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Original Research Article

Assessment of genetic diversity of elite Indian rice varieties using agro-

morphological traits and SSR markers

Ahstract

Assessment of genetic variability of the crop varieties is essential to: assure selection of
genetically divergent lines useful for the future breeding programmes. Thus, genetic
diversity assessment of 24 elite Indian rice vaneties was performed based on 24 agro-
morphological traits and 86 SSR markers. The morphological and grain trans exhibiting
significant variation are useful for discrimination of the nce vaneties und were conflirmed
by Principal Component Analysis. Genetic diversity assessment based on 3SR markers
displayed genetic similarity coefficienis and grouped the varieties into five major
clusters. The genetic population structure obtained was predominantly associated with
UPGMA clustering and the structure bar plot. Cluster analysis based on both phenotype
and SSR marker data did not show perfect congruence between the two measures of
genetic  diversity. However, the correlation between mﬂrphnlngi-:al amd  molecular

diversity was positive and significamt (r = 036 P<I0 ) indicating uvsefulness in
classification of rice varieties.

Key words: Genetic diversity. Agro-morphological. Characterization, Initun varietics,
Simple Sequence Repeats. Orvoao sativa

Rice (3rvza sarfva L.) is one of the most important crops that provide food for more than
half of the world population. It plays a vital role in the national food security in India snd
contribufes a major source of calories for the urban and roral populace (Swoki and Burr
2000 With changing consumer preferences and the demand by the expor morker, rice
breeding program in India has received sigmificant sttention with respect to mprovement
of yield with grain quality. In spite of more than 200 rice varieties have beon developed
in India, only considerable number of elite nice varieties have been relensed o suit

different agro-climatic conditions which includes in the present study contriboting ~ 29%
of the total rice production in the country and being cultivated In man - gpow g
states  (hitp-/fagricoopmicinl I order o prodece improved vanet funture,
assessment of the variability among these elite rice varieties is ulso essen winch swill
enpble the identification of genetically divergent varieties wseful in f brecifing
Programmes.

Characterization and genetic diversity of rice germplasm 15 well progre 1 Blob

nevertheless, knowledge regarding the amount of phenotypic and geno it o
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42 specific 1 the geographical region which will enable to design &ff £
43  programs in onder to achieve high productivity. Further, it hos o grea runce for
44 seed production, certification and cultivar propagation and implementatic Prodection
45  of Plant Vaneties and Farmer's Right Act of India (hitp./fwww o1y 0rE)
. Tradhtionally, morphological traits have been used to evaluate distl s and to
4T  establish broad description of rice varieties (Cooke lmf; Meesang et gl However.
48  despite the fact that the varieties growing in different oero-climoic I T
4%  substantially from each other in agronomical tradts, they are Jifficult 1o choe o g
50 only morphological characteristics recommended by the Internutional L/'J the
51  Protection of New Varieties of Plants (UPOV) descriptors ( Bonow . O
31 Moreover, rice breeding tends to produce elite varieties which are pheno sically |oss
33 distinct due to narrow genetic base of the populations and in Pantiong
M morphological traits seems inadequate because of environmemal infinenc Tl X
33 Besides, morphological variation does not always reflect real «onetic vari

56 genotype x environmeni interactions and the larsely unl ,)J B ol of
37 polygenic morphological and agronomic traits (Smith and Smi w52,

38  Molecular marker based approaches provide an opportunity o ook jnt Speoty rig
2% basis of the observed phenotypic variation in released varicties (Govindy ™0 1,
60 Different types of molecular markers such as RAPDs (Bhoan er a3 I,
61  2009), RFLPs (Mochida egaf. 2009), AFLPs (Aggarwl u_'.y/ 5l 1 vk
62  2006: Bhuyan et al.2007) have been used for estimiii it | 1

il =l T

63  development of molecular fingerprints in rice. Among the: , %
64  (55Rs) or microsatellites are the most popular markers in rice rescoreh () Wyt et ol
65 20K02). S5R markers are becoming markers of choice for ol ocnle oh o pod
66 genetic diversity studies in rice {Wong et gk 2008: Thoms 1y il 200, @

67  varicties in India has been developed ba%ed on few inpor fit4, mai et
68  flowening, pest and disease resistance, maturity and vicl o T , @
69  swdy based on molecular marker in particular has been el nist g
0 popular rice varieties. In view of the above, we attiempt 1 neteriee o timooe e
71 genetic diversity in elite rice varieties grown in India neime - SR
72 markers along with a correlation between the two diversii

73 Materials and Methods

74 Plant materials: Pure seeds (breeder seed) of 24 ¢l o il @
75 Acharya N G Ranga Agricultural University, Hwd | vl
76 University, Coimbatore and Directorate of Rice Resou il Vi
17 used for the present study (Table 1),

78

19 Agro-moerphological characterization: The field ex; o - AL
80  replications (5x6 m plot size with a spacing of 30 - i Wi
81  grown under screen-house simultaneously w confirm /! 2, i
82  Rice Research, Hyderabad, India during dry season 200/ 12 | &
83  stable and uniform morphological characteristics. Ten p! oo le d
84  tagged in each variety per replication. The highly varia' - | n n
83 traits in rice cultivars were selected on the basis of  rih Hisf 5 d
86 varieties (Keshavulu 20671 A set of 16 key plant mo: [1lo 1
87 qualitative and quantfative characteristics and their s r
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the National/Tndian guidelines for the conduct of tests for |
Stbility (DUS) (hetpe//www plantauthority.poy.in) {Supp!

Quantiative charactenistics recorded for two seasons were o
were used for statistical analysis. The grain quality traits

length and width, decorticated grain length and width, <h:
amylose content of endosperm (%) and gelatinization tempe

grouped as per DUS testing protocol (hirp:fwww plant:
SSR marker analysis: Total genomic DNA was isolate:|
per the protocol of Zheng el (1996), A total of 86 by
primer pairs [Supplcm-emarrrahlc 2) purchased from |
USA were used for PCR amplification, The SSR mar!
polymorphism content and distribution across the 12 |
carried out in 10 ul reaction containing 0.2 uM of each i
PCR assay buffer (50 mM KCL10 mM. Tris HCI (P
gelatin, 15 ng of DNA and 0.5 unit of Tag DNA p

T

||'}

o |

were electroph / 3% superline
stained with ethidium bromide and visualized under U
Data analysis: Univariate descriptive statisticnl (.
computed for mean, range, coefficiemt of vanatios
analysis, the data was standardized by subtracting the
standard deviation. Principal Component Analysi- (PC
grain traits with the standardized data. Euclides dis:
traits considered together, morphological traits and for e
in a dendrogram using the average linkage method ¢l
the molecular marker data, Jaccard's index was caloul |
varieties to generate a dendrogram. These analyses we
software packages Vegan 1.15-4 (Oksanen eral. (o
clear and unambiguous SSR amplicons were « o
among the cultivars as 1" and *0°, respectively. The |
further analysis. Sequential Agglomerative [l
clustering was done on the squared Euclidean i an
wias generated based on Jaccard's index by utilizing | !
NTSYS pc 2.0 software (Rohlf . Palymorplii<m
SS5R was calculated according 1o the formula: |
number of alleles detected for S5R marker and it

1973). All computations were, performed with oy
version 2.1 software {Rohli ).

The genetic structure in the elite Indian rice viiio
STRUCTURE 2.3.2 1Pri:ch;|.rdtfr‘3l- 2000 based
markers. STRUCTURE employs a model base |
Hardy-Weinberg and linkage disequilibrium an:!

that minimizes linkage disequilibrium. Markers 1

the rice genome and can therefore be assumed o [« |

of sub-populations (the K parameter), the datas:
ranging from 1 to 5, Five independent runs we:

performed with initial denaturation at Qﬁfar-imim\
30 see, § ' =
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133 parameters were st to their defaolt values. An ndmi+ n
36 account for some individuals having mixed ancestry. f
137 sub-populations was determined based on likelihood 1
I38  rum using AK, an ad-hoc parameter described by Ewe =
138 membership in each population was generated using 51

140 For comparisons between the phenotypic and genotvy n
141 rank irs) correlation coefficient was calcufated betwe.: h
141 vanety. across all the datasets. The “P" value for the cor |
143 according to each distribution. To determine the simi!: . r
144 was tested using the Mantel Z statistic (Mantgl, 4967 ! e
145 R package aded (C ['h:s..r.;ilép{ al. 2009}, which calculan: B
146 P value. Significance of"% was determined by compar’ |
147 and by calculating Z for one matrix with 2000 permu

148

149

150 Results and Discussion

151  Merphological characterizarion

152 Characterization and genetic diversity assessmen| ol : trmt ik
133 view of identification and selecting suitable paren : il
154 combinations as well as, for protecting genots s utl o L
155 Modem breeding makes the use of natural processes | s:0 Dl le
156 genetic diversity to create new genotypes (Xu o V/ o thi LT et
157  information on the extent of genetic diversity availub! et fevir 1
158 genotypes efficiently. Characterization of 24 elie 1 | Pt it
159  study showed considerable variation in all moEpl- is | ¢
160  and quantitative morpho-grain traits for plant 1 av i %
161 observed and their distribution among the varieti- v il 1
162  case of quantitative traits, the coefficient of variation n g h
163 of main axis) to 25.67 per cent {stem thickness) o “ 2
164 3). The highest variability was observed for s i i f
165  length (21.05%) and grain weight (19.47%). The | |
166 from 19.5 cm (RNR 23064) 1o 47.50 cm (WGL. || he L 2
167  highest (1,45 cm) leaf width were observed in .11 mi! T S ; :
168 Among the quantitative traits, time of heading wii | T8 LRSS o
169 122 days (MTU 5249), The lowest stem length (111 ih N 5,
170 while MTU 1010 showed the highest (99.0 ¢ | @
171 lowest stem thickness (0. 54 cm) against the hic! Jrs q
172 Tellahamsa and MTU 2077 respectively displa, r 2. £
173 longest (147.33 days) time of maturity, respect e =
174 important to distinguish the rice cultivars, The e of n
175 reported as a useful trait by Net 003} Acco N b e
176 of plant protection Act of India afd also as per 1| ' g
177 suitable for classification of the varieties. One F
178 cultivated rice was. variation in the size and sh 2

179 traits, only panicle awn trait displaved no vari e
180 20471. The rice varieties were grouped inta fiv. i

&
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very shont (Kalasjeera), short (ADT 43, BPT 50
Mahsuri, MTU 7029 and RDR 7555), mediom (A 5]
2077, MTU 5870, MTU 5249, RDR 783, WG,

MTU 1010, WGL 13400, WGL 20471 and R

gram traits showed considerable variation amon, -
weight was lowest in JGL 384 (13.5g), while the
(26.5g). The variety Kalajeera with the lowe

Tellahamsa had shown having the highest (10,7 my
grain width was very nammow (1.80 mm) and i+ DR
Based on the decorticated grain length, the vori1 . ran
mm (WGL 13400), while the decorticated eriin vidt!
WGL 2047 land very broad (2.70 mm) in RI3: 7 35,

as the presence of awns, length and width of v < w

grains were useful for variety characterization. 11 b res
ranged from 2,72 (land race Kalajeera) to 4.5 sllal

{1996}, grain size and shape are important con o ents
vaneties and also for determining consumer o epto
slender varieties were late in flowering and &/ 1+ we
these varieties and other varieties of rice. The v we
by amylose: amyvlopectin ratio is a useful measvro o o

al. 1952), In the current study, all the varieties pcs | m
1010, RDR- 7555 and Tellahamsa which hov d |
respectively.

The broad morpho-grain trait diversity exist | 3 g

indicated fair distribution of varation ac s Il o
significance of agro-morphological character: in . ors

been well documented tBujracha%/::nL 20115, a

(1992). a set of morphological thits are ws ul o
other. A set of 12 morphological traits wiz.. it le o
and maturity, stem length and thickness, le s b
length and width of seed, shape of grain, sh e dec
temperature were useful in characterization of the

Principal Component Analysis (PCA)

The principal characters with higher Eiger veo'os

separate groups in the first seven component are s
were scattered by their component scores of he !irst -
with Eigen value higher than onc and expl e’ a o
varigtion components. The first PC explair -d 18,32
related to quantitative variation of leaf length and vidt!
panicle number per plant and qualitative i liks
pubescence of leaf blade, attitude of culm ar | o 'atin
PC, which explained 14.59 % of the total v iati 1, p

and width of blade, time of heading, stem I «th, tim
leaf blade, panicle curvature of main axis, nd grai
decorticated grain width). The third principal cor hone
the total variation, was dominated by traits 511« Jas

grain and decomicated grain length and sh g |

Ll
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blade, stem thickness, time of maturity, grain longth,

anc grain guality traits ( grain weight, gruin width
endosperm amylase content and gelatinization temper::

traits associated with the fourth principal component, »
total variation. Principal components 5, 6 and 7 sccoun
% respectively of the total varfation and the muin ch:
were positively related to the width of leaf blale, ster
axis, leaf pubescence of blade surface, panicl. v o, ste
of blade. The first three PCs, which contribute! t 15%

graphically o demonstrate the relationships berwes

evidenced considerable diversity among the vt jes, |
differentiate the varieties according to their pedic oo w
not form clear-cut distinet groups. The varni o
been developed to suit different rice grow iy

based on their grain type. There were eigl i
landrace cultivars viz., ADT 43, BPT 520, 10 . 38
MTU 7025, RDR 763, and a landrace Kalaje: hich
PClcompared to other medium and long gra: eli
the most divergent single line group compu I
PC1 while the medium and long slender and L

Rice Research station other than RPW 6-17 i
MTU 2077, MTU 4870, MTU 5249, MT!
markedly distinct from the athers in the PC2

24, RDR 7555 and RNR 2306 showed high

PCT vectors explains progressively less of 1l it
grain quality characteristics.

The combined PCA of the qualitative and qu:

of the varieties into one group, while a o

Eigen values spread up to seven vectors, s

variation components. In concurrence with i

use of highly adapted genotypes with |
programmes. In PCA of the present study.

the total variance that was observed to g«

plant morpho-grain traits. The landrice and

in the PCA plot which may be due 1o its o

(www. mssrforg/bd/ebooksfebookR pdf) o

imdica, Further, Oka a hang {1961} al:

and cultivated types in the rice populations

GEB 24, ASD 19, RNR 23064, Tellaham

distinct from the others and remained scal
morphelogical differences among 1hem ac

panicle, decorticated grain length and g

analysis in general was consistent with

slender varieties displaved a tendency 10 .
(2005), the diversity among varietivs can | L
and phenotypic diversity, permitting o mo

those obtained solely by phenotypic or ge

The averape intru and inter-cluster iist
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276  distances are presented Figure 2. Intra=closer ol i r
277 II) to 0.0 (cluster V). Based on the inter-c = -
278 (10001 occumed between cluster 11 ancd wh i 5
279  between cluster I and IV. The inter-clu 5 . .
280  were moderately divergent. Cluster woal s be i i
28]  morphological waits classified the varieti thve nns
282 and it revealed considerable diversity amiie the L
283 MTL 2077, BPT 5204 and MTL 4570} iu I 1
284  group 2; MTU 7029, WGL 13400, JGL | | =
235 17, MTU 5249, GEB 24 and MTU 1001 - L
286 Mahsuri, MTU 2067, WGL 20471, A L t
287  morphological similarity and were place: P 8 1

288 group 5 and was separated from other van iz 4

289 different with respect to many of the | r
200 distance observed between Il and V clu !
291  and the landrace Kalajeera, while the | [
292 and IV clusters may be due to the clise | - T
203 parentages or grain type. The specitic groo h 8
294  and grain type up to some extent indicat ix 5
295  for genetic diversity analysis. For e, 1he o ' 3 }
296  and JGL 384 (Kavya / BPT 5204} ool 21T | U
297 5249 (MTU 4569 x ARC 66507 «hovacd  mw ed
298  at least one common parent in their pedooc -

299 Molecular characterization

300 Atotal of 251 alleles were amplificed 1.5 f =
3 (primers/chromosome) of 24 rfce var ¥
302  primer pair ranged from 2 o 6 1 Vi 31 n 1
33 content (PIC) for these rnurken i fi ] I he
34  markers viz., RM 226, RM 11277 6 v st
305  number of alleles (6 each), and wa- [0l o a,
306  and BRM 333, The SS5R markers M 11T I s Wi
307 336, RM 248, RM 72, RM 206, F 3 -
0B number of alleles observed for 2. | . -
308 2. The Jaccard's similarity coefficie: ' f
310 (Kalajeera Vs RDR 7555) with o o E ' il
311 4). In pair-wise comparisons, lea I 4
312 and JGL 1798 (0.26) whereas, 13 y
313  index (0.76). The Figure 3 sho ¢

314 amplification pattern, the varieti :
315 Muyjor cluster | consisting of JGI. 5 .
316 23064, ADT 43, ASD 19, GEB 4. M I
37 73.30 % similarity, whereas clus v I ,

31% TeHahamsa and RDR 7555 had e 1
39  consisted of MTU 2077, MTU ! 3
32)  gruin voarctics with & similarity \ 1
321 landrace, Kalajeera were disting 2
322  separated into cluster IV and <l 5

323 gmouped the vaneties m each clus ' ir o ke
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background. Based on marker du

The varieties, JGL 384 gnd JGL. 179

Bsng same parests for medium

vaneties namely BPT 3204, WG
RDR 763 were grouped in the
together when morphological ch
S5R markers 15 highly favourab
markers BM 226, RM 11229, R!
varieties which formed five major
short. medium or long slender g
other cultivars in diverse geo:
genetically diverse, and it bec
coefficiemt between the varteti
observed between JGL 1798 Vs
%) and BPT 5204 and WGL 14
of their closely related parental |
and the rest of varieties, as empl
distinct origin of Kalajeera (East
MTU 2067, MTU 4870, MTU

similarity ranging from 0.34 to

released from Regional Agriculi
India using similarly adapted ge
vaneties with one of the genot
Mahsuri and short bold variety M
one of the parente for MTU 7029
one cluster showed similarity as

interestingly both of them possc
RDR 763 and BPT 5204 did no
Also the varieties, IR 64, MTU 2

not a part of the same cluster, w.
selection criteria adopted for the o

demonstrated the efficacy of 551 |
between closely related genotyy
present study, out of 86 SSR murk
BEM 204, RM 11229, RM 16157, |
RM 248, RM 307, RM 324, RM °
of closely related elite rice varien.
Population structure

A model based statistical analysi-
polymorphic loci to recognize /e
structure could be elucidated with n
explained in the materials and
existence of a population struct
estimates of P{X/K) were obtained .
structure was inferred based on
identified among the 24 varietie:

in each of these populations, ! on
membership were <0.50, line was ¢
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membership. Each line's estimm
depicted in a STRUCTURE bar !
provided 1n Table 5. Cluster | o
varieties except GEB 24, Mahsuri
ilong bold typesi varieties except M
while the cluster 3 comprised cip!
Population structure based on O v
UPGMA tree from the distance b
statistics values between clusters
(LOBOS and 0.2079 in between

indicating to high differentiation
documented in rice [.Jgsdé':na £ )
analysis, Nelsop/et al. (2008) il d six

genotypes. THE present study. ¢
varieties were assigned into con
more than 0.53 except ADT 43 (i
membership with cluster 1 (). 3"
7029, Mahsuri and landrace K:
membership with cluster 3 group | i
the shared ancestry could be beca b
pedigree of these varieties in
simulations in strucrure populu

could have received gametes fr

medium slender types.

Comparison of phenarvpic and

The correlation between genoty)

significant (r = 0.36 P<10 : s -
between GS and MS matrice:
correspondence between the 1w
cultivars of rice which were ob:
some discrepancies between the © w
(Fig. 3) were observed, especia!
EPW 6-17, ASD 19, IR 64, M
genetic structure Q values and |
for the 24 varieties correspon:
relationship and morphologica!
variety WGL 20471 and land!
unknown linkage with serwcron
The correlation between morph:
among the varieties, Three o
classifications. The first group
including a landrace Kaljeers
of all the medium and long s
State Rice Research Institute o
varieties viz.. JGL 384, JGL 17
were so diverse with respect ¢
refationship could be found b

and M
min (sh
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traits. Similarly, high corres
oeen documented among ric
obterved in the present study
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could have sebecied for partic
adaptation

In conclusion, SSR  markes
charscterization of elite Indian r
maorphological traits can be 1
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650  Table 4 Contribution pe A p cipal
631 components of elite Indi Vet
_Factor I 7
Contribution percentage { % ) B33 539
L_Chur_iftll.‘_!l'_!:_ - PR e ;
| Lengith of leaf blade {cm) |.738 - 0518
Width of Leaf blade (cm) e 1661
Time of heading (days) } 0093
Stem length (cm) | 0253
Stem thickness (cm) L A 1,238 |
{ Panicle length of main axis (| L4h - = 1.616
Panicle number par plant el = (1135
Time of maturity (davs) (108
1000 grain weightig) l 1772 |
Grain length (mm) 0.504 |
Girain width { mm} 1434
Decorticated grain length (1 -3 3 = -1.084
Decorticated grain width (mui f L K 0.962
Intensity of green leaf Colour 3 1.274
Pubescence of leal blade surfie P 1441
| Amitude of culm L3635
Flag leaf attitude of blade el
| observation b474d |
Flag leaf attitude of bladc
observation g — L7960
Curvature of main panicle ax 1065
Panicle awn 1,227
Panicle exsertion 1,540
Decorticated prain shape 1,691
Endosperm amylose cont | | 16
Gelatinization of tempera : 1,732
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fi53
54
655 \_/
B35
657
658
659
Hiedl
651
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