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ABSTRACT KEYWORDS
Genetic diversity among 26 rice genotypes from different geographical Artificial screening;
origin was investigated using molecular markers. The genotypes were Genetic Diversity;
screened for the leaf blast disease reaction at two different hot spot envi- Leaf blast disease;
ronments. The disease reaction scores were compared with the clustering Oryza Sativa;
pattern. Themean marker index (M1) for the primerswas2.082. Theaverage Magnaporthe grisea;
pair wise similarity values based on their geographical origin revealed that Mapping polulation.

the South East Asian genotypes had the highest value of 0.664, followed
by (0.604) South Asian genotypes. Most of the pair wise comparisonsfell
into the similarity range of 0.601-0.700. Clustering based on dendrogram
revealed two major clusters and 5 sub clusters. The South East Asian
genotypes and South Asian genotypes clustered together in al branches
of dendrogram indicating that both groups were diverse, except the major
cluster ‘2’ consisted all of three South Asian varieties. In Principal Coordi-
nate Analysis (PCoA), the first three coordinates, accumulated 98.06 per
cent of total variation. PCoA revealed three major groups. Thefirst coordi-
nate does not discriminate any of the genotypes based on the geographi-
cal origin, but the second and third coordinates differentiated South East
Asian and South Asian genotypes clearly. Genetic diversity analysis of
rice genotypes with RAPD marker system and phenotypic screening for
blast resistance reveal ed that White Ponni (susceptible) and Moroberekan
(resistant) were genetically distant and contrasting parents for leaf blast
resistance for mapping population development. There is a partial dis-
crimination of the RAPD markers to distinguish leaf blast resistant and
susceptible genotypes into separate clusters by the principal coordinate
analysis. © 2009 Trade Sciencelnc. - INDIA


mailto:immmer@gmail.com;
mailto:imm_mer2003@yahoo.co.uk

220

Mapping population revealed by molecular markers in rice

BTAIJ, 3(4) December 2009

FULL PAPER o
INTRODUCTION

Riceistheprimary food for morethan threehillion
people around theworld, providing the staple diet of
morethan hdf of theworld’spopulation. Theestimated
doubling of the population by 2050 will requireasimi-
lar increaseinfood production. Thishasto beachieved
by the development of highyieldingricevarietieswith
improved nutritional quality and tolerancetobioticand
abiotic stresses. Asia’s ‘Green Revolution’ achieved
withincressein crop productivity that were sufficient to
lower theproportion of popul ation sufferingfrom chronic
hunger from 40 percent to 20 percent, whilethe overdl
population growth is more than doubled. In addition,
by increasing yiddson land dready in production, hun-
dredsof millionsof hectaresof tropica forestsand other
natural environmentswere saved from conversionto
agriculture¥, Unfortunately, theseexpectationsareshort
lived becausethelarge areas of highyielding but ge-
netically identical cultivarsproved to besusceptibleto
pest and diseases. Among the biotic stresses diseases
continueto bethe magjor threat for increased produc-
tion. Hence, the most urgent need isto increase the
yield of rice by managing the problems caused by bi-
oticand abiotic stresses.

Nowadays, modern molecular marker technologi-
cd toolbox availableto plant breedersand pathol ogists
offersseverd new possihilitiesto manifesttheill effects
caused by various mgjor disease causing pathogensre-
sulting in severeyield losses. The possible waysto
counter suchyieldlossesiseither identification of ress-
tant varietiesavail ablein nature without compromising
theyield or by incorporating combination of major re-
sstancegenesinhighyidding varietiesto increase pro-
ductivity and crop diversification, whiledeveloping a
moresustai nableagriculture. Theother way isby euci-
dating the basisof plant resistancethrough acompre-
hensveandysisof themolecular eventsthat occur dur-
ing pathogen-host recognition and the subsequent de-
fenseresponses.

Plant biotechnology applicationsmust not only re-
spond to the chalenge of improving food security and
fostering socio-economic devel opment, but in doing
S0, promotethe conservation, diversification and sus-
tainable use of plant genetic resourcesfor food and
agriculture. The narrow genetic base of rice (Oryza
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sativa L.) cultivarsposes achallengefor long-term
improvements of yield and susceptibility of the geno-
typesto major diseases. Molecular marker analysis
can beused to quantifythe divergenceand similarity
of rice genotypesbased on which rational strategies
can be adopted for the selection of suitable entries
with broader genetic base and desirabletraitstoin-
corporate them in future breeding programs.

Knowledgeof genetic divergty present withinaspe-
ciesisapre-requisitefor the devel opment of mapping
popul ation by selecting the suitable parentswith broad
genetic baseand greater amount of divergence between
thetwo genotypes. Genetic diversty studiesemploying
variousmolecular markersat DNA level in combina
tion withthemorphological traitsof the sel ected geno-
types enabl e breedersto formul ate successful hybrid-
ization programmes.

The rice blast disease caused by Magnaporthe
grisea (Hebert) Barr. (Asexua form known as
Pyricularia grisea (Cooke) Sacc.), isone of the most
seriousfungd diseaseswhich arewidespread threaten-
ingtheworldrice production. Geneticresistancetorice
blast hasbeen and continuesto be extensively used by
rice breeders and pathol ogiststo combat this disease.
Numerousracesof thefungusare prevaent. Blast re-
sistance genes, commonly caled Pi asgenes, provid-
ing abroad spectrum of resi stance against the most
prevaent racescan beextremdy vauableinricebreed-
ingeffortd?.

In many cultivars, blast-resistanceis quite short-
lived infield conditions asthe pathogen mutatesvery
often favored by the environment to spread the dis-
ease. Hence, breeding for moredurably resistant culti-
vars has become a priority in rice improvement
programmes throughout the world. Tremendous ad-
vancementsin DNA marker technol ogy together with
the concept of marker-assisted-selection (MAS) might
providenew solutionsfor selectingand maintainingmore
durableres stant genotypesinrice. Integrating molecu-
lar marker technol ogiessuchasMASinto breeding strat-
egiescould becomeincreasingly important inthe com-
ingyears, toredizethe genetic gainswith greater preci-
sion and accuracy.

Molecular markersareuseful toolsfor monitoring
geneintrogressionsand to detect polymorphism among
species. Theuseof molecular markerscan helpinesti-
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mating theoverdl genetic variability, visudizethepro-
portion of thegenomeintrogressed from thedonor, iden-
tify the genesrelated to theincreasein the phenotypic
vaueof andyzedtraits, and then allow marker assisted
selection in subsequent generationsof theseintrogres-
sonlinesd,

Several types of molecular markersareavailable
today, including those based on restriction fragment
length polymorphism (RFLP)™, random amplified poly-
morphic DNA (RAPD)®8, amplified fragment length
polymorphism (AFLP)1", and S mple-sequencerepesats
(SSR9) or microsatdlitemarkers®. InRAPD technique,
DNA polymorphismsareproduced by “rearrangements
or deletionsat or between oligo-nucleotide primer bind-
ing sitesinthe genome”>9 asit providesaconvenient
and rapid assessment of thedifferencesinthegenetic
composition of therelated individual s and has been
employed inalarge number of plantsfor the determi-
nation and assessment of genetic diversity. They are
dominant, small anountsof DNA required, quick and
ample inexpensve, multipleloc fromasngleprimeris
possible. Locus-specific, co-dominant PCR-based
markers can be devel oped from RAPD markers. With
the help of RAPD, genetic variations have been de-
tected, both, within and between speciesof plantg®4.
Inthelight of the abovefactsand considering the po-
tentialsof DNA markers, the present study wasunder-
taken with thefollowing objectives: (1) to assessthe
genetic diversity existing in therice genotypesthrough
molecular markers. (2) to screentherice genotypesfor
leaf blast diseasereaction at two environments. (3) to
comparethe disease reaction pattern with the genetic
diversity resultsand (4) to select theblast res stant and
susceptible parent for effecting hybridization and de-
velopment of mapping population.

EXPERIMENTAL

Plant materials

Twenty six cultivarsof riceOryza satival ., repre-
senting different geographica origin, commonly used
astheparentsin programmesamed at developing high-
yieding hybridswith blast res stance were selected for
thisstudy (TABLE 1). These genotypeswere obtained
from Paddy Breeding Station, Coimbatore and Central

RiceResearch Ingtitute(CRRY), Cuttack, whichincudes
6ARBN lines(Asian RiceBiotechnological Network)
introgressed with | eaf blast diseaseres stance genes.

Field screening for leaf blast diseasereaction

All thericegenotypeswere screened at Hybrid Rice
Evauation Centre, Gudaur, Tamil nadu, India(hot spot
for leaf blast), where disease occurrenceisthroughout
theyear and maximum during winter season. Each en-
try wassowninasinglerow and replicated thricewith
every adjacent row planted with Bharti(ahighly sus-
ceptiblelocd cultivar for leef blast). Theentirenursery
wassurrounded on al sidesby tworowsof Bharti, asa
spreader sourcefor the pathogen. The observation of
disease reaction was recorded, when the susceptible
check was severely infected by leaf blast.

Individua plant in each entry was scored based on
thelesf blast severity following Standard Eva uation Sys-
tem(*® on a0-9 scale asdetailed at 35" day after sow-
ing, when the susceptible check (Bharti) wasfully in-
fected. 0- Nolesionsobserved. Score 1-Small brown
specksof pinpoint szeor larger brown speckswithout
sporulating centre. Score 3-Small roundishto dightly
€longated necrotic grey sporulating spotsabout 1-2 mil-
limetersindiameter withadigtinct brown margin. Score
5-Narrow or dight éliptical lesions, 1-2mmin breadth,
more than 3mm long with brown margin. 7-Broad
spindle shaped lesion with yellow, brown or purple
margin. Score9-Rapidly codescing smdl, whitish, grey-
ishor bluishlesionswithout distinct margins. The Po-
tential DiseaseIncidence (PDI %) percent wasworked
out using theformulagiven byl :

PDI %=(Sum of numerical rating/Number of leavesob-
served)x(100/Maximum disease score).

Artificial screeningfor leaf blast diseasereaction

Artificid screeningfor riceblast diseasewasdone
at the Paddy breeding Station, Coimbatore, India, ina
specialy constructed screen house. Itisprovided with
goodirrigationfacilitiesand it consisted of mist blow-
ers, which can spray water inafinemistingdethecham-
ber. Subsequently, the seedlingswere misted 4-5times
aday and therequired temperature and humidity for
disease manifestation was maintained throughout the
observation period. The screen house was maintained
at 32 to 37C (day temperature) and 94 to 96% relative
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TABLE 1: Detailsof thericegenotypesused in thisstudy and their geographicorigin

'\i Genotypes Pedigree Habit D(uc;glsgm C';: ﬁe(:c?icgn Geg?ir;ﬁhl ¢

1 Ajaya IET 4141/ CR 987216 Semi dwarf 105 India South Asia

2 ASD16 ADT 39/CO 39 Semi dwarf ~ 110-115 India South Asia

3 BPT 5204 GEB-24/T(N) 1/ Mahsuri Semi dwarf ~ 140-145  India South Asia

4  CB 98002 TNAU 89093 /ASD 5 Semi dwarf 130 India South Asia

5 CB 98004 TNAU 89093/ ADT 40 Semi dwarf 130 India South Asia

6 CB 98006 Ponni / CO 43 Semi dwarf 135 India South Asia

7 CB98013 CO45/1R64 Semi dwarf 138 India South Asia

8 PusaBasmati Pusa167/Karnal local Semi dwarf 115 India South Asia

9 IR50 IR 2153-14/ IR 28/ IR 36 Dwarf 115 Philippines South East Asia

10 ARBN 138 &L%Tgﬁg%?éﬂlg‘% Dwarf 135  Philippines South East Asia

11 ARBN 142 BL 142 Semi dwarf 130 Philippines South East Asia

12 IR36 Ig rlufiglraz/Z/SC”RI 9R42:'34 / Dwarf 110 Philippines South East Asia

13 IR64 IR 5657-3-3-3-1/ IR 2061-465-1 Semi dwarf ~ 115-120  Philippines South East Asia

14  Milyang 46 Doosan 8/ Sacheon 8 Dwarf 110 South Korea South East Asia

15 Tadukan Philippine indica cultivar (Luzon) Semi dwarf ~ 130-135  Philippines South East Asia

16 Tetep Vietnamese indica cultivar Semi dwarf  130-135  Vietnam South East Asia

17 TN1 Chow-Woo-Gen / Tsai-Y uan-Chung. Dwarf 120-125 Taiwan South East Asia

18 WhitePonni  Taichung 65/2 / Mayang Ebos- 80 Tal 125-130 Malaysia South East Asia

19 ADT 43 IR 50/ Improved White ponni Semi dwarf 110 India South / S.E. Asia
20 CO43 Dasal / IR 20 Dwarf 130-135 India South/ SE. Asia
21  ARBN 153 C-101-Pai Kan Too (japonica) Tal 110-115  China Central Asia

22 ARBN 97 RIL 45 (Moroberekan / CO 39) Semi dwarf 135 India South Asia/ Africa
23  ARBN 139 RIL 10 (Moroberekan / CO 39) Dwarf 140 India South Asia/ Africa
24  ARBN 144 RIL 249 (Moroberekan / CO 39) Semi dwarf 135 India South Asia/ Africa
25 Moroberekan  Guinean (West Africa) cultivar, japonica  Semi dwarf 130 Guinea (Africa) Africa

26 Columbia-2  Columbian indica cultivar Semi dwarf 135 Columbia Latin America

humidity (RH) for the potentia diseaseoccurrence. The
rate of sporulationincreaseswithincreaseinrelative
humidity provided with lower night temperaturewith
minimum of 20 degreesCelsius. Thevarieties, TN 1,
IR 50, TKM 9, CO 39 and ASD 16 were used as
infector lines. Theseeds of these varietiesweremixed
and weresown at the border rows of each bed. After a
period of ten days, the entries to be screened were
sown on the nursery beds in between infector rows.
Each entry was sowninasinglerow with at least 25
seeds per row.

Artificial sporulation, inoculation and scoring

Severdy blagt affected leavesof TN 1, White Ponni,
IR 50 and CO 39 showing large spindle-shaped le-
sonswith dark-brown margin and greyish centrewere

collected as source for inoculation from the Paddy
Breeding Station, Coimbatore during the wet season.
W |l-devel oped susceptiblelesionswereidentified, ex-
cised and washed in runningwater for 15-20 min. The
leaf bitswere surface-sterilized with 0.01 per cent Mer-
curic Chloridesolution for 45 seconds. They werethen
washed seridly with steriledouble-didtilled water thrice
and alowedfor sporul ation on stexilized glassdidesby
incubating them in amoist chamber at 28°C for 48 h.
Well-sporulated lesionswere placed in double-distilled
derilewater intest tubesand vortexed for 1 min. About
1ml of sporesuspension wasadded to sterilized plates
and 4 per cent lukewarm agar wasadded. Single spores
werelocated and picked up microscopicaly. Each spore
was eventually transferred to potato dextrose agar
(PDA) dants. Thedantswereincubated at 28°C for 2
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days and stored at 4°C and the monosporic culture
was used for inoculation. The same procedure described
previoudy for artificia sporulaionintheir studiesby!*?
wasfollowed.

The seedlings were sprayed with the spore sus-
pension of the blast fungus cultured in thelab in oat
meal agar medium, using ahand sprayer. The spore
concentration was adj usted to 5x10* conidia/ml for
inocul ation*®. Spraying of the blast spore suspen-
sion culturewasdoneat regular intervalsto enhance
sufficient load of thefungus. The observation onthe
diseaseincidence wasrecorded; when the suscep-
tible check (Taichung Native 1) was severely infected
by blast. Individual plantsin each entry were scored
based on the leaf blast severity following Standard
Evaluation System!* on 0-9 scale at 25" day after
sowing; theresistant check used was IR 64. Obser-
vations were recorded from 25 plants, when they
wereat third leaf stage. The diseasereaction of each
line was scored according to the Standard Evalua-
tion System and classified.

DNA extraction

DNA from all the 26 genotypes were extracted
and purified following the protocol described by!9
with slight modifications. DNA was checked for its
purity and intactness and then quantified. The crude
genomic DNA wasrun on a0.8 percent agarose gel
stai ned with Ethidium bromidefollowing the protocol
of?% and was visualized in agel documentation sys-
tem (Alphalmager ™1200, Alphalnnotech Corp.,
Cdlifornia, USA). Intact and pure genomic DNA was
assessed with agarose gel dectrophoresis. Then, it was
guantified with flourimeter (DyNA Quant™?200,
Hoefer, CA, USA). Based on the quantification data,
DNA dilutionsweremadein 1 X TE buffer for avol-
umeof 250 ul (working solution) toafina concentra:
tion of 15mg per ul and stored at 4°C.

Molecular marker assay

Twenty six rice genotypes collected from different
geographical regionswereused for thisstudy. RAPD
analysis was carried out on these genotypes at Mo-
lecular Marker Assisted Selection Laboratory, Dept.
of Plant Molecular Biology, Tamil Nadu Agricultural
University, Coimbatore, India. A total of 53 decamer

primers supplied by Operon Technologies Inc.,
Alameda, California, USA were used in the study of
genetic diversity analysisfor 26 rice genotypes. Out of
53 primersused to amplify twenty Six rice genotypes,
only 36 primersgenerated clear banding pattern. Am-
plification reactionswerein volumesof 20ul containing
10mM TrisHCI (pH 9), 50mM KCI, 1.5mM MgCl2,
0.001 per cent gelatin, dATP, dCTPR, dTTPand dGTP
(eacha 0.1mM), 0.2mM primer, 25-30mg of genomic
DNA and 0.3 unit of Tag DNA polymerase. Amplifi-
cationswere performed in 96 well thinwall polycar-
bonate microtitre plates (Corning Inc.) inaPTC 100
Thermal cycler (MJResearch Inc.) programmed for
35¢cyclesof 1minat 92°C, 1minat 36°Cand2minat
72°C preceded and followed by 2 minat 92°C and 10
min at 72°C respectively. PCR Amplified products
(15ul) were subjected to dectrophoresisin 1.5 per cent
agarose gelsin 1X TBE buffer at 60V for 1 husing
Bio-Rad® submarine e ectrophoresisunit. Theelec-
tronicimage of the Ethidium bromidestained gel was
visudized and documented inagdl documentation sys-
tem (Alpha Imager ™1200, Alpha Innotech Corp.,
Cdifornig, USA).

Data analysis

Only the clear, unambiguous markerswere scored.
Each band was considered to beasinglelocus. Mark-
erswere scored for the presence and absence of the
corresponding band among the genotypes. The scores
‘1’ and ‘0’ indicates the presence and absence of bands
respectively. DNA band size was estimated by com-
paring DNA bandswithal Kb DNA ladder or lambda
DNA Eco RI and Hind 11l double digest (MBI
Fermentas, India). To measuretheinformativeness of
the markers, the polymorphism information content
(PIC) wascalculated. Marker index (M1) was cal cu-
lated. Based onthe M|, the primerswere ranked and
accordingtotherank first 5, 10 and 15 primerswere
selected and regarded asinformative primers.

Genetic amilarity (GS) between genotypesi andj
was estimated by using Jaccard’s coefficient, as de-
scribed by?t. Markerswith missing observationsfor
genotypei and/or j werenot included intheca culation
of GSij. Based on thegenetic Smilarity matrix, anun-
weighted pair group method of arithmetic average
(UPGMA) cluster anadysiswas used to assessthe pat-
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tern of diversity among thericegenotypes. All calcula-
tionswere performed by usingNTSY S-pcverson 2.1
software*®. Principa coordinateanaysis (PCoA) was
doneto obtain atwo dimensional scatter plot of indi-
viduals, inorder to visudizethegrouping betweenthe
individuals. Therobustness of the clustersin the den-
drogram wastested by bootstrapping with thesoftware
package WINBOOT, developed at the International
Rice Research Instituté?,

RESULTS

Natural and artificial blast disease screening

Among the genotypes screened, highly significant
lower mean disease reaction score (2.30and 0.84) and
mean PDI per cent (25.25 and 9.33) wasrecorded by
Moroberekan in naturd and artificia screening respec-
tively. Thehigher mean diseasereaction scoresand mean
PDI % was recorded by IR 50 (7.79 and 87.78%)
followed by White Ponni (7.52 and 83.54%) under
natural conditions. Higher mean diseasereaction scores
was recorded by TN 1 (8.60 and 95.55 %) followed
by White Ponni (8.50and 94.50), under artificia con-
ditions(TABLE 2and TABLE 3).

Amongfifty threerandom primersusedinthisstudy,
thirty six primersdetected atotal of 325 ampliconsin
twenty Six genotypes, out of which 245 were polymor-
phic. Thetotal number of markersvaried from4 (OPM
17)to 17 (OPM 4 and OPBE 18) with amean of 9.03
markers per primer. The number of polymorphic mark-
ersfor each primer varied from 2 (OPE 18 and OPM
8) to 17 (OPM 4) with amean of 6.80 polymorphic
markersper primer (TABLE 4). Theamplified product
size ranged from 83bp to 2850bp. The PIC vaues
ranged from 0.434 t0 0.137, withamean PIC value of
0.264. The marker index among the primersranged
from 7.378 to 0.332 with the mean marker index of
2.082.

Genetic diversity levels

Jaccard’s coefficient of smilarity ranged from 0.470
t0 0.839 with amean of 0.640. Most of the pair-wise
amilarity valuesfel into therangeof 0.601-0.700. The
genotypes Tadukan and ARBN 97 had highest genetic
similarity value of 0.839 followed by CB 98013 and
ARBN 139 withavaueof 0.787. The genotypes BPT

TABLE 2: Riceblagt diseasereaction at HRE, Gudalur (Fidd
screening)

Mean Mean Blast S

Covopes meme D amme ST S TRC NS
ARBN 97 278" 30.96 R 0.340 1701 2893  0.702&0.941
ARBN 138 257" 2859 R 059 2972 6840 1227&1.730
ARBN 139 236" 26.22 R 0.270 1352 1827 0558&0.791
ARBN 142 3307 36.74 MR 0574 2.868 5227 1184&1.655
ARBN 144 6.05" 67.25 MS 0432 2.160 4667  0.892&1.265
ARBN 153 252" 27.99 R 0.623 3113 6.663  1.285&1.782
IR64 0.60" 6.67 R 0.208 1041 1.083  0.438&0.805
CB 98002 348" 38.66 MR 0530 2.651 7.027  1.094&1.546
CB 98004 310”7 34.51 MR 0.399 1993 3973 0.823&1.137
CB 98006 510" 58.58 MR 0494 2471 6107  1.020&1.446
CB 98013 0.60" 6.67 R 0.329 1645 2707  0.438&0.805
Columbia2 0.30° 333 R 0.115 0577 0333  0.238&0.334
Moroberekan  2.30" 25,57 R 0.383 1915 3667 0.790&1.104
Milyang 46 257" 2859 R 0.462 2.309 5333 0.953&1.308
Tadukan 0.50 556 R 0.673 3.367 6333  1370&1.896
Tetep 0.33 339 R 0.374 1.869 3493  0.772&1.069
IR 50 779" 87.78 S 0.360 1523 2333 0631&0.882
N1 729" 81.33 S 0503 2517 6333  1309&1.444
White Ponni 752" 8354 S 0.605 3.026 9157  1249&1.764
BPT 5204 707" 78.58 S 0.408 2.040 4160 0.842&1.194
ADT 43 3307 36.74 MR 0.608 3.040 7240  1.255&1.756
ASD 16 7.08" 78.66 S 0.346 1732 3.00 0.715&1.00
co43 259" 2877 R 0.400 201 435  0.826&1.167
gu;n i 295" 32.77 R 0.562 2812 5907 1161&1.644
Ajaya 518" 57.62 MS 0.364 1818 3037 0.751&1.055
IR 36 520" 57.72 MS 0.383 1913 3660 1.112&0.046

*-Significant at 5% level; **-Significant at 1% level, Blast disease
reaction: 1-3.0=R, (Resigant), 3.1-5.0=MR (M oder ately Resistant),
5.1-7.0=MS (Moderately Susceptible), 7.1-9.0=S (Susceptible)
5204 and CB 98006 had thelowest similarity index of
0.470. The average pair wise similarity valueswere
cd culated from the Jaccard’s S milarity coefficient val -
uesamong the groups based on their geographica ori-
gin, among the South East Asian genotypesthevalue
was 0.664, whileit was 0.604 among the SouthAsian
genotypes. Thegenotypes having the parentageof both
South Asian/South East Asian origin had the average
pair wisesimilarity values of 0.647, followed by the
genotypeswith parentage of South Asian/African ori-
ginwith 0.646.

Geneticdivergity pattern
Clugter andysswasperformed onthesmilaity in-
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TABLE 4: Detailsof ampliconsproduced by RAPD markers
amongricegenotypes

Gootpes Dismss P01 s ST Sendrd Samdmd TG
Score (%) reaction %)

ARBN 97 7.02" 7807 S 0.547 2.678 7712 1.131,1535
ARBN 138 674" 7495 MS 0.564 2,671 7.623  1.666&1.582
ARBN 139 676" 7510 MS 0.506 2.479 6.382 1.047&1.421
ARBN 142 088" 977 R 0.253 1.239 1536 0.532&0.710
ARBN 144 177 1971 R 0.564 3.203 5610 1.353&1.836
ARBN153 756" 8399 S 0.311 1523 2391  0.64380.873
IR 64 061 681 R 0.233 1.142 1.304 0.482&0.654
CB 98002  1.82" 2029 R 0.560 2.745 7536 1.159&1.573
CB98004 520" 5777 MS 0.425 2.083 4341  0.880&1.194
CB98006  6.09° 6755 MR 0.333 1.633 2.667  0.69080.937
CB 98013  1.38" 1540 R 0.342 1.676 2.810 0.70880.961
Columbia2 1.06" 11.25 R 0.225 1.110 1.210  0.465&0.630
Moroberekan 0.84"  9.33 R 0.175 0.859 0.737  0.36380.492
Milyang46 117" 1303 R 0.381 1.865 3478  0.788&1.069
Tadukan 0.8l 9.03 R 0.451 2.212 4895  0.6348.0.831
Tetep 1627 1807 R 0.590 2.889 3348  1.220&1.601
IR 50 6.92° 7688 S 0.419 2.053 4216  0.86781.177
N1 8.60° 9555 S 0.359 1.761 3101  0.744&1.009
WhitePonni 850" 9450 S 0.465 2.278 5188  0.962&1.305
BPT5204 825 9170 S 0.567 2.823 7.971 119281618
ADT 43 3.06" 34.06 R 0.491 2.408 5797 1.017&1.380
ASD 16 721" 8014 S 0.295 1.445 2.087 0.61080.828
CO43 185" 2058 R 0.561 2.749 7.558  1.161&1.575
?a’:n - 117" 1301 R 0.382 1.871 3500 0.790&1.072
Ajaya 2947 3273 R 0.282 1.382 1911 0.584&0.792
IR 36 6.46° 7184 MS 0.398 1.949 3797 0.823&1.117

*-Significant at 5% level; **-Significant at 1 % level, Blast
diseasereaction: 1-3.0=R, (Resistant), 3.1-5.0=MR (M oder ately
Resistant), 5.1-7.0=M S (M oderately Susceptible), 7.1-9.0=S
(Susceptible)

dex calculated using by UPGMA (Un-weighted Pair-
Group Method, arithmetic average) based on Jaccard’s
similarity coefficient and the cluster diagram was con-
structed.

The dendrogram revealed two major clusters,
Cluster 1 and 2 which wasfurther divided tofive sub-
clusters. Cluster 1aconsisted of 8 genotypes of which
four belonged to South East Asia(TN 1,ADT 43, IR
64 and Tadukan), one each from South East/South
Asia(CO43), SouthAsia(CB 98013) and two geno-
types(ARBN 97, ARBN 139) from (South Asia/Af-
rica). Cluster 1b consisted of three accessions, each
from South East Asia (Milyang 46), Central Asia

Total
NSC.). Primer nch>. Pol);JTé);ghic Polyngotjor;)hism Zrzc;?tt)js; PIC MI
alleles

1 OPC1 6 6 100.00 967-528 0.272 1.632
2 OPC2 10 4 40.00 1204-389 0.294 1.176
3 OPC3 12 7 58.33 1610-288 0.372 2.604
4 OPC4 8 5 62.50 950-182 0.379 3.032
5 OPC6 16 16 100.00 1913-325 0.394 6.304
6 OPC 16 7 6 85.71 1900-148 0.056 0.336
7 OPC19 10 10 100.00 2124-690 0.342 2.736
8 OPE1l 8 5 62.50 2090-802 0.235 1.175
9 OPE4 8 6 75.00 1380-330 0.216 1.296
10 OFPE 16 6 4 66.67 978-148 0.278 1.112
11 OPE 18 5 2 40.00 920-110 0.191 0.382
12 OPE 20 10 8 80.00 1596-589 0.223 1.784
13 OPM 1 5 4 80.00 1380-178 0.272 1.088
14 OPM 4 17 17 100.00 2300-695 0.434 7.378
15 OPM5 12 11 91.67 1380-103 0.277 3.047
16 OPM 8 7 2 2857 850-160 0.156 0.312
17 OPM9 6 5 83.33 1585-260 0.326 1.970
18 OPM 10 6 5 83.33 980-420 0.168 0.840
19 OPM 12 8 6 75.00 1178-178 0.305 1.525
20 OPM 13 5 5 100.00 1884-660 0.242 2.170
21 OPM 16 5 3 60.00 1188-158 0.227 0.681
22 OPM 17 4 3 75.00 1217-139 0.323 0.969
23 OPM 19 9 7 71.78 1420-368 0.253 1.711
24 OPN 2 11 10 90.91 1255-429 0.252 2.520
25 OPN3 11 72.73 1204-106 0.243 1.944
26 OPU 14 9 6 66.67 1210-152 0.296 1.776
27 OPU 15 8 4 50.00 1295-126 0.137 2.192
28 OPBE3 10 8 80.00 1580-589 0.245 3.430
29 OPBES8 12 10 83.33 1645-128 0.252 2.520
30 OPBE10 11 8 72.73 1480-330 0.231 1.848
31 OPBE12 11 10 90.91 1375-330 0.221 2431
32 OPBE 14 7 6 85.71 1375-570 0.386 2.702
33 OPBE17 12 6 50.00 1187-128 0.211 1.266
34 OPBE18 17 16 94.12 1344-116 0.220 3.520
35 OPBE 19 7 4 57.14 1129-83 0.261 1.044
36 OPBE 20 9 8 88.89 2850-620 0.311 2.498

Total 325 245 - - - -

Mean 9.03 6.80 75.38 0.264 2.082

(ARBN 153) and from South Asia(Ajaya). Cluster
1creveaed 5 genotypes two each from South East
Asia(ARBN 138, Tetep) and SouthAsia(BPT 5204
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Figure 1 : Dendrogram of rice genotypes based on RAPD
markers

and Pusa Basmati) and one from Africa
(Moroberekan). Cluster 1d consisted of 4 genotypes
of which two belonged to South East Asia(ARBN
142 and IR 36) and each one from South Asia (CB
98004) and LatinAmerica(Columbia-2). Cluster 1e
consisted of 3 genotypes of whichtwo belonged to
South East Asia (White Ponni and IR 50) and one
genotype from South AsialAfrican origin. Cluster 2
consisted of 3 genotypes, al threearefrom SouthAsia
(CB 98002, CB 98006 and ASD 16) (Figure1).

Principal co-ordinateanalysis(PCoA)

Principa coordinateanaysis(PCoA) resultedina
two dimensional scatter plot which revealed three ma-
jor groupsof accessionsbelongingto South EastAsia
and SouthAsiaingroup |, dl three SouthAsian variet-
iesin Group Il and Group Il consisted of al South
East Asian varieties except aLatin American variety
and aBasmati genotypefrom India. Thethreeprincipa
coordinates (PCol, PCo2 and PCo3) encompassed
89.27 per cent, 6.07 per cent and 2.72 per cent of
variaionrespectively (Figure?2).

DISCUSSION

Efficient conservation of genetic diversity wasnot
affected by the breeding system?3. Since? first fo-
cused on the prospectsof usingwildrelativesof crops
assources of genesfor disease resistance, agreat deal
of effort has been expended in establishing germplasm
collectionsof plant species. Extensiveand well charac-
terized collections of important species can provide
uniqueraw materia sfor the production of new culti-
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Figure2: Principal coordinate analysis of rice genotypes
based on RAPD markers (x axis indicating the similarity
coefficient and y axisindicatingthe genetic distances)
varsor act asthe sourceof new traitsthat can beintro-
duced into existing breeding materias. Thegenetic po-
tentia of mgjor portion of thegermplasm heldin many
genebanksishowever, largely unknown, becauseitis
poorly characterized. Asastep towardsthe proper uti-
lization and management of gene banks, agood genetic
characterization of accessionsisneeded especially at
themolecular leve.

Inthe present study, the genetic diversity and the
comparison of variability among theleaf blast res stant
and susceptiblegenotypeswasassessed. Thegermplasm
materiasused represent the collectionsfrom different
geographicd region. Eight genotypeswerefrom South
Asia, ten genotypes werefrom South East Asia, two
from South Asia/South East Asia, oneeach from cen-
tra Asia, Latin Americaand Africaand two genotypes
werefrom SouthAsia/Africa(TABLE 1).

Fifty threerandom primerswere used to amplify
the DNA of thericegenotypesinthisstudy. Thirty-six
primersgenerated clear PCR amplified products. The
number of primersused in thisexperiment was suffi-
cient enough to characterize the genotypes, as previ-
oudly the number of RAPD primersused by'® was 22
RAPD primersto characterize 18 barley accessions,
18 primersto characteri ze 67 cocoaaccessions®, 36
primersfor 40 genotypes of rice™, 43 primersfor 13
genotypes of rice¥, 10 primersfor 18 genotypes of
rice?. Inthe present experiment, Marker Index (MI)
was cal culated for multi-locusRAPD markers. Ml re-
veal stheamount of information that can be obtained
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fromaparticular primer. Higher theM|I, moretheuse-
fulnessand informativeness of the primer. Themarker
index among the RAPD primersranged from 0.336 to
7.378inthisandysis. Thefollowing five RAPD prim-
erswerewith high marker index viz., OPM 4 (7.378),
OPC 6 (6.304), OPBE 18 (3.520), OPBE 3 (3.430)
and OPM 5 (3.047) (TABLE 4). These primers might
serveasinformativeand useful primersinfuturefor large
scale screening of germplasm for higher polymorphism.

PIC valuesare dependent on thegenetic diversity
of the genotypes chosenl?®. PIC providesan estimate
of the discriminating power of themarker anditisa
measureof dldediversity at alocus. The PIC vaue of
RAPD markers can have 0.500 PIC value, since
RAPDsarebidldicinnature. Thiswasevident inthe
present study too, as the highest PIC value was ob-
served for the primer OPM 4 (0.434). The PIC values
ranged from 0.434 to 0.137, which wasin accordance
to theresults obtained by>? with 0.0 to 0.500,28 with
0.031to 0.392.

Inthepresent investigation, themean Jaccard’ssSmi-
larity valuewas cal cul ated for the genotypes belonging
to thedifferent geographic regionsto know thesimilar-
ity level among the genotypeswithinthegeographicre-
gion. Thehighest mean similarity valuewas noticed
among the South East Asian genotypes(0.664) followed
by South Asia/African genotypes (0.646) and South
Asian genotypes (0.604) based on RAPD markers.
Similar resultswere noticed by, Theresultsobtained
werein accordancewiththeearlier findingsthat ancient
cereal croprice(OryzasativalL.) wasbelievedto be
originated in Indiaand adjoining South East Asid®%%,
Presenceof high diversity among the SouthAsian geno-
typesarrived from thisstudy suggeststhat Indiaasone
of themajor centresof diversity notably the mid-East-
ern part and the North Eastern hillsasindicated by[*2.
Theview by as Chinais oneof the primary centres
of origin cannot be ruled out because the number of
genotypesrepresenting thecentral Asanregionwasonly
oneinthisstudy.

A dendrogram was constructed based on Jaccard’s
amilarity coefficient toinfer reationshipamongtheblast
res stant and susceptiblericegenotypesbased on RAPD
markers. It resulted in the discrimination of the geno-
typesintotwo mgor clustersand fivesub clusters. The
RAPD marker syssemwasableto distinguishthegeno-

types based on their geographic origin with some ex-
ceptions.

Plants of aspeciesgrowinginsame environments
and sameecol ogical conditionsfor many years might
adapt themselvesto the prevailing conditions of that
particular location and might tend to losstheir diver-
gence, induecourseof time, werelikely to besimilar.
Thusaspeciesislikely to show agreater smilarity in
aregionwith similar climatic and ecological condi-
tions. Further, the centres of origin of many species
haveshiftedwithtime. Theshiftindiversity wasbrought
about by ashift inthe areaof the greatest cultivation
and dueto theintroduction of the speciesinto an area
with agreater ecologicd smilarity thanwherethecul-
tivar existed before.

Theabove concept cannot beruled out inthisstudy
becausethe South East Asian varietieswereeither in-
troduced into India more than 15-20 years back or
after their introduction, they wereimproved by cross-
ingwithany of the SouthAsan cultivarsviz, TN 1was
introduced in Indiafor its dwarfing gene (Dee-Gee-
Woo-Gen) during theperiod of 1969. IR 64 wasintro-
ducedinearly 1990sand CO 43 wasobta ned by cross-
ing IR 20 with Dasal during theyear 1984. Hence, the
South Asian and South East Asian genotypes were
grouped inthesame clustersright fromsub cluster “1&’
to ‘1e’ wasjustified with obviousreasons, sincethe
genotypestendtolosstheir diversity in due course, as
they got adapted to the South Asian regional and cli-
matic conditionslosing their divergence.

Majority of the clustering patternsfrom the den-
drogram showed that the South East Asian genotypes
clustered d ongwith the South A s an genotypesexcept
themagjor cluster ‘2’ consisted al of three SouthAsian
varietiesand it might be dueto the adaptation of the
cultivarstotheprevailing ecological and dimatic condi-
tionsaspointed out by many scientists* observed smi-
lar resultsintheir investigation, wherethe RAPD band
sharing datawhich showed no correl ation with the geo-
graphicoriginandthedustering pattern. They concluded
that geographically closehabitats might beecologicaly
quiet different and conversely, habitatsthat are geo-
graphically distant from one another canbevery smilar
intheir environmenta conditions. Changesamongindi-
vidud s probably do not comefrom variationsof acom-
mon ancestor, but from concurrent and independent
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events, such aspardld development, co-evolution, spe-
cific adaptation, or otherg®!. The abovefindingswere
congruent with the results obtained by,

Interestingly the Guinean cultivar, Moroberekan and
the LatinAmerican cultivar, Columbia-2knownfor their
durableblast res stlance and cannot besingled out. They
were grouped along with the South Asian and South
East Asan cultivars, asM oroberekan was used exten-
sively in blast and drought resistance breeding
programmes by CRRI, Cuttack. Thereisno clear dis-
crimination of theRAPD markerstodistinguish lesf blast
resistant and suscepti ble genotypesinto separate clus-
tersby the UPGMA clustering, since RAPD markers
werenot specificaly designed for any particular trait.

The dendrogram constructed by RAPDs in the
present study showed that both the South East and the
South Asian accessionswere morediverseand theac-
cessionsdid not group into asingle cluster asall the
accessionswerelocated in al thebranches of dendro-
grams. Thisagain confirmsthat SouthAsia(India) and
South East Asiamight betheprimary centresof origin
of rice. Theancient ceredl croprice(Oryzasatival.)
isbelievedto beoriginated in Indiaand adjoining South
EastAsias®h %2,

Theextensvely used hierarchical methods, such as
UPGMA, might not beappropriatefor the clustering of
genotypesif thematerid sstudied wereof intra-specific
innature. Hence, Principa Coordinate Anaysismight
be appropriate®™. Applying both methodswas recom-
mended to extract the maximum amount of information
fromthemolecular (matrix) datd®. Clusteringwas use-
ful in detecting rel ationshipsamong lines, while Princi-
pal CoordinateAnalysisallowed aview ontherela
tionshi ps between groups.

Principa CoordinateAndys swasaso donetoshow
multipledimens onsof thedistribution of thegenotypes
inascatter-plott™. Thescatter plot produced from prin-
cipd coordinateandyssdistributestheaccessonsaong
thetwo axes. Aggregation of individuasinaplot would
reved setsof geneticaly smilar individuas. Whenthe
first threeprincipal coordinatesaccount for most of the
variation (>35 per cent) of all theorigina variables, the
scatter plot isconsidered to bethe good representation
of thedata. Moreover, therelationshipsinferred were
highlyrdliable.

Inthe present investigation, Principal Coordinate
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Analyssfurther validated theresultsof UPGMA clus-
ter analysis. Thefirst threeprincipal coordinates based
on RAPD markers, accumulated 98.06 per cent of to-
tal variation reported that thefirst threeprincipa co-
ordinates accounted for 53.69 per cent of the genetic-
similarity variance®! reported first three principal co-
ordinates accounted for 34% of the genetic-similarity
variance. Thefirst two principa coordinatesexplained
15.4% of thetotal variance**d reported 39% varia-
tion for thefirst two coordinates* reported that first
and second principal coordinates explained 52 and 7
per cent of variation, respectively*! reported 70 per
cent variation for thefirst three coordinates.

Scatter plot produced by the RAPD marker sys-
tem distingui shed therice genotypesinto three major
groupsbelongingto SouthAsia(lll group), South East
Asa(ll group) and thefirgt principa coordinate (I group)
does not discriminate any of the genotypesbased on
thegeographical origin. In general, theprincipal coor-
dinate analysis produced similar grouping pattern of
genotypes aslikethe UPGMA analysis. Thereisno
clear discrimination of theRAPD markerstodistinguish
leaf blast res stant and susceptible genotypesinto sepa
rate coordinates by the Principal CoordinateAnaysis.

For the success of any breeding program, itises-
sentid toknow thevariability inthediseaseexpression
of theresistant and susceptible parentsunder varying
environmenta conditionsand to know their genetic con-
stituents™. Itisalsoinevitableto screen the parental
meaterid sunder prevailing environmenta conditionsof
specificlocationwith at least thestrain or isol ate of that
locationwherebreeding programmeslikehybridization,
devel opment of mapping popul ationsare being done.
Choosing parentsisone of themost important stepsin
any breeding program. No selection method can ex-
tract good cultivarsif the parentsusedin the program
arenot suitabl €, Therefore, emphasiswasgivento
choose appropriate parentsin order to obtain useful
Segregants.

The selection of suitable parentsfor the constitu-
tion of mapping popul ation was done based on there-
sultsobtained from thegenetic diversity analysisusing
the RAPD marker system and the leaf blast disease
reaction of thericegenotypesstudied. Theresultsbased
onthediversity anaysisindicated that the genotypes,
White Ponni and M oroberekan were presentin differ-
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ent clusters based on the dendrogram. The genotype
wasfoundinthesub cluster *1b” and White Ponni was
located inthesub cluster 1€’ asevident that both the
genotypesweredivergent in nature. Thetwo dimen-
sional scatter plot generated by the Principal Coordi-
nateAndyss(PCoA) dsoindicated that both thegeno-
typeswere present intwo different groups. The geno-
type, Moroberekan waslocated inthe ‘Group I’ and
White Ponni waslocated inthe ‘Group I1” of the scat-
ter plot diagram. Similar kind of selectionbased onthe
dendrogram was done by sel ecting wheat genotypes,
Kharchia65 and TW 161 as parentsfor mapping popu-
lation to map QTLsfor salinetolerance. They were
geneticaly distant (smilarity coefficient 0.54) fromeech
other and they werelocated intwo different clusterg*.

The selection of parents for the development of
mapping population based on the genetic distance
(smilarity coefficient 0.627) between M oroberekan and
White Ponni, and based on the dendrogram and the
blast disease reaction scoreswasthevery first report
of itskind. Theforemost criterionisthe preference of
the customerswho chose white ponni asone of their
favouritericefor cooking in southern parts of Tamil
Nadu. Selection of parents for the development of
mapping popul ation al so depends on the performance
of parents based on the earlier reports.
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