
CHAPTER I

1.1 Introduction

INTRODUCTION

Rice equals wheat in importance as a staple food for mankind. Ninety percent 
of rice is grown and consumed in Asia. Although China is the leading producer, 
Thailand, Vietnam and the United States of America are the world’s leading rice 
exporters.

Rice can be grown from tropical Asia where it originated to latitude 35°s and 
53 ๐ N (Chang, 1979). It is grown at sea level as well as at elevations of 2,500 meters or 
even higher (Khush, 1975). The typical rice crop is not only grown under irrigated or 
rainfed, puddled, lowland conditions, but also grows in deep water area where the water 
reach up to 4 meters. Upland rice can be grown without standing water. These diverse 
cultural geographic conditions along with the force of natural selection have brought 
about various diversity in rice. There are approximately 120,000 cultivars (IRRI1 1980) 
present throughout the world.

1.2 Taxonomy and Breeding behavior

Rice has been classified into the genus Oryza under family Poaceae. This 
genus is highly variable and widely distributed throughout the world. There are about 20 
well defined species, two of which the Asian rice (Oryza saliva L.) and African rice (O. 
glaberrima) are cultivated.

Members of the Oryza are characterized by 6 stamens, spikelets with a single 
flower and the suppression of glumes. Different authors have proposed at least 75 
specific names for it various entities. Only 20-25 species are recognized by modern 
taxonomists (Khush, 1975). Recent taxonomic revisions have reduced the number into 
20 species, although some workers do not endorse all revisions. Chang, 1979 has listed 
20 species and their distributions. It can be noted that the cultivated types and their wild
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relatives are diploid (2n=24) while more than half of the wild species are tetraploid 
(2n=48). For some species, their genomes have not been verified.

Since the Oryza genus contains a species complex, it has received a diversity 
of taxonomic and nomenclatural treatments creating confusion in the rice literature.

The genus Oryza is also characterized by sterility barriers and the members 
are grouped into species complex. The "sativa complex “ includes o.sativa, o. 
glaberrima and their wild relatives. Members of this complex carries the A genome 
which is subdivided into A,Ab 1AClJ and A9 to indicate partial sterility and minor pairing 
aberrations in hybrids. The “officinalis complex “ are those that posses c , CD,BC or E 
genomes. These included o. officinalis, O. minuta, o. eichingeri, o. punctata, o. alta, 
o. grandiglumis o. latiforia and o. australiensis. The last complex includes o. 
brachyanta (F genome) and taxa of undetermined genome(s) such as o. ridleyi and o. 
granulata (Chang, 1979).

1.3 Origin and Distribution

Roschevicz first postulated in 1931 that the center of origin of genus Oryza was 
in Africa. However, a recent survey and re-examination of the geographic distribution of 
this genus and some possibilities of phylogeny (Oka, 1974) suggested that the valid 20 
species originated from the Gonwanaland continent (Chang, 1976a, 1976b) before it 
drifted into separated continents about 230-600 million years ago.

The two cultigens of o. sativa and o. glaberrima are thought to represent two 
independent and parallel domestication (Chang, 1979). The Asia rice is believed to be 
domesticated 9,000 years ago and could have been cultivated independently and 
concurrently at many sites within a broad belt that extends from the foothill of the 
Himalayas to South East Asia and Southwest China. Chang (1976) strongly suggested 
that o. sativa has a diffuse origin because of the continuous distribution of 
O.rufipogon.O. nivara and the spontanea forms of o.sativa present in these area.

Once it was domesticated, rice was most probably introduced from the Nepal, 
Assam, Myanmar and Yunan area into the Yellow River Valley, and from Indochina via a 
coastal route into the lower Yangtze River basin where the temperate race (cool-tolerant)
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became established (Chang, 1976). From China it was introduced to Japan in the third 
century. The short-grained cool-tolerant and low amylose race was later designated as 
Japonica or Sinica rice(Chang, 1976b).

The tropical race (Indica) spread southward into Sri Lanka and the Malay 
Archipelago and northward into Central and South China. The Indica race of China was 
initially grown in the middle Yangtze Valley basin probably before 200AD.From ancient 
India, men carried the Indica type westward to the Middle East, Europe and Africa 
(Chang, 1976).

The tall, large and bold grained Javanica race (bulu or gundil) of Indonesia 
appeared to be a more recent product of selection from the Indica race. Rice was being 
cultivated เท Indonesia around 1084 BC. From these, the Javanica race spreaded to the 
Philippines, Taiwan and Japan.

Asian rice was introduced from Europe to South, Central and North America 
and was cultivated เท the บ.S.A. during the seventeenth century (Anishetty, 1983). It is 
believed that rice reached East Africa along Sabaer Lane more than 1,000 years ago. 
Flowever, its introduction into West Africa by the Portuguese was more recent perhaps 
450 years ago (Anishetty, 1983).

The cultivated African rice o. glaberrima exhibits less diversity than its Asian 
counterpart. Also its distribution is limited to tropical West Africa (Chang, 1979). o. 
glaberrima probably originated in the inland delta of the Niger river in Mali about 3500 
years ago (Anishetty, 1983). Its primary center of diversity is in the swampy area of the 
upper Niger, and it has two secondary centers which lie to the southwest of the Guinea 
coast (Chang, 1979).

1.4 Evolution and Geographical Distribution

Many workers (Chatterjee, 1948,Sampath, 1962 and Oka, 1974) considered 
that o. perennis Moench was the common progenitor of both the Asian and African rice. 
Porters (1956) suggested that the common progenitor was a rhizomatous and floating 
form, but he did not name it. Chang (1976) considered the name o. perennis was an 
ambiguous designation used differently by various rice workers and which also included
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the annual weed races. He further classified o. perennis as a wild perennial which 
refers to O.rufipogon in Asia and o. longistaminata in Africa. For wild annual forms he 
refers to o. nivara or o. barthii in Asia and Africa respectively.

There are some hypothesis which have been considered for rice evolution as
follows.

1.4.1 Asian rice

Both Asian and African rice posses the A genome (Sharma and Shastry, 1965). 
Ng, 1978 reviewed literatures about the ancestor of Asian rice and found many authors 
postulated that o. sativa evolved from o. rufipogon o. officinalis 0. nivara, o. minuta 
and o. australiensis by examining their morphology and distribution. However, previous 
cytological works did not support this hypothesis. So he believed that o. minuta and o. 
officinalis could not be ancestors of o. sativa although they were found near the field of 
o. sativa. He had stated that o.australiensis which had a different genome and 
distribution could not really be the ancestor. Two species,O.rufipogon and o. nivara, 
which posses the A genome are most probably the ancestor of o. sativa. Both Oka and 
Chang believed these two species are the ancestor of Asian rice. However, their 
hypothesis differed as follows :

Chang Hypothesis

Wild perennial Wild annual Cultivated

o. rufipogon ^ o. nivara o. sativa
(Chang 1976a, 1976b)



พ อ ส ม ุ« ก ล า ง  ส ถ า น น า ท ย บ ร ก า า  5
พ ุา ล ง ก ร ง น ่ม ห า า ท ย า ล ย

Oka Hypothesis

o. sativa (cultivated)
o.perennis <  

( Wild perennis)
o. spontanea (wild annual)

(Oka, 1964,1974,1975,1977)

เท the first hypothesis, it was assumed that domestication of o. sativa came by 
way of the annual species o. nivara and that the ultimate progenitor was the perennial 
with the general concept of the evolution of cereal crops. The second hypothesis, 
assumed that the wild perennial species gave rise to both the wild annual and cultivated 
forms.

Recently, Sano et al., 1980 had proposed a new hypothesis. They considered 
high evolutionary potentiality, adaptability in disturbed habitat and high seed 
productivity. These seemed to assume that the intermediate perennial-annual 
populations were more likely to be the wild progenitors of (ว. sativa than perennial ones.

1.4.2 African rice

Studies of Ogbe and Williams (Anishetty, 1983) indicated that o. barthii was 
the progenitor of African rice. o. barthii itself was derived from o. longistaminata which 
was very variable, o. longistaminata grows widely throughout tropical and southern 
Africa. It is a perennial with extensive creeping underground rhizomes with long ligules 
and long slender spikelets. .

Wild perennial- >. Wild intermediate

Cultivated Wild annual
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V e ry  often o. glaberrima is grow n m ixed w ith  annual w e ed  races w h ich  is 

som etim es  ca lled  o. staphii and considered  to be an in te rm ed ia te  in the evo lu tion  o f o . 
glaberrima from  o. barthii.

1.4.3 Tha i rice

Thai rices includ ing w ild  and cu ltiva ted  rice are grow n in irriga ted  or ra in-fed, 

p ad d y low land  soils, but it a lso grow s in w a te r as deep as 4 m eters. U p land fo rm s are 

g row n w ithou t stand ing  water. These  d iverse cultural g eog rap h ica l cond itions  a long with 

the fo rce of natura l se lection  have b rought about va rious d ive rs ity  in rice. There  are 

ap p rox im a te ly  850 w ild  rices and 17,127 cultivars p resent in Tha iland  (Songkarn  
C h itrakon, 2001).

W ild  rices in Tha iland  com prised  o f 0 . rufipon G riff (O . perennis M oench.) 

p ossess ing  d ip lo id  and A  genom e, o. nivara Sharm a et S has try  p ossess ing  d ip lo id  

and A  g e n o m e ,o. Officinalis W all ex W att possessing  d ip lo id  and c c  g e n o m e ,o. ridleyi 
H ook possess ing  te trap lo id  and o . granulata Nees et A m . ex  W a tt p ossess ing  te trap lo id  

(Songkarn  C h itra ko n ,2001).

C u ltiva ted  rice cu ltivars d iffe ren tia ted  from  w ild  rice about 7 ,000  years ago and 
are o f the indica subspecies possess d ip lo id  AA  genom e. It has been recorded  in the 

Thai h istory tha t o. sativa has been cu ltiva ted  in northern part o f Tha iland  not less than 

5 ,000 years ago (C harnvit Kasetsiri, 1999). Based on a rchaeo log ica l ev id ences found, 

g lu taneous rice and upland rice cu ltiva tion  w ere  the m a jo r p rac tice  during  the 6 -1 1th 

cen tu ry  o f the Dhaw aravad i Period (C harnv it Kasetsiri ,1999). It w as in A yu tthaya  

d ynas ty  in the 15th century, tha t the low land rice cu ltiva tion  and non-g lu tinous rice had 

becom e d om inan t in the centra l plain to p rom ote  export o f rice to C h ina in 1722-1751 
(C harnv it Kasets iri 1 1999)

During these 500 years o f low land rice evo lu tion  m ore than  10,000 cu ltiva rs  - 
w ere  es tab lished  by farm ers in this country. N ative cu ltiva rs  of Thai low land  rice are the 

p rec ious living foss ils  to s tudy evo lu tion  at the m o lecu lar level, how  the a lte ra tion  at the 

g enom e level m ade these cu ltivars  adap tab le  to sub m erg ence  and ab io tic  s tress  such
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as sa line  and acid  soils, adverse c lim atic  cond ition such as w arm  and hum id trop ica l 

w eather.

A m ong  these  ab iotic  stress sa line  soil is the m ost im p ortan t p rob lem , since 

a lm ost 20 % o f to ta l area (17.8 m illion rai) in the N ortheastern  part is cons idered  sa line 

soil. เท the  sou th  about 2.3 m illion rai in the coasta l area is know n as sa line  soil, w h ich 

show  e lec trica l cond uctiv ity  (EC) betw een 4-6 dS ทา"1.

A  rice va rie ty  is defined as sa lt to le ran t rice w hen it can g row  in liquid m edium  
con ta in ing  0.3 % NaCI (EC 6 dS ทา"1).

From the list o f low land rice cultivars recom m ended by the Rice D ivision, 

D ep artm ent o f A g ricu ltu re  during the past 50 years, 10 high qua lity  ind igenous cu ltivars 

recom m end ed  fo r p lanting in the north, centra l, northeast and south Tha iland  w ith  known 

cha rac te r o f sa lt to le rance w ere  se lected  (Table 1.1).

Khao D awk Mali 105(KD M L 105) is one o f the sa lt to le ran t rice tha t can be 

re ferred  to as “the genetic  w o nd e r of Thai R ice” . The Se lection  C om m ittee  o f the 
D ep artm en t o f A g ricu ltu re  has announced  and recom m ended  KD M L 105 as a h igh- 

q ua lity  rice in M ay 1959. This cu ltiva r is best known fo r its soft w h ite , long, s le nd e r g ra ins 

w ith  sw eet p and anus-lea f frag rance. เท addition, KDM L 105 is res istan t to drought, and 

acid  soil but not res istan t to blast, bacteria l b light and brow n p lant hopper. For m ore 
than 40 years seeds of KD M L105 have been d is tribu ted  to fa rm ers th roug hou t Tha iland  

as one o f the recom m ended  cu ltiva r (Yaow anuj Ve jpada, 2000).

S ince the centra l plain and northern reg ions are the m ain rice grow ing  area of 

Tha iland , there  are m any h igh-qua lity  cu ltivars  w h ich w e re  se lected  besides KD M L 105, 
fo r p lanting  in these tw o reg ions (Suthep L im thongku l, 1988).

Khao Tah Haeng 17 is ano ther ind igenous rice tha t w as aw arded  a prize in 

1950, and announced  as a recom m ended  cu ltiva r in 1956 and 1965. The grain o f Khao 

Tah Haeng 17 is pure w h ite  and strong, w h ich is good fo r m illing. Khao Tah Haeng 17 is 
a recom m end ed  cu ltiva r both in centra l and northern reg ions o f Tha iland , and is known 
as one o f the sa lt to le ran t rice.

Leuang Pra tew  123 is the cu ltiva r in troduced  by the D epartm ent o f A g ricu ltu re  
in 1955. Leuang Pra tew  123 has high grain s treng th , high 100-gra in w e ig h t and high
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filled g ra ins/pan ic le . Leuang P ra tew  123 is to le ran t to sa line  and acid soils but not 

resistan t to drought.

G ow  Ruang 88 is the non-g lu tinous rice that was in troduced  in 1962. G ow  

Ruang 88 has high 100 grain w e ig h t and res istan t to saline soil and bacteria l b ligh t but 
not resistan t to blast.

M uey Nawng 62 M is a g lu tinous rice orig inated  in U bolra jthani. This cu ltiva r is 

salt sensitive, but res istan t to gall m idge. เท 1955, th is cu ltiva r w as recom m ended  for 

g row ing in north and northeast reg ions o f Thailand.

Five cu itivars o f ind igenous rice w ere  rep resenta tive  o f the S outhern  Region. 

The breeder seeds o f these five  cu itivars w e re  k ind ly p rovided by Patta lung  Rice 

Research Center, and the ir sa lt to le rance  or suscep tib ility  charac te ris tics  w ere  p rovided 

by Mr. Sam reuang Ton (personal com m unica tion ).

Nahng Pa-yah 132 is a sa lt to le ran t rice in troduced by the D epartm ent of 
A gricu ltu re  in 1962.

Look Daeng Pattani and Leb Nok Pattani are ind igenous rice o f Pattani, w h ich 

were both in troduced in 1994. Look Daeng Pattani is sa lt to le ran t w h ile  Leb Nok Pattani 

is not resistan t to saline soil.

Yah Y aw  and Foi Taw ng are also native cu itivars  o f southern  orig in, w h ich  are 

both sa lt sensitive cuitivars.

1.4.4 Exotic rice

Pokkali is a tall native cu ltiva r from  Sri Lanka, w h ich is known as a s tandard  salt 

to le rant ind ica rice (Ahm ed and G u p ta ,1991 ; A kb ar, 1986).

IR 28 is a sem i-d w arf cu ltiva r bred at the  In ternational R ice Research Institute, 

w h ich is known as salt sens itive  cu ltiva r (A kbar and Senadhira , 1988).
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T a b le l . 1 C om m on name, characteris tics, recom m ended year, and reg ion and country  
o f o rig in  o f rice cultivars.

Cultivar Type Harvesting
day

Height
(cm)

Abiotic stress Region and 
Country 

(Rec.year)

Reference
Saline
soil

Drought
stress

Acid Soil

Pokkali non
glutinous

T Sri Lanka A h m e d  a n d  G u p ta ,1 991 ; 

A k b a r ,  1986 .

Khao
Dawk Mali 

105

non
glutinous

20 Nov. 130 T T T All regions, 
Thailand 
(1959)

TR R I, E k s n g w o n  

C h u w is itk u l, 2 0 0 0

Khao Tah 
Haeng 17

non
glutinous

20 Dec. 150 T - - C,N, Thailand 
(1956, 1965)

TR R I, E k s n g w o n  

C h u w is itk u l, 2 0 0 0

Leuang 
Pratew 123

non
glutinous

19 Dec. 150 T ร T c, N, Thailand 
(1965)

TR R I, E k s n g w o n  

C h u w is itk u l, 2 0 0 0

Look
Daeng
Pattani

non
glutinous

Jan. -Feb. 160 T T ST, Thailand 
(1994)

TR R I, E k s n g w o n  

C h u w is itk u l, 2 0 0 0

Gow
Ruang 88

non
glutinous

21 Nov. 140 T - - C,N, Thailand 
(1962)

TR R I, E k s n g w o n  

C h u w is itk u l. 2 0 0 0

IR 28 non
glutinous

ร IRRI, The
Philippines

A k b a r  a n d  S e n a d h ira ,  

1988 .

Muey 
Nawng 62 

M

glutinous 20 Nov. 140 ร ร N, Thailand 
(1959)

TR R I, E k s n g w o n  

C h u w is itk u l, 2 0 0 0

Nahng Pa- 
yah 132

non
glutinous

16 Feb. 175 ร " - ST, Thailand 
(1962)

TR R I, E k s n g w o n  

C h u w is itk u l, 2 0 0 0

Yah Yaw non
glutinous

ร ST, Thailand P a t ta lu n g  R ice  R e s e a rc h  

c e n te r , S a m re u a n g  

T o n ,2 0 0 0

Foi Tawng non
glutinous

ร ST, Thailand P a t ta lu n g  R ice  R e s e a rc h  

c e n te r , S a m re u a n g  

T o n ,2 0 0 0

Leb Nok 
Pattani

non
glutinous

Feb. 170 ร - ■ ST, Thailand 
(1994),

TR R I, E k s n g w o n  

C h u w is itk u l, 2 0 0 0

- = No information T = Resistant ร = Sensitive c = Central N = Northern ST = Southern
Rec. year = Recommended year TRRI = Thai Rice Research Institute IRRI = The International Rice Research Institute
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1.5 Molecular Markers

Various m o lecu lar m arkers can be used to s tudy the genetic  d ive rs ity  and 

1 genetic  s im ila rities  associated  w ith specific  phenotypes. The DN A probes ob ta ined  from  

d ig estion  o f D N A o r cD N A  are used w hen a specific  gene or gene p rod ucts  are known 
to assoc ia te  w ith  a specific  character.

1.5.1 Restriction fragment length polymorphism ( RFLP )

RFLP invo lves p reparation o f DN A probes, from  e ither g enom ic  o r cD N A  

lib raries a fte r d igestion  ta rget DN As w ith restric tion enzym es, labeling  o f the restric tion  

frag m en t w ith  32p or b iotin, gel e lec trophores is , and S outhern  b lot hyb rid iza tion . W ang 
and T anks ley  (1989) analyzed 70 cultivars o f rice, rep resenting  the  b read th o f the 
sp ec ies  Oryza saliva, by using 10 rice RFLP m arkers. Po lym orph ism  w as d e tec ted  fo r all 

p robes, and 58 o f 70 cu ltivars tested  could be un ique ly  d is ting u ished  from  one ano the r 

by com b in ing  all p robe-enzym e com binations. W ith in -p op u la tion  varia tion , usua lly  in the 

form  o f hom ozygous, va rian t a lle les was found fo r 26%  of the rice cu ltiva rs . Based on 

genetic  d is tance  calcu la tions, the ratio o f the genetic varia tion  b etw een versus w ith in  
rice cu ltiva rs  w as estim ated to be around 12 to 1. An RFLP based on d end rog ram  w as 

cons truc ted  dep ic ting  genetic  d is tances am ong these rice cultivars.

S tarted  in 1992 Tanks ley  et al. have developed  a m o lecu la r linkage m ap fo r 

rice at C ornell U n ivers ity  th rough the support o f the R ocke fe lle r found a tion . The purpose 

o f the  p ro jec t w as to develop  a com p le te  m o lecu lar linkage m ap (based  m a in ly  on 
RFLPs) tha t could  be used by rice sc ientis ts th roughou t the w orld  fo r a cu ltiva r of 

ap p lica tions in b reeding and genetics. M ore than 600 RFLP m arke rs  have been 
loca lized  on th is rice map w ith an average spacing  o f ap p rox im a te ly  1 m arke r eve ry  2 
CM. The m arkers localized  on the m ap are derived from  both g enom ic  and cD N A  
lib raries from  severa l sources: from  the indica rice species, IR 36 (both genom ic  and 
cD N A  c lones), from  oat, barley (cD N A ’s only), and m aize (genom ic  c lones).
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Claes et al. (1990) found e ight p rote ins to be induced เท rice p lant und er salt 

stress. Partial am ino acid sequences o f one p rote in  o f 15 kDa, and an isoe lec tric  po in t of
5.5, w e re  d eterm ined . Based on the am ino acid  in form ation, an o lig onuc leo tid e  probe 
was syn thesized . Using this probe, a cD N A  clone, SalJ, w as ob ta ined  and found  to 
conta in  an open reading fram e coding for a prote in o f 145 am ino acid residues. Using 
the cDNA as a probe, ทาRNA hybrid iza tion  analysis w as carried  out. The Sa/T ทาRN A 
w as found  to accum ula te  very rap id ly in shea ths and roots from  m ature  p lants and 

seed lings upon trea tm en t w ith sod ium  ch lo ride(1% ), potassium  ch loride (1% ), a ir drying, 

A B A  (2 0 jiM ) and po lye thylene g lycol (5%). G enera lly, no induction  w as observed  in the 

leaf lam ina even w hen the stress should  a ffect all parts o f the p lant un ifo rm ly. The organ- 

spec ific  response o f Sa/T is corre la ted  w ith the pattern o f N a+ accum u la tion  during  salt 
stress.

1.5.2 Randomly Amplified Polymorphic DNAs (RAPD)

M uch in terest has recently  arisen in the PC R-based  RAPD m ethod  o f DN A 

finger p rin ting  (W illiam s et al, 1990) because o f its s im p lic ity. S ince it on ly invo lves PCR 
and agarose  gel e lec trophores is . เท add ition , RAPD p o lym orp h ism s are usua lly  

v isua lized  w ithou t the need o f labeled  rad io iso topes, w h ich  can be a s ig n ifican t handling 

and d isposa l concern. R ep roduc ib ility  of the RAPD m akers is, how ever, d ep end ent 

upon the annealing  o f 9- to 10- base arb itra ry  seq uences o f the  prim ers. P rim ers o f a 

h igher A T  com position  anneal at a low tem p era tu re  than do those w ith  h igher GC 
com position . It becom es m ore d ifficu lt, there fore , to ob ta in  rep eatab le  resu lts  using 
s tandard  PCR cond itions as the num ber of p rim ers screened  increases. เท addition, 

sub tle  d iffe rences in Mg + concentra tion , dN TP concentra tion , cyc ling  param eters, and 

o ther cond itions  s ig n ifican tly  a ffec t perfo rm ance o f the PCR reaction, a ffec ting  the 

rep rod uc ib ility  o f som e RAPD ana lyses and the trans fe r o f RAPD  identities  am ong 
labora to ries (W olff et al 1 1993).

Zheng et al. (1991) used RAPD m arkers to d e tec t D N A po lym orph ism  am ong 
19 rice cu ltivars  o f d iffe ren t types and orig ins, inc lud ing  W ulina i, a d w arf m utant am ong 

som ac lones of Ta izhongyn 39, and ITA 234, an up land  cu ltiva r from  N igeria  w ith 2
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prim ers : A P 8a and AP8b . The result show ed that prim ers could  am p lify  seg m ents  of 

genom ic D N A o f un identified  origin. A m p lifica tion  p roducts show  p o lym orp h ism s am ong 
d iffe rent cu ltivars.

Daw son et al. (1993) used RAPD m arkers to ana lyze genetic  d ive rs ity  w ith in  
and betw een Hordeum spontaneum populations sam p led  from  Israel. Nei ‘ร index o f 
genetic  d iffe ren tia tion  w as used to partition d ivers ity  into w ith in  and betw een popu la tion  
com ponents. F ifty seven per cent o f the varia tion detected  w as partitioned  w ith in  10H. 
spontaneum populations. Using principal com ponent and m ultip le  reg ression ana lysis, 
part o f the varia tion  detected  betw een populations w as seen to be assoc ia ted  w ith 

certa in ecogeograph ica l factors. Fifty e ight per cent o f the d is tribu tion  of the phenotyp ic  

frequenc ies o f th ree  RAPD phenotypes detected  using a s ing le  p rim er in 2 0H. 
spontaneum p opula tions could  be accounted fo r by four ecog eog rap h ica l va riab les, 

suggesting  adap tive  varia tion  at certa in RAPD loci.

R ice RAPD m arkers have been reported  by M onna et al.( 1994) in Rice G enom e 
N ew sle tte r (Vol.3, N o .2) to be very useful tool in the construc tion  a rice physica l m ap for 

m ap-based clon ing  of im portant genes by tagg ing  RAPD m arkers to seq uence tagged 

s ite  (STSs),us ing  bulked segregation  strategy, in com b ination  w ith  RFLP m arkers.

By using s ix ty  10-nucleotides long random  prim ers conta in ing  40 -70%  GC 

content to g enera te  RAPD m arkers in DNAs from  F2 popula tions o f cu ltivars  N ipponbare  

(Japonica) and Kasalath (indica) s ing le  cross, M onna et al. had pointed  out the 

advantage o f random  pairing of prim ers : in PCR by using doub le  p rim er RA PD  (DP- 

RAPD). A m p lifica tion  w ith  two random  prim ers resu lted  in 102 m arkers in the range of 

<100 bp to 2 kb that can be separa ted  on 2% ag arose  gel and 4 .5%  po lyac ry lam id e  
gel. The m ap positions o f RAPD m arkers w ere  de te rm ined  by p lac ing  them  onto  a m ap 

o f ap p rox im ate ly  1000 RFLP m arkers estab lished  by the Rice G enom e R esearch 

Program  (Kurata et al., 1994) and 102 RAPD m arkers g enera ted  by th is s tud y  w ere  
reported  to be fa irly  d is tribu ted  in all 12 chrom osom es o f rice.

Yu and Nguyen (1994) analyzed  genetic  varia tion  in 13 ind igenous rice 
cu ltivars  in the Philipp ines, in w h ich 7 cu ltivars are japonica sub sp ec ies  and 6 cu ltivars  
are indica subspec ies  tha t can be d iv ided  into nine up land  and four low land  rice 
cu ltivars by RAPD m ethod using 42 random  prim ers. They reported  260 PCR p roducts
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of w h ich  208 PCR products (80% ) w ere  polym orphic. A ll 42 prim ers used in the 

exp e rim en t w ere  am p lified  and typ ica lly  genera ted  one-to -fou r m a jo r bands. O n ly  tw o 
prim ers show ed  no po lym orph ism s. เท general, a h igher level o f po lym orp h ism  was 

found  betw een japonica and indica subspec ies  w h ile  few er po lym orph ism s w e re  found 

b etw een up land and low land cu ltivars  w ith in  the indica subspec ies. A  dend rog ram  that 
show ed the genetic  d is tances o f 13 rice cu ltivars was constructed  based on th e ir DN A 
p o lym orp h ism s in the s im ila rity  coe ffic ien t o f 0.2-0.8.

K a tiya r et al. (1994) used 10-m er o ligonuc leo tide  prim er (O peron Techno log y) 
Bulk Seg reg an t A na lys is  deve loped  by M ichelm one et al, 1991 to identify  a RAPD 

m arke r linked to a gall m idge res is tan t gene in cu ltiva r Duokang #1 from  China. O nly 

RAPD  m arker O PM  6 w as tigh tly  linked to gall m idge res istan tce gene o f D uokang  #1.

Ko et al. (1994) used RAPD to s tudy the genetic  re la tionsh ips am ong 37 rice 
cu ltiva rs  by using the  po lym erase chain reaction (PCR) w ith  27 a rb itra ry  o lig onuc leo tid e  

p rim ers. There  w e re  144 am p lifica tion  products, o f w h ich 67%  w ere po lym orph ism  and 7 
se lec ted  p rim ers gave su ffic ien t po lym orph ism  to identify  ind ividua l cultivar. RAPD 
p o lym orp h ism  patterns confirm ed that com m erc ia l A ustra lian  and USA lines and the ir 

re la tives w ere  ve ry  c lose ly  re la ted  w ith  s im ila rity  ind ices o f 88-97% . Three cu ltivars  

o rig ina ting  from  m ore d is tan t geograph ica l centers w ere  eas ily  d is tingu ished , p roduc ing  

cu ltiva r-sp ec ific  am p lifica tion  profiles and expressing  a low er s im ila rity  index o f 80%  to 
all o the r cu ltivars  tested .

G odw in et al. (1997) perform ed RAPD analysis am ong e ig h t rice som ac lona l 
fam ilies  know n to va ry  fo r spec ific  characters  and four som aclona l fam ilies  w h ich  w ere 

p heno typ ica lly  norm al. The parenta l cu ltivar, indica rice cv. FR 13 A, w as found  to be 
hom og eneous and hom ozygous at all but one o f the 45 RAPD loci. P o lym orp h ism s w ere  

found  at 28 o f the 45 bands am ong the som aclona l fam ilies, inc lud ing  both loss of 

parenta l bands, and the appearance  o f novel non-parenta l bands. S eg reg ation  data 
revea led  both he terozygous and hom ozygous m utation events, w ith  recess ive  m uta tions 
m ore p reva len t than dom inant. A ll som ac lona l fam ilies d iffered  s ig n ifican tly  from  the 
parenta l m ateria l, ind icating  tha t genom ic  a lterations occurred  in all fam ilies regard less 
o f phenotype. None o f the va rian t fam ilies could  be regarded  as isogen ic  lines o f FR
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13A at the D N A level. However, som e of the DNA level va ria tion  m ay be เท h ighly 

repeated  seq uences w ith no phenotyp ic  effects.

Verm a et al. (1999) analyzed  genetic  variation am ong the 17 scen ted  basm ati 

rice accessions co llected  from  the fa rm e rs ’ fie lds located at d iffe ren t p laces in India 

using 10 prim ers by RAPD m ethod. The num ber of p o lym orph ic  / ทาonom orp h ic  bands 

am ong the pa ir w ise  com b ina tions o f the accessions and the to ta l num b er o f bands 

w ere determ ined  to categorize  all the accessions in d iffe ren t g roups o f s im ila rity  and 

d iss im ila rity  at the genetic  level. The p rocedure described also a llow s the identifica tion 

and d iscrim ina tion  o f the ind ividual genotypes o f basm ati rice inc lud ing  the identifica tion 

o f the dup lica tes  in genetic  resource  co llections.

Baishya et al. (2000) investigated  genetic  varia tion  in n ine arom atic  and four 

nonarom atic  rice cultivars (Oryza sativa L.) at the DNA level using RAPD technique. 

Tw enty  six random  prim ers w ere  used to am p lify  DNA segm ents and 177 PCR products 

w ere  ob ta ined  o f w h ich 98 w ere polym orphic. O ne p rim er did not show  po lym orph ism . A  
dendrog ram  show ing  the genetic  d is tances of 13 rice cu ltivars w as construc ted  based 

on RAPD data.

1.5.3 Amplified fragment length polymorphism (AFLP)

A FLP  w h ich com bines the desirab le  characteris tics o f RFLP and RAPD was 
deve loped  by Vos et al. in 1995. A FLP  defined  sequences as adap ters  onto enzym e- 

d igested  genom ic DNA. The restric tion  enzym es se lected  fo r the d igestion  (such as Eco 
Rl and Mse I) are particu larly  s tab le  and well su ited  fo r non-G C  rich reg ions o f DNA. 

The desired  DN A fragm ents are se lec tive ly  am plified  by PCR using prim ers o f defined 

sequences, resulting  in h ighly rep roduc ib le  D N A fragm ent patte rns using s tandard  PCR 
cond itions. Use of a h ig h-reso lu tion  sequenc ing  gel a llow s large num bers o f am plified  
DN A fragm ents  to be separa ted  fo r detection. The percen tage o f reac tions yie ld ing  
useful po lym orph ism s is ve ry  high, and the presence o f m ultip le  po lym orph ic  
b ands/reaction  add to the e ffic iency  o f the technique.

High reproduc ib ility, rapid genera tion , and high freq uency  o f iden tifiab le  AFLP 

p o lym orph ism s m ake A FLP  D N A  analysis an a ttrac tive  techn iq ue  fo r identifying
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p o lym orp h ism s and fo r determ in ing  linkages by ana lyzing  ind iv idua ls  from  a 
seg regation  popula tion . A FLP  analysis does require  techn ica l exp ertise  fo r pouring 
sequenc ing  gels and using rad ioactive label to d e tec t the p o lym orp h ism s on an 
au to rad iog ram , A FLP  m arkers w ere read ily  scored เท seg reg a ting  popu la tions to 

d e te rm ine  inheritance  o f the polym orphism . Because m ultip le  po lym orp h ic  bands w ere 
reso lved  fo r each segregating  s ib ling in a s ing le gel lane, m ultip le  loci could  be m apped 
at the  sam e tim e, increasing the e ffic iency of de te rm in ing  linkages from  a map. 

A d d itiona l d eve lop m ents  o f A FLP  DNA m apping p rocedures w ill enhance  the  e ffic iency 
and ease o f the  techn ique, ensuring  its w id e r use in genom e m app ing  program s.

Huh and Huh (2001) used A FLP  to s tudy genetic  d ive rs ity  o f seven w ild  radish 

p opula tions in Korea. On average 58.4 % polym orphic m arkers w e re  genera ted  using 

e ig h t p rim er pairs. S eongsanpo population at C he iu-do show ed  the h ig hest w ith in  

popula tion  variab ility , w hereas K uryongpo population at G yeong sang b ukd o  exh ib ited  
the low est genetic  d ivers ity  o f all the Korean w ild  rad ish p opula tions. The m a jo rity  of 
g enetic  va riance  (96.7% ) resided w ith in  populations. The average num b er o f ind iv idua ls  

exchang ed  betw een populations per genera tion  was ve ry  high. These  estim ates  are 

cons id e rab ly  h igher than those from  species w ith s im ila r life h is to ry  and eco log ica l 

charac te ris tics . The w ild  radish populations of Korea w ere  sep ara ted  by the  PCR, 

show ing  genetic  d iffe rentia tion  betw een population locations.

1.5.4 Microsatellites or Simple Sequence Length Polymorphism (SSLP)

M icrosa te llites consist of short, tandem  repeats, typ ica lly  1 to 10 nuc leo tides of 
s im p le  DN A seq uence w h ich is inherited เท a M endelian fash ion. They  are abundant, 

w id e ly  sp read  th roug hou t the chrom osom e and are h igh ly  p o lym orp h ic  in eukaryo tic  

genom es (Tautz, 1989). A rrays  o f the repeat have been found to va ry  d ram a tica lly  in 

length, from  severa l to hundreds o f base pairs, p rovid ing  a new  and p lentifu l source  of 
a lle lic  po lym orph ism s (Tautz, 1989., W eb er and M a y ,1989., Litt and Luty.1989). 
M ic rosa tte llite  a rrays are em bedded  in un ique DNA seq uence, som etim es w ith in  the 
cod ing  reg ion o f genes, but m ore com m only  in the un trans la ted  reg ions o f the genom e 
(Va ldes et al., 1993).
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The m ost com m on repeats are the  d inuc leo tides (G T/AC )r1,(C T/A G )r1, and 

(TA /A T)n (Tautz and R enz,1984).The (G T/AC )r1 repeats are the m ost abundant and 

in form ative  in verteb ra tes, w hereas in plants it is the (TA /A T)n rep ea ts(Lag erc ran tz  et 
a/., 1993)

Recently  m icrosa te llites have been increasing ly  used as the m arkers of choice. 
There  are som e advantages o f utiliz ing m icrosate llites ove r o the r m arkers, w h ich m ake 

them  desirab le. First, m icrosa te llite  loci have been found in large num bers and re la tive ly  

even ly  spaced  th roug hou t the genom e. Second, a sm all q uantity  of D N A is used in an 

analysis o f m icrosa te llites. Third, these m icrosa te llite  arrays are h igh ly suscep tib le  to 

length m utation. F inally, m icrosa te llite  a lle les are cod om inen t m arkers inherited  in a 
M endelian fashion.

W annaw ich itra  et al. (2001) used SSLP to s tud y the genetic  re la tionsh ips 

am ong 48 rice cu ltivars  by using PCR w ith  64 SSLP m arkers. R ice could  be 

d is tingu ished  into main 3 groups: (1) local Thai rices and the hybrid RD group, (2) IR 
g roup  and (3) exotic  group. A  dendrogram  show ed tha t the genetic  d is tance  o f 48 rice 

cu ltivars construc ted  based on the ir DNA p o lym orph ism s w ere in the s im ila rity  
coe ffic ien t range o f 0.09-0.90.

1.6 Correlation between genetic variation and morphological index of salt sensitive and 
tolerant rice cultivars

1.6.1 Why should salt tolerant/sensitive rice be studied?

Rice is a stap le  food fo r m illions o f peop le in the w orld . To susta in  the food  

supp ly  fo r an increasing  population of rice eaters, the w orld  rice p roduction  m ust be 

increased  further. U nfortunate ly, severa l b iotic and ab io tic  fac to rs  low er rice production. 

A m ong  them , soil sa lin ity  is one o f the m ost w id esp read  soil p rob lem s. เท Tha iland , 
sa lin ity  is a m ajor ab io tic  constra in t lowering rice p roduction. P articu larly  in N ortheast 
Thailand, out of 17%  of the land, is sa lt-a ffec ted  to various d egrees (Arunin 1984). The 
u ltim ate source o f the salt is rock salt in M ahasarakham  Form ation (Kohyam a et
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al. 1993). W a te r a ffec ted  w ith  the sa lt, transports  sa lt to the soil surface by cap illa ry  rise 

and /o r seepage th roug h the soil layers (Kohyam a et al. 1993).

The sa lt-a ffec ted  lands are c lassified  accord ing  to percentage o f area o f sa lt 
patch on the soil su rface  (denuded patch m ain ly due to high sa lin ity) into 5 ca tegories 
(Arunin 1984): non sa lt-a ffec ted , potentia lly  sa lt-a ffec ted , s lig h tly  sa lt-a ffec ted , 
m odera te ly  sa lt-a ffec ted  and s trong ly  sa lt-a ffected .

The sa lt-a ffec ted  areas are considered  expand ing  due to hum an ac tiv ities  such 
as defo resta tion , sa lt-m aking  and construc tion  o f dam s, roads and w a te r reservo irs 

(M itsuch i et al. 1989). All o f these  hum an activ ities excep t sa lt-m ak ing  have been 

believed to p rom ote sa lin iza tion  th roug h  rising leve ls o f the sa line  g round w a te r (M itsuchi 

et al. 1989).

The present extant of the sa lt-a ffec ted  soil in the N ortheast a lready sub s tan tia lly  

constric ts  rice p roduction. The rap id  expansion o f the sa lt-a ffec ted  soil w ill m ake the 

constra in ts  m uch m ore serious in the near fu ture. To im prove rice y ie ld  เท such 
environm ents, it is im portant to breed and se lec t rice cu ltivars adap tab le  to salin ity. 

M any s tud ies have been conducted  to identify the charac te ris tics  w h ich lead to rice 

to le rance  to sa lin ity  and to im prove the sa lin ity  to le rance fo r m ain ta in ing  y ie ld  at a 

su ffic ien t level.

Rice is one o f the gra in crops sensitive  to soil sa lin ity  and the sens itiv ity  to 
sa lin ity  varies w ith  the grow th stages. เท genera l, rice is m ost sensitive  at the seed ling  

s tage and becom es less sensitive  as it grow s and develops. The re  have been, how ever, 

conflic ting  results about w he the r p lant sens itiv ity  at the rep roductive  s tag e  is s im ila r to 

tha t at the seed ling  stage. Kaddah and Fakhry (1961) observed  tha t the sens itiv ity  

d ecreased  as p lants g rew  and deve loped . On the o the r hand, Iwaki (1956) reported  that 

the rep roduc tive  g row th rep resen ted  by the num b er of sp ike le ts  and fe rtility  w as m ore 

a ffec ted  than the veg eta tive  g row th, suggesting  tha t p lants a t the rep rod uc tive  stage 
w ere m ore sensitive. These conflic ting  ob servation  m ay be due to the d iffe rences in the 

cu ltivars stud ied, since there w as a s ig n ifican t in teraction  in y ie ld  response  to sa lin ity  
betw een cu ltivars and deve lop m enta l s tages at w h ich  plants w e re  sub jec ted  sa lin ity . A  
positive  re la tion betw een sa lin ity  to le rance  at the seed ling  s tage and rep rod uc tive  stage 
seem s to exist, depend ing  on the cu ltiva rs  observed .
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V arie ta l d iffe rences in sa lin ity  to le rance at the seed ling  s tage have been well 

d ocum ented  (F low ers and Yeo, 1981). The to le rance w as often re la ted  to the  low 

sod ium  concentra tion  o f leaf, shoot and tissues in both g reenhouse  and fie ld. There fore , 
som e s tud ies  w ere  centered on the root ab ility  to exc lude sod ium , the low transp ort of 

sod ium  to the  shoot and the v ig o r o f plants. To le rance to high tissue sod ium  
concen tra tion  also plays a role in seedling to lerance.

On the o ther hand, few  stud ies (Bohra and D oerffling, 1993) have been carried 

out on the to le rance at the reproductive stage. A  to le ran t cu ltiva r a t the seed ling  s tage 
due to low  sod ium  concentra tion had a low sod ium  con ten t at m atu rity  and gave a high 

y ie ld , suggesting  tha t a low sod ium  concentra tion  m ay also be benefic ia l at the 
rep roduc tive  stage. There was a re la tionship  betw een seed ling  v ig o r und er sa lin ity  and 

yie ld  w ith  som e exceptions. เท general, considering  tha t the re la tion  betw een sa lin ity  

to le rance at the seed ling  stage and yie ld  under sa lin ity  d epends on the cu ltivars 

observed , it is un like ly that a low  sod ium  concentra tion  w ou ld  p lay an im portan t role in 
to le rance at the reproductive stage. It should  be de te rm ined  w h e th e r a low  sod ium  

concentra tion  in p lant could be related to the ab ility to m ainta in  y ie ld  at a su ffic ien t level 
und er sa lin ity  am ong a w id e r range of cultivars.

1.6.2 Information about Thai rice in terms of salt tolerance and sensitivity.

เท Tha iland , varie ta l d iffe rences in sa lin ity  to le rance at m any s tage have been 

s tud ied  such as germ ination rate, m orpho logy o f leaves and roots at seed ling  s tage and 
an thes is  stage.

1.6.2.1 Germination stage

Rice is to le ran t at the .g erm ina tion  stage. G erm ination  rate w as delayed  under 
low  sa lin ity  w h ile  decreased  to 50%  under high sa lin ity  (20-30 dS /m ). เท the N ortheast 
Sa line Soil D eve lopm ent Pro ject germ ination  rate o f 84 sa lt to le ran t rice  cu ltivars  w ere  
exam ined  in sa line  solution ranging from  1-25 dS/m . It w as  found  tha t m ost o f them  

germ ina ted  w ell in <  14 dS/m  salin ity. G erm ination  rate and s treng th  d ecreased  w hen
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the sa lin ity  level w as increased. Som e rice cultivars g erm ina te  w e ll under high sa lin ity  

level such as G ow  Ruang 88 and RD 3 g erm inated  at 25 dS/m  and KD M L 105 

germ ina ted  at 20 dS/m  respective ly.

1.6.2.2 Seedling stage

Rice seed ling  w ith  a few  leaves (2nd and 3rd leaf s tage) is m ost sens itive  to 

sa lin ity  and show  sym ptom s such as th in -sha llow  roots and burned lea f m argin. 

S eed ling s ’ g row th m easured  as p lant height and tille ring  d ecreased  to 50%  at 6 dS/m .

1.6.2.3 A n thesis  stage

Rice p lant is sensitive  at th is stage and the pheno logy re la ted  are: d ecrease  of 

num ber o f pan ic le /tille r, panic le exertion, num ber o f g ra ins /p an ic le  and thousand  grains 
weight.

1.7 R a tiona le  o f th is research

As review ed previously, ve ry  scant in form ation is ava ilab le  about the salt 

to le rance /sens itiv ity  in Thail rices espec ia lly  at the genetic  level by any type o f m o lecu lar 

m arkers w ith in  ind igenous salt to le ran t cultivars, and betw een sa lt to le ran t and salt 

sens itive  cu ltivars. To understand  the linkage betw een sa line  vu ln e ra b ility  at d iffe rent 
d eve lopm enta l s tages o f low land indica rice cu ltivars  recom m end ed  fo r p lanting  in 

various ecogeograph ica l regions, the sam e set o f seed p op u la tion  shou ld  be used for 

both genetic  varia tion  s tudy and phenolog ica l ind icators fo r sa line  vu lnerab ility .

RAPD m ethod via PCR w as se lected  a lthough it has severa l d isadvantages 

because o f its s im p lic ity, require  sm all am ount o f DNA, and consum e  less cost and time 
com paring  to RFLP, A FLP  and SSLP, so that the genetic  d ive rs ity  exp erim en t can be 

done in para lle l w ith  sa line  vu lne rab ility  assessm ent in 12 cu ltiva rs  at all 3 stages of 
deve lop m ent under both contro l and sa lt s tress cond itions  all to g e th e r 24 trea tm en ts  at 
each stage.
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The hardest part at the beg inn ing  o f this research w as to get enough am oun t of 

high un ifo rm ity  b reeder seeds fo r native salt suscep tib le  cu ltivars. W ithou t the 
ass is tance form  Mr. Sam reung  Ton, Phatta iung Rice Research Center, th is p ro ject could  
not be conducted.

It is hoped that th is research can provide linkage betw een sa line  vu lne rab ility  
p heno logy and genetic  d ivers ity  am ong 12 low land rice cu ltivars, o f w h ich  6 cu ltivars  
are known as salt to le ran t rice and 6 cu ltivars  are known as sa lt sens itive  rice.

เท this research, the 10-nucleotide random  prim ers designed  and purchased  

from  O peron Techno log ies w ere  based on the pub lished sequences o f the top  20 

random  RAPD prim ers recom m ended  fo r d istingu ish ing  japonica and indica subspec ies 

reported  by the Rice G enom e Research Pro ject led by Sasaki et al., Tsukaba Ibaraki 

305 Japan (M onna et at. 1994).

The expected  outcom e o f this pro ject is to  understand  genetic  varia tion  of 
low land Thai rices in tw o aspects : (1) genetic  d iversity  in re lation to g eod is tribu tion  (2) 

identify  standard  salt to le ran t and salt sensitive Thai cu ltivars by RAPD DNA fing er print 

and the ir re la tionsh ips w ith sa lt to le rance pheno logy usua lly  used in the conventiona l 
breed ing  program  fo r bette r sa lt to le ran t cultivar.

1.8 O bjectives

1. To understand genetic  varia tion  am ong native low land rice cu ltivars  of 

know n sa line vu lnerab ility  by using random  RAPD prim ers to iden tify  ind ividual cu ltiva r 

by R A PD -D N A  fingerprint.

2. To link the genetic  index w ith the pheno log ica l p aram eters used by 

conventiona l breeders in the im p rovem ent o f sa lt to le ran t rice cultivars.
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