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Abstract: A total of 100 cultivated rice accessions, with a clear isozyme-based classification, were
analyzed based on Cheng’s index and simple sequence repeat (SSR) marker. The results showed that
the isozyme-based classification was in high accordance with that based on Cheng’s index and SSR
markers. Mantel-test revealed that the Euclidean distance of Cheng’s index was significantly correlated
with Nei’s unbiased genetic distance of SSR markers (r = 0.466, P < 0.01). According to the model-based
group and cluster analysis, the Cheng'’s index- and SSR-based classification coincided with each other,
with the goodness of fit of 82.1% and 84.7% in indica, 97.4% and 95.1% in japonica, respectively,
showing higher accordance than that within subspecies. Therefore, Cheng’s index could be used to classify
subspecies, while SSR marker could be more efficient to analyze the subgroups within subspecies.
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Asian cultivated rice (Oryza sativa L.) holds a great
proportion of variation within the species. The
accurate classification of O. sativa is not only useful
for the utilization of conventional and heterosis
breeding in rice, but also for studying plant evolution.
In general, the methods of rice classification involve
morphological, cytological, protein and molecular
markers. Using hybrid fertility as well as morphological
and serological characters, Kato et al (1928) divided O.
sativa into two main types, denoted as indica Kato and
japonica Kato. Based on morphological characters
including grain shape and length-width ratio, Matsuo
(1952) classified rice into three types, respectively
referred to as japonica, indica and javanica. However,
Oka (1958) considered that the japonica and javanica
should be considered as the temperate japonica and
tropical japonica, respectively. According to Ding’s
five-level taxonomic system (Ding, 1961), rice in
China was divided into indica and japonica subspecies,
early-medium and late eco-groups, lowland and upland
eco-types, waxy and non-waxy varieties and general
cultivars. With the development of biochemical
technique, intraspecific classification had also been
confirmed by electrophoretically identifiable isozymes
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and DNA markers, etc. Glaszmann (1987) adopted
fifteen polymorphic loci coding for eight isozymes
and identified six varietal groups (group I to VI).
Garris et al (2005) used simple sequence repeat (SSR)
markers and divided Asian cultivated rice into five
distinct groups, respectively as indica, aus, aromatic,
tropical japonica and temperate japonica. In addition,
Zhang et al (2009) revealed that indica and japonica
were the two main subspecies in China. Moreover,
indica showed clear differentiation among seasonal
ecotypes, but not among soil-watery ecotypes; while
japonica showed clear differentiations among soil-
watery ecotypes, but not among seasonal ecotypes.
The traits apparent between indica and japonica,
including glume hairiness, phenol reaction, interval
between the 1% and 2™ nodes of panicle axis, glume
color at heading, leaf pubescence and shape of grain,
were identified as ‘Cheng’s index’ (Cheng et al, 1988).
The classification based on Cheng’s index became
easy and convenient, and was widely adopted in China.
Many studies showed that the accuracy rate of Cheng’s
index-based classification for tropical japonica and
temperate japonica could reach about 95% and 85%,
respectively. According to the previous studies, the
Cheng’s index-based classification showed highly
accordance with isozyme-based, as well as with
restriction fragment length polymorphism (RFLP)-based
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classification (Nakamura et al, 1992; Zhang et al, 1992).

As a new type of DNA marker, SSR, was developed
in the late 1980s. Compared with isozyme and RFLP,
SSR was found to be highly polymorphic, codominant,
stable and repeatable, as well as easy operation. Their
PCR amplifications facilitate the study of genetic
diversity (Davierwala et al, 2000; Zhou et al, 2003), the
construction of genome fingerprint (Zietkiewicz et al,
1994; Chakravarthi et al, 2006), the research of
protection and utilization of germplasm resources
(Olufowote et al, 1997; Garland et al, 1999), and so on
(Zhao et al, 1992; Temnykh et al, 2001).

In this study, 100 Asian cultivated rice accessions,
with a clear isozyme-based classification, were used.
The object was to compare the Cheng’s index- and
SSR marker-based classification, and reveal the
relationship between Cheng’s index and SSR markers.

MATERIALS AND METHODS

Rice materials

According to the isozyme-based classification of
Glaszmann (1987), a total of 100 rice accessions were
chosen from the Genetic Resources Center, International
Rice Research Institute, Manila, Philippines. Accession
name, origin and classification are shown in Supple-
mental Table 1.

Investigation for six characters of Cheng’s index

All accessions were grown in fields in Lingshui,
Hainan Province, China. Six rows with six plants were
planted for each accession, one per bunch and
arranged orderly (for discerning similar characters).
After random sampling by disgorging the plants in the
fringe area, six characters of 100 accessions were
investigated as follows and converted into the score
value according to the standards of Cheng’s index
(Cheng , 1993).

1) Glume hairiness: take five grains randomly, and
observe the morphological characters of glume hairness;

2) Phenol reaction: take five grains randomly, and
soak them into 2% phenol solution in the petri dish for
about 3-5 d, then observe the glume color;

3) Interval between the 1% and 2™ nodes of panicle
axis: measure five panicles randomly between the 1%
and 2" nodes;

4) Glume color at heading: take five spikes randomly,
and identify the glume color at the heading stage;

5) Leaf pubescence: take five leaves randomly, and
judge how many leaf pubescences at the heading stage;
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6) Shape of grain: take five grains randomly, measure
their lengths and widths, then calculate the length-
width ratio.

DNA extraction

For each accession, five seeds were germinated in
petri plates at ambient temperature under natural light.
DNA was extracted from 1-2 cm from the top of
tender shoot following a modified sodium dodecyl
sulfate (SDS) mini-extraction protocol developed by
Zheng et al (1995), quantified using a spectrophotometer,
and checked by 1.5% agarose gel electrophoresis, then
dissolved in 0.1 x TE solution and stored at -20 °C.

Fluorescent SSR markers

One hundred and nine SSR markers (Supplemental
Table 2) were randomly selected (7—10 markers on
each of the 12 chromosomes). The primer sequences
were synthesized by ABI (Applied Biosystems, Foster
City, USA). For each SSR, the forward primer was
labeled with a fluorescent label.

PCR amplification

DNA amplification was carried out in a 2720 thermal
cycler (Applied Biosystems, Foster City, USA) in a 10
uL reaction mixture. Each reaction contained 10 x
buffer 1.0 pL, 2 mmol/L dNTPs 1.0 uL, 25 mmol/L
MgCl, 1.0 pL, 0.6 pL each of the forward and reverse
primers (10 pumol/L), 5 U/uL Taq polymerase 0.1 pL,
and 20 ng of template DNA. The thermal cycling
profile was as follows: 94 °C for 2 min; 35 cycles of
94 °C for 45 s, 55 °C (50 °C for RM6091, 61 °C for
RM161 and RM185, 67 °C for RM119, RM132, RM169
and RM176, respectively) for 45 s, and 72 °C for 1
min; and 72 °C for 8 min.

Products test

The PCR products (2 pL) were diluted in 8 pL of ultra
pure water, and purified in the solution mixed with
ethnol and sodium acetate for 30 min; then scoured in
100% alcohol for 15 min. A diluted DNA was dried
and mixed with highly deionized-formamide (Applied
Biosystems, Foster City, USA), then submitted for
fragment analysis by capillary electrophoresis on an
Applied Biosystems 3130xl DNA analyzer (Applied
Biosystems, Foster City, USA).

Data analysis

DNA fragment size analysis was performed using
GeneMapper software, followed by manual allele
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binning. STUCTURE was used to infer clusters of
similar SSR genotypes. STATISTICA 7.0 was performed
on the six morphological traits of Cheng’s index
according to Euclidean distance. PowerMarker 3.25
was applied to construct the Unweighted Pair-Group
Method with Arithmetic means (UPGMA) dendrogram
on SSR genotypes according to Nei’s unbiased genetic
distance. The correlation coefficient between Cheng’s
index- and SSR marker-based genetic distance matrices
was calculated in Mantel-test using ARLEQUIN 3.0.

RESULTS

Comparison of Cheng’s index- and isozyme-based
classification

Accessions in this study were divided into six groups
by Glaszmann (1987). As shown in Supplemental Table
1, accessions in groups I, II and III were classified as
C-H or C-H', while those in groups IV, V and VI were
as C-K' or C-K, with a goodness of fit reaching 74.1%
and 76.1%, respectively (Table 1). Among these
groups, accessions belonged to group I and group
VI-A had the highest goodness of fit with C-H or C-H’
and C-K' or C-K (87.5% and 80.0%, respectively),
while group II had the lowest goodness of fit with
C-H or C-H’ as 59.1% (Table 1).

Comparison of SSR marker- and isozyme-based
classification

The model-based simulation of population structure
using SSR markers showed that 100 accessions were
divided into six groups (Table 1). Compared with

isozyme- based classification, accessions in groups I’
and II' corresponded to groups I, II and III, while
those in groups III', IV’, V' and VI' corresponded to
groups IV, V and VI, with a goodness of fit reaching
90.7% and 80.4%, respectively (Table 1). Among
these groups, I’ corresponded to I, 11’ to II and II1, 11T’
to IV, IV to V, V' to VI-A, and VI’ to VI-B, with the
goodness of fit reaching 100%, 63.3%, 72.7%, 41.7%,
73.3% and 37.5%, respectively (Table 1). However,
JC73-4 (group II), JC101 (group II), KUMRI BORO
(group IIT) and KALIJIRA (group IV) were classified
into group IV’ according to SSR marker-based
classification. Furthermore, Bhadoia 233, Phudugey,
Basmati 1, IR8-246/NC1626CN2-5-9-4, RAYADA,
Basmati, Som Cau 70A, Yelaik Meedon, Baghlani
Nangarhar and KU115 contained more than one
component, and were defined as admixture accessions
(Supplemental Table 1).

Comparison of Cheng’s index- and SSR marker-based
classification

Mantel-test showed that the correlation coefficient
between Cheng’s index- and SSR marker-based genetic
distance matrices was 0.466 (P < 0.01), which
manifested that a certain number of morphological
characters with strong specificity between indica and
japonica and could be used to identify these two

subspecies successfully.

Classification based model

When K = 2, 100 accessions were divided into two
groups, S-H or S-H' and S-K' or S-K, which were
respectively corresponded to C-H or C-H' and C-K' or

Table 1. Goodness of fit of classification based on isozyme, Cheng’s index and SSR marker. %

Isozyme-based

Classification LI

1V, V, VI

VI (23)
VI-A(15)  VI-B(8)

1(24) 1(22) MI(8) IV(I1) V(12)

Cheng’s index-based C-H (22) or C-H' (29) 74.1
C-K' (22) or C-K (27) 76.1
SSR marker-based 1'(30) 90.7

I (22)

I’ (8) 80.4

V' (9)
V' (12)
VI (8)

87.5 59.1  75.0

72.7 75.0 80.0 62.5
100

63.3
72.7
41.7
733
37.5

Numbers in the parenthesis are the numbers of accessions. C-H, Hsien based on Cheng’s index; C-H', Hsien-cline based on Cheng’s index; C-K,
Keng based on Cheng’s index; C-K', Keng-cline based on Cheng’s index.

Classification based on isozyme (Glaszmann, 1987): I corresponds to Hsien ecotype; II corresponds to Aus ecotype; III consists of short cycle,
photoperiod insensitive and deep water rice; IV corresponds to the Rayada rices; V is considered as Aromatic ecotype; VI is dominant in temperate
areas (VI-A) and in high elevation areas (VI-B). Classification based on SSR markers (Garris et al, 2005): I' corresponds to indica group; II'
corresponds to aus group; IV’ corresponds to aromatic group; V' corresponds to temperate japonica; VI' corresponds to tropical japonica; III"
corresponds to rayada group compared with isozyme-based classification (Glaszmann, 1987).
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Table 2. Comparison of Cheng’s index- and SSR marker-based classification according to model.

Group
Parameter 5 K—4
Cheng’s index C-H or C-H' C-K' or C-K C-H C-H' C-K’ C-K
Number of accessions 51 49 22 29 22 27
SSR marker S-H or S-H’ S-K’ or S-K S-H S-H' S-K’ S-K
Number of accessions 58 39 36 22 21 18
Number of common accessions 48 38 18 11 8 14
Goodness of fit (%) 82.1 97.4 50.0 50.0 38.1 76.5

C-H, Hsien based on Cheng’s index; C-H', Hsien-cline based on Cheng’s index; C-K, Keng based on Cheng’s index; C-K', Keng-cline based on

Cheng’s index.

Table 3. Comparison of Cheng’s index- and SSR markers-based classification according to genetic distance.

No. of accessions

Classification Cheng’s index-based SSR marker-based No. of common accessions *  Goodness of fit (%)
Group I 52 59 50 84.7
Subgroup 1 29 37 21 56.8
Subgroup 2 23 22 10 45.5
Group II 48 41 39 95.1
Subgroup 3 15 24 7 29.2
Subgroup 4 33 17 12 70.6

When the Euclidean distance based on Cheng’s index was set at 6.52, or Nei’s unbiased genetic distance based on SSR marker was set at 0.39,
the accessions were divided into groups I and group II, referring to indica and japonica, respectively. When the Euclidean distance was set at 5.61 or
Nei’s unbiased genetic distance based on SSR marker was set at 0.38, the accessions were divided into four subgroups, among which subgroups 1 and

2 responded to group I and subgroups 3 and 4 responded to group II.

@ The accession classified into the same group by both Cheng’s index- and SSR marker-based classification is regarded as common accession.

C-K (goodness of fit = 82.1% and 97.4%) (Table 2).
When K = 4, referring to S-H, S-H’, S-K’ and S-K, the
goodness of fit between S-K and C-K was the highest
(76.5%), followed by the goodness of fit between S-H
and C-H, and between S-H' and C-H' (50.0%), while
the goodness of fit between S-K’' and C-H' was the
lowest (38.1%). In addition, Bhadoia 233, Phudugey,
IR8-246/NC1626CN2-5-9-4, Basmati, Yelaik Meedon
and KUI115 were defined as admixture accessions
(Supplemental Table 1).

Classification based on Euclidean distance and
genetic distance

When the Euclidean distance, based on Cheng’s index,
was set at 6.52, 100 accessions were divided into two
groups, indica and japonica. In addition, when the
Nei’s unbiased genetic distance based on SSR markers
was set at 0.39, there were also two groups. By
comparision of the results from classification, it could
be found that these two subspecies were accordant at
the goodness of fit of 84.7% and 95.1%, respectively
(Table 3).

It had been shown that each subspecies could be
divided into two subgroups when the Euclidean distance
was 5.61 and the Nei’s unbiased genetic distance was
0.38. The goodness of fit among these four subgroups
was different from each other, respectively 56.8%,
45.5%, 29.2% and 70.6% (Table 3). In comparison

with isozyme-based classification, Cheng’s index could
not evidently classify the subgroups within the sub-
species (Fig. 1) which was accurately and clearly
reflected by SSR markers (Fig. 2).

DISCUSSION

Zhou et al (1988) calculated the principal coordinate
analysis and cluster dendrogram with 197 accessions
from Glaszmann, and demonstrated that Cheng’s
index-based classification was in high agreement with
isozyme-based results. In our study, Cheng’s index-
and isozyme-based classification was also in a goodness
of fit reaching more than 70%. Moreover, accessions
in group I had the highest goodness of fit with C-H or
C-H' (87.5%). Our studies also showed that isozyme-
and SSR marker-based classification was in good
accordance.

In addition, the correspondence existed between
morphological traits and SSR markers (Wu et al, 2001;
Yu et al, 2004). In this study, the mantel-test showed
that the Euclidean distance matrix based on Cheng’s
index was highly and significantly correlated with the
Nei’s unbiased genetic distance matrix based on SSR
markers, which reflected that a certain number of
morphological characters with strong specificity could
be used to identify indica and japonica. Ma et al (2010)
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Fig. 1. Unweighted Pair-Group Method with Arithmetic (UPGMA) dendrogram of Cheng’s index-based classification according to Euclidean
distance.
When the value of Euclidean distance was 6.52, the accessions were divided into two gruops; when the value was 5.61, the accessions were
divided into four subgroups.
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Fig. 2. Unweighted Pair-Group Method with Arithmetic (UPGMA) dendrogram of SSR marker-based according to Nei’s unbiased genetic

distance.

When the value of Nei’s unbiased genetic distance was set at 0.39, the accessions were divided into two groups; when the value was 0.38, the

accessions were divided into four subgroups.
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found that Cheng’s index had a little difference with
SSR markers when they were used to analyze the
genetic structure of Guizhou landrace. Compared with
SSR  marker-based classification, isozyme-based
classification had a lower goodness of fit with that
based on Cheng’s index, and it may be due to isozyme
had fewer loci and less genetic information. The
results of structure analysis based on model and
genetic distance both showed that Cheng’s index- and
SSR  marker-based classification had a higher
goodness of fit among the subspecies than within
subspecies. Therefore, morphological characters of
Cheng’s index had strong specificity between indica
and japonica, while SSR markers were more efficient
to analyze the subgroups within subspecies.

The contribution rates of morphological characters
used in Cheng’s index-based classification are not
equal and often make a certain deviation. Zhou et al
(1988) found that the contribution rate of glume
hairiness was the highest (81.5%), followed by glume
color at heading (80.6%), shape of grain and interval
between the 1% and 2™ nodes of panicle axis (54.4%).
Zhang et al (1998) reported the deviation of 5%—10%
for classifying rice varieties between the Cheng’s
index-based and isozyme-based classifications, and
considered that glume hairiness had the highest
goodness of fit (93.0%), followed by glume color at
heading (83.0%), phenol reaction (81.0%), leaf
hairiness (77.0%), interval between the 1% and 2
nodes of panicle axis (69.0%) and shape of grain
(46.0%) in turn. In our study, Taducan was classified
as indica by isozyme- and SSR marker-based classi-
fication, but as japonica by Cheng’s index-based
classification. It might be related with the high
contribution rate of glume hairiness, glume color at
heading, phenol reaction and leaf hairiness. In
addition, JATRA MOTUK was classified as japonica
by isozyme- and SSR marker-based analysis, but
classified as indica by Cheng’s index-based analysis.
It might be explained with high contribution rates of
glume color at heading, phenol reaction and interval
between the 1% and 2™ nodes of panicle axis.
Therefore, we should pay attention to distinguish the
deviation due to the different contribution rates of
morphological characters in Cheng’s index-based
classification to identify indica and japonica.
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