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ABSTRACT

The genetic relationship of 24 indigenous upland rice comprising 12 ahu
(summer rice) and 12 jhum (hill rice) genotypes of Assam, Indiawas ana-
lyzed using 14 diagnostic morphological traits and 15 random amplified
polymorphic DNA (RAPD) markers. Considerablemorphol ogical variations
for different traits were observed among the strains. The 15 random prim-
ersshowed 92.20% polymorphism with an average pol ymorphism informa-
tion content (PIC) value of 0.429. The mean Euclidean distance for mor-
phology and mean Jaccard’s coefficient of similarity for RAPD were
5.129+1.423 and 0.493+0.0978, respectively, indicating sufficient genetic
diversity among the strains. No ecotype specific clustering was observed
based on genetic similarity and distance coefficients using unweighted
pair group method using arithmetic average (UPGMA). Ahu genotypes
were more diverse than the jhum genotypes. Mantel test showed no corre-
Iation between morphological traits and RAPD, suggesting non-allelic re-
lationship of the two marker systems.
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INTRODUCTION

Geneticdiveraty andyssprovidesuseful informa
tion on genetic variation of germplasm and facilitates
proper conservation, management and utilization of ge-
netic resources. Northeast IndiaincludingAssamiscon-
Sidered asone of the primary centersof origin of rice
representing rich source of genetic diversity and reser-
voir of valuable gene systems. Thecultivation of rice
under diverseagro-ecologica conditionsfor continu-

ous period under various biotic and abiotic stresses,
specific adaptation through naturd selection and farm-
ers’ discretion, ethnic migration and immigration over
yearshaveresulted indiversification of therice genetic
stock to agreat extent™. Indigenousupland rice, com-
prisingtraditiona ahu (summer rice) and jhum(hill rice)
rice, isanimportant culturein thisregion after sali rice
(winter rice). Indigenousahu riceissown directly to
thefield in the month of March to 1% week of April

under rainfed condition?. Thehill rice of Assam, an
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another summer riceculture, isgrowninandtituderang-
ing from 95m t01000m above mean sealevel inhilly
dopesasjhum; i.e., shifting cultivation practicethrough
burn and dash method and in terracesas direct seeded
rainfed mixed/pure cropt¥.

Upland rice of both these situations (upland-plain
and upland-hills) share similar morphological and
growth characteritics, such astall plant, broad canopy,
drought tolerant capacity, etc. Thus, itisvery difficult
to distinguish thesetwo groups of cultivarson the ba-
sisof morphol ogy. However, adaptation to two grow-
ing conditions (monoculture vs. mixed cultivation)
might have contributed to genetic diversity between
ahu and jhumrice. Substantial differences may be
expected between these ecotypes of upland rice.
Therefore, knowledge of the nature, extent and distri-
bution of genetic variation in two populations or
ecotypes of upland rice of Assam isimportant for the
devel opment of effective management and utilization
drategies. Moreover, with the present intel lectua prop-
erty right (IPR) and convention of biologica diversity
(CBD) regime, it has become imperativeto charac-
terizethe genetic diversity with regard to important
morphological traitsand at DNA level for safeguard-
ingthegeneticdiversity.

Morphologicd traitshavebeen used to assessvaria-
tionin O. sativa L. and to classify rice genetic re-
sources*9. However, morphological traits are under
complex genetic control, subject to environmental ef-
fectd¥, few in numbers, lack adequatelevel of poly-
morphism and hence such markersmay not completely
represent underlying geneticdiversity inrice. Currently,
DNA based markersarebeing used increasingly to es-
timatetheleve of geneticdiverdatyin plant populations
because of certain advantages of these markersover
morphologicd variables. Amongthesevera DNA basd
markers, random amplified polymorphic DNA (RAPD)
markerd® are widely used because of itssimplicity,
speed and efficiency.

Sinceproper evauation of genetic diversity islack-
inginindigenousupland rice of Assam, an attempt has
been madeto sudy the genetic variation of indigenous
uplandriceand to eva uate the genetic rel ationship be-
tween ahu and jhumrice using morphological traits
and RAPD markers.

EXPERIMENTAL

Plant material

A setof 24 traditional uplandricestrainscompris-
ing twelve ahu and twel ve jhum genotypeswere col -
lected fromtheRegiond Agriculturd Research Stations
(RARS) of AssamAgriculturd Univergty a Titabar and

TABLE 1: List of 24indigenousupland ricestrainsused in
thestudy

Name of

cultivar Ecotype Sour ce of collection

R el e
pssez  aw Redo o e
e s RO e
hrguans  ay FeIoEd ol e
Charimahia Ahu Regi ongl agripultural rwch
ahu station, Tltabor, India

Cheniah A e I
koragun A T tnda
Koimurali Ahu Regggt?loﬂi‘;“;g‘éf“l research
Kolaahy A e Trabor I
Maibee A T tnda
Bizor| A abor India
Dogaranga A e i
Bairing am O B
Bairing-1 Jhum Regi gtr:: O?]er:;lg%ﬁjnrdﬁamh
Bairiring-11 Jhum Regi gtr:: O?]er:;lg%ﬁjnrdﬁamh
Rangaizong Jhum Regi gtr:: O?]er:;lg%ﬁjnrdﬁamh
Dimrou-I Jhum Regi gtr:: O?]er:;lg%ﬁjnrdﬁamh
Glenga  awm O
Glanchra Jhum Regi gtr:i] oi?gﬂﬁ:ﬁ]nrﬁamh
Miren abora Jhum Regi ;ﬁoﬁrgﬁ%mﬁ];ﬁam
Rebon O Diphu, i
Sakcharap Jhum  Red g{:i'o?”[;‘i‘:)'mﬁ‘nrﬁamh
Sakcharap-ll  Jum  Re9 g{:i'o?”[;‘:)'mﬁ‘nrﬁamh
Sokbothung-| Jhum Regional agricultural research

station, Diphu, India
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Diphu, India(TABLE 1). Considering Northeast India
asoneof thediversity hot spotsfor rice, considerable
efforts have been madefor conserving thetraditional
rice germplasm of thisregion. A variety of ricegenetic
stocks have been maintained at different RARS of
AssamAgricultura University, Indiato beused asa
corecollectionfor different groupsof rice. Theupland
rice strainsused in the study were collected from the
two research stationsas mentioned. All thestrainswere
s f-pollinated severd timesfor genetic purification.

Morphological studies

For studying genetic variation among thetraditiona
upland ricecultivars, morphological traitsand RAPD
markerswereused inthe present investigation. Obser-
vationson 14 diagnostic morphologicd traitswerere-
corded following the descriptor for rice (Oryza sativa
L.) approved by IBPGR-IRRI Rice Advisory Com-
mittee. Amongthem, eight werequantitative (semthick-
ness, ligulelength, 100-grainweight, paniclelength, leaf
width, grainwidth, grainlength and culmlength) and six
werequalitative (culm angle, ligule colour, internode
colour, panicletype and awning) in nature. For each
morphological trait, the average of threerecordswas
used for dataanalysis. Germinated seeds of each ac-
cession were planted in earthen potsof 20 cm diameter
and growninthenet houseintwo summer seasonssepa-
rately. Single plant per pot and ten potsfor each acces-
sonweremaintained to record themorphologicd traits.

RAPD analysis

Thetotal genomic DNA wasisolated from seed
followingaprotocol ™ with minor modification by avoid-
ingtheuseof liquid nitrogen. A set of 15 random prim-
ersobtaned from Operon Technologiesinc. wereused
for polymerase chain reaction (PCR) amplification.
These were OPH-12, OPH-04, OPD-18, OPD-01,
OPD-03, OPD-19, OPK-14, OPK-20, OPK 19,
OPA-01, OPA-03, OPA-10, OPM-01, OPM-19,
OPL-07. PCR amplification was performed ina25ul
reaction volume containing 2.5ul 10X PCR buffer,
200uM each dNTPs, 35pM primer, 2mM MgCl,, 0.5
u Tag DNA polymeraseand 20 ng DNA templ ate. Af-
ter aninitial denaturation step at 95°C for 5 min, 40
cyclesof 1 minat 94°C, 1 minat 35°C and 1 min at
72°Cwereperformed, followed by afind extension of

5minat 72°C. Theamplification productswere sepa
rated by electrophoresis on 1.5% agarose gel witha
known molecular weight marker asstandard.

TheDNA isolated fromsingleplant wasusedinal
random amplified polymorphic DNA (RAPD) analy-
ses. Amplification of each RAPD primer wasrepeated
threetimes, and the bands consistently detected with
smilarintengityinal experimentsweresdected asre-
produciblefragments.

Data analysis

Reproducible RAPD bands were scored in abi-
nary format, i.e., presence of band was scored as
unity and its absence as zero. The binary datagen-
erated by RAPD were used to detect percent poly-
morphism and polymorphism information content
(PIC). The percent polymorphism was cal cul ated by
dividing polymorphic amplified fragmentsto total
number of amplified fragmentsmultiplied by hundred.
The polymorphicinformation content (PIC) was cal -
culated as PIC = 1- X.(Pi)?, where Pi is the propor-
tion of the population carrying i" allele, calcul ated
for each marker locus'®.

Thedataon morphological traitsand RAPD were
analyzed using asoftware package caled NTSY S-PC
version 2.11%, The Euclidean distance for morphologi-
cd tratisadissmilarity coefficient; that is, larger isthe
value greater isthe distance between pairs of acces-
siong?. For RAPD data, genetic rel ationship among
the accessionswas computed using Jaccard’s coeffi-
cient of smilarity™.

The phenetic representation of geneticrelaionship
among thegenotypesasreved ed by Euclidean distance
and Jaccard’s similarity coefficient was performed by
cluster analysisusing unweighted pair group method
using arithmetic average (UPGMMA). Thedegree of
associ ation between the s mil arity matrix for RAPD and
distance matrix for morphol ogical traitswasdone by
Mantel test*s,

RESULTSAND DISCUSSION

Patter n of morphological variation

Thepresent sudy reveaed S gnificant differencefor
quantitativetraitsexcept grain width and grain length.
Of the 24 genotypes under study, 14 genotypes re-
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corded thesame grain width (0.30cm) and elght geno-
typesrecorded the samegrain length (0.70cm), show-
ing least Satistical difference (datanot shown). Sucha
high degreeof variationinmorphologicd traitse.g. plant
height, plant habit, tillering capacity, leaf characteris-
tics, grain szeand duration collection was previoudy
reported inAssam rice?%,

Comparative anaysisof morphological traitsbe-
tween ahu and jhumgenotypesreveaed that therewas

ever that typewasal so present in ahu accessionsaong
with opentype(TABLE 3). It warrantsinclusion of few
more easily distinguishabletraitsfor quick character-
ization of indigenous upland rice of Assam. Moreover,
theobservationswererecorded on potted plantswhich
might haveinfluenced the devel opment of morphol ogi-

TABLE 2: Comparativevariationsfor quantitativetraitsin
ahu and jhum genotypes

Name of cultivars

s g . M SD
no significant difference between these two ecotypes Traits " Je:n * p—

. . . . . +
with referenceto quantitativetraitsexcept for ssemthick- : . um u -
nessand 100 gra-nwa-ght (TABLEZ) Themean stem Stem thickness (cm) 2.59+0.529 3.21+0.589 2.89+0.634
thickness of jhum genotypes (3 21cm) wasfound to Ligule length (cm) 2.09+0.517 2.03+0.496 2.06+0.497
the mean loo_gr.alnwe ght Of ahu genotypé (2 049) Panicle length (cm) 22.38+2362 22.48+2.467 2243 +2.369
WanOUI']d tO be morethanjhum genOtypeS (1509) Leaf width (cm) 2.12+0.191 1.93+0.205 2.03+0.221
However qua itativetraits under gudyfalaj todistin- Grain width (cm) 0.30+0.033 0.29+0.042 0.30+0.038
guish two ecotypes. In case of panidletype, only inter- Grain length (cm) 0.77+0.040  0.70+0.054 0.74 £ 0.058
mediate type wasobservedin J hum genotypes, how- Culm length (cm) 84.85+16.725 84.82+11.533 84.8+14.050

TABLE 3: Morphological variationsof twenty four indigenousupland ricefor qualitativetraits
Traits
Ahu (), Jhum (j) Culm angle Ligule colour Auriclecolour Internode colour Panicletype Awning

Ahulll (8 Open White Pale Green
AS56/2 (a) Open White Pale Green
Bangal ahu (a) Erect White Pale Green
Changaahu (a) Erect White Pale Green
Charimahia ahu (a) Open White Pale Green
Cheni ahu (@) Open White Pale Green
Ikoraguni (a) Open White Pale Green
Koimurali (a) Erect White Pale Green
Kolaahu (a) Open White Pale Green
Maibeg(A) () Erect White Pale Green
Bizor 11 (a) Erect White Pale Green
Dogaranga (a) Erect White Pale Green
Bairing (j) Erect White Purple

Bairing | (j) Erect White Pale Green
Bairing 11 (j) Erect White Pale Green
Ronga lzong (j) Open Purplelines Purple

Dimrou | (j) Open White Purple

Galengra(j) Open White Pale Green
Glanchra (j) Erect White Pale Green
Miren Abora (j) Erect White Pale Green
Rebon (j) Erect White Pale Green
Sakcharap (j) Open White Pale Green
Sakcharap | (j) Erect White Pale Green
Sokbothung 11 (j) Erect Purple Purple

Light gold Intermediate Short and Partly awned
Purple lines Open Short and Partly awned

Green Intermediate Absent
Light gold Intermediate Short and Partly awned
Light gold Intermediate Short and Partly awned

Green Open Absent

Green Open Absent
Light gold Intermediate Short and Partly awned
Purplelines  Intermediate Absent
Purplelines  Intermediate Absent
Light gold Intermediate Absent
Purplelines  Intermediate Absent
Purplelines  Intermediate Absent
Purplelines  Intermediate Absent
Light gold Intermediate Absent

Purple Intermediate Absent

Purple Intermediate Short and Partly awned

Green Intermediate Absent
Purplelines  Intermediate Absent
Purplelines  Intermediate Absent

Green Intermediate Absent

Green Intermediate Absent
Purplelines  Intermediate Absent

Purple Intermediate Absent
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ca variationthan that usualy expressed in natura con-
ditions, resultinginlow morphologica variation between
these two ecotypes (ahu and jhum). We may expect
better resultsif the genotypeswould have eval uated
under normal growing conditionswith reduced envi-
ronmental noise.

RAPD assay

The 15 random primers revealed 90.09 percent
polymorphisminal 24 upland ricegenotypes. The per-
cent polymorphismwithin ahu genotypes(86.79%) was
found to be higher than jhum genotypes (83.11%),

indicting greater level of genetic diversity of ahu geno-
typesthan jhumgenotypes (TABLE 4). Theaverage
PIC valuerevealed by 15 RAPD markerswas 0.429
for al genotypes. Theaverage PIC vauesfor both the
ecotypeswerefound to be almost same (0.396 for ahu
and 0.399 for jhumgenotypes). The primer OPD-18
and OPA-10 showed highest PIC of 0.499, suggesting
grester cgpacity to distinguish the genotypesunder study
thantheother primers(TABLE 4). AlthoughtheRAPD
markers showed only two genotype specific bands,
however, three ecotype specific bandsfor ahu and two
for jhumgenotypeswere al so observed.

TABLE 4: Percent polymor phism and polymor phism infor mation content revealed by RAPD

Per cent polymor phism

Polymor phism infor mation content

Primer Sequence

All genotypes Ahu Jhum All genotypes Ahu Jhum
OPH-12 5'ACGCGCATGT3 100 100 63.63 0.428 0.495 0.339
OPD-18 5'GAGAGCCAAC3 92.31 90.9 83.33 0.499 0.471 0.473
OPK-14 5'CCCGCTACAC3 90 87.5 90 0.444 0.345 0.493
OPK-20 5'GTGTCGCGAG3 90 90 80 0.475 0.466 0.496
OPD-01 5'ACCGCGAAGG3 100 100 100 0.152 0.218 0.152
OPD-03 5'GTCGCCGTCA3 85.71 50 80.71 0.476 0.401 0.497
OPL-07 5'AGGCGGGAAC3 66.66 66.66 50 0.479 0.305 0.481
OPA-10 5'GTGATCGACA3 100 100 100 0.499 0.517 0.222
OPK-19 5'CACAGGCGGA3 83.33 83.33 83.33 0.495 0.391 0.446
OPH-04 5'GGAAGTCGCC3! 100 100 100 0.345 0.349 0.393
OPM-01 5'GTTGGTGGCT3' 93.33 88.88 83.33 0.437 0.355 0.397
OPM-19 5'CCTTCAGGCA3 93.75 66.66 85.71 0.421 0.337 0.35
OPD-19 5'CTGGGGACTT3 88.88 100 66.66 0.477 0.435 0.426
OPA-01 5'CAGGCCCTTC3 875 85.7 90 0.43 0.396 0.453
OPAO03 5'AGTCAGCCAC3 80 92.3 90 0.381 0.453 0.372
Average 90.098 86.795 83.113 0.429 0.396 0.399

RAPD techniquehas been used for detecting poly-
morphism, variety specific band and variousgenetic di-
versity andysesinricg#9, Thehighleve of polymor-
phisminuplandricedetected by RAPD inthestudy is
inconformity with variousearlier reportsin Indian{*>%7
andAustrdianrice®®. Theregion with hot spot of ge-
netic diversity also representsvast array of aldicdi-
versityl, which might beareason of reveading such a
highleve of polymorphism.

Analysisof geneticdiver sty based on mor phologi-
cal traitsand RAPD

Thegenetic distanceamong the popul ations based

onal 14 morphological traitsranged from 1.643 (be-
tween ‘Maibee’ and ‘Doga ranga’) to 8.630 (between

‘AS-56/2” and ‘Bangal ahu’) with a mean of 5.129 for
24 upland genotypes under study (datanot shown).
Therewasno significant differencein Euclidean dis-
tance observed within ahu and jhumaccessions (4.740
and 4.754 respectively).

Cluster analysis of morphologica traits using
UPGMA (Figurel) revealed that “ AS-56/2° was out-
grouped from therest of the genotypesaswell asfrom
ahu genotypesa o, indicating considerablediss milar-
ity of ‘AS-56/2" from the other genotypes. It was ob-
served that ‘AS-56/2” showed some extreme pheno-
typessuch ashighest paniclelength, leef widthand grain
length, which might beareasonfor its separateidentity.
The rest of the accessions can be grouped into two
clusters(A and B). Thelargest cluster (A) can be sepa-
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rated into many sub clusters, in which atendency of
ecotype specific grouping may be observed with few
exceptions(e.g., in caseof ‘Bizor-II” and ‘Glanchra”).
Thecluster B comprised of only two jhumgenotypes
(‘Ronga izong’ and ‘Sokbothung-I"). Both the geno-
typeswerefound to have greater dissimilarity next to
‘AS-56/2’ and can be separated from rest of the geno-

types.
Ahu lll a -
Charimahia ahu =
Bangal ahu a
Cheni ahu
lkoraguni a
Changa ahu “
_4——_‘:: Komoraii <
Bizor I « |
Glanchra i
Kola ahu a |
Maibee(A) £ (A
—( a ranga 4
[Sbﬁcharap | . ‘

T s Galengra
Sakcharap
Dimrou |

I

J

A Bairing i
Bairing | i

4

F)

Bairing ||
Miren Abora
Rebon

|
Rongalzong / :|“
=g Sokbothung| + -
- g T L T T T T 1 1 T T ] AS % 2 “
C:.L‘.'f 535 -1.Tfl 2.‘55 164
Euclidean distance
Figurel: Dendrogram of ahu and jhum genotypesbased on
Euclidean distancesof mor phological traits. aand j indicate

ahu and jhum genotypes, r espectively

The pair wise genetic rel ationship among 24 up-
land rice genotypes based on RAPD data using
Jaccard’s coefficient of similarity ranged from 0.245
(between ‘Cheni ahu’ and ‘Kola ahu’) to 0.804 (be-
tween ‘Sakcharap’ and ‘Galengra’) with an average
of 0.493 (datanot shown), indicating high level of ge-
netic diversity inindigenousupland riceof Assam. No
two genotypes showed distance of zero or similarity
of one, whichindicatesthat the plant material usedin
the study does not contain any true duplicate. Jnum
rice showed higher average similarity index (0.562)
than ahu genotypes (0.458), indicating morediversity
in ahu genotypes. The populationin close neighbor-
hood tended to be uniform because genetic differen-
tiation is often prevented by gene flow!*9. Although
RAPD datarevealed higher genetic diversity of ahu
genotypesthan the jhumgenotypes, however, nodis-
tinct differenti ation between the ecotypesi.e., ahuand
jhumwas observed. Rice cultivarsof both the ecotypes
have been grown for thousands of yearsand thereis
no restricted gene flow between ahu and jhumrice

asthereisno crossbarrier, which might have contrib-
uted toindistinct differentiation between ahu and jhum
rice. From adaptive point of view, ahu and jhumrice
cultivarssharesimilar characteristicslike drought tol-
erant capacity, competition for weedsetc., indicating
acloserelationship in adaptive gene complex. How-
ever, microclimatic variationisbound to induce some
differences in the genetic make-up of these two
ecotypes, which needsfurther investigation.

The dendrogram of 24 genotypesbased on RAPD
usng UPGMA cluster analysisispresentedin Figure 2.
Grouping pattern revealed that ‘Kola ahu’, ‘Bairing’
and ‘Koimurali’ were more diverse and could be sepa-
rated from other genotypes. Restsof thegenotypeswere
separated into four main clusters (A, B, C and D).
Ecotype specific clustering pattern was only observed
insub-cluster of A with four jhumgenotypes (‘Bairing-
I1’, ‘Ronga izong’, ‘Glanchra’ and ‘Sokbotung-I") and
in cluster D with four ahu genotypes (‘AS-56/2,
‘Ikoraguni’, Bangal ahu’ and ‘Changa ahu’). For rest
of the genotypes no ecotype specific clustering was
observed, suggesting closegenetic rel ationship between
thesetwo groupsof cultivars.

Figure2: Dendrogram of ahu andjhum genotypesbased on
Jaccar d’s similarity coefficients of RAPD. aand j indicate
ahu and jhum genotypes, r espectively

Correlation between morphological traits and
RAPD

The correl ation coefficient between the datamatrix
and the cophenetic matrix for RAPD datawas 0.82
whichisconsidered ashigh enough toindicatethat the
clustering dendrogramisagood representation of the
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origind smilarity matrix*?. However, Mantel test'? re-
vealed lack of correlation betweenthegeneticdiversity
indicesof morphology and RAPD (r =-0.10923), in-
dicating that the two marker systemsrepresent two ar-
easof genome. Morphological traitsare controlled by
severd genes, which may be highly influenced by envi-
ronment¥. Mogt of thesetraitsaso sampleavery small
region of thegenoméd™. Moreover, thediversity of mor-
phological tratsreflectsthevariationin expressed (cod-
ing) sequences, whileRAPD polymorphism represents
variation in both coding and non-coding sequencesand
distributed throughout the gnome®4, Therefore, to
obtain agood correl ation between these two marker
systemswould bevery difficult.

Oneof theimportant goadsinany diversity analysis
isto haveacore collection for future reference. Usu-
ally, corecollectionsareregarded asbeing alimited set
of germplasm accessonsfromalarger germplasm col-
lection, selected on the basisthat they are representa
tiveof thediversity withinthewholecallection, andam
at improving the efficiency of management and use of
large germpl asm collections?. Thereareanumber of
waysthat acore set of germplasm can be sdlected, and
inour work wetested, on asmall scale, the efficiency
of two possiblemethods. Thisstudy will guide system-
atic collectionand maintenanceof uplandricegermplasm
of Assam along with their proper exploitationinrice
breeding.
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