatly expedite genotyping. Many more mark-
ers can be assembled for use in diversity studies. The
ability to assembie multiplex combinations will greatly
improve the efficiency of genetic analysis. Since
optimization of multiplex SSR-PCR is time consuming,
itis also recommended that manpower should be
doubled especially when the samples are rice germ
plasm collection from a genebank.

A follow-up study of the comparative analysis of
morphological characteristics is highly recommended
to consistently confirm if indeed the accessions were
redundant. For the identification of duplicates of rice
germplasm accessions, a prior knowledge of morpho-
logical characters of duplicates is recommended
mainly for comparison purposes. However, care must
be taken when utilizing morphological data for they
are subject to variation caused by the environment.
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