
CHAPTER IV

D ISCUSS IO N

4.1 G enetic varia tion

เท th is research, RAPD was used to detect genetic  varia tion  in 10 Thai rice 

cu ltivars: K hao Dawk Mali 105, Khao Tah Haeng 17, Leuang P ratew 123, Look Daeng 

Pattani, G ow  Ruang 88, M uey Nawng 62 M, Nahng Pa-yah 132, Yah Yaw , Foi Taw ng 

and Leb Nok Pattani, and 2 exotic rice cultivars: Pokkali and IR 28. in the screening  

experim ent, 20 random  prim ers o f 10 nuc leotides seq uence w e re  used to am p lify  DNA 

seg m ents  from  the genom ic DNA of 6 rice cultivars. Five prim ers: X6, X8, X9, X 10  and 

C1 out o f 20 prim ers tested showed po lym orph ism  that can be used as RA PD -D N A 

fing erp rin ts  fo r Pokkali, Khao Dawk Mali 105, Khao Tah Haeng 17, Leuang Pratew 123, 

Look Daeng Pattani and IR 28. The am p lifica tion  products w ere  ob ta ined in all 6 

cu ltivars  g enera ting  a total of 131 am p lifica tion  products, w h ich  ranged in s ize betw een 
200-1 ,517  bp (F igure 3.2,3.3 and 3.4). The m ost s ig n ifican t results from  pair-w ise 

s im ila rity  coe ffic ien t fo r 6 cultivars using 5 random  prim ers show  2 groups, conta in ing  3 

sa lt to le ran t cu ltivars  Leuang Pratew 123, Pokkali, and Khao D awk M ali 105 in the sam e 

group. Khao Tah Haeng 17 and Look Daeng Pattani are m ore c lose ly  re la ted  to IR 28 

than Khao D aw k Mali 105 (F ig .3.5). From RAPD analysis Pokkali is also c lose r to  Leuang 

P ra tew 123 than o ther cultivars. Base on RAPD ana lysis  using 5 random  prim ers all 6 

cu ltiva rs  can be identified  from  each o the r easily, so RAPD ana lysis  could  be usefu l for 

rice cu ltiva r identifica tion. The po lym orph ism  DN A bands can be se lec ted  and 

designed  fo r the construction of the D N A -fingerp rin ts  by com p uterized  technique. 

U sing the 1 and 0, w h ich ind icate the p resence and absence o f a spec ific  band, W eng 

et al, 2000 a lso reported  that hybrid rice cu ltivars in C h ina and the ir parents  were 
identified  by com bin ing  RAPD, AFLP and SSLP. RAPD m arkers can a lso be converted  to 
seq uence tagged  sites (STSs) and STS spec ific  p rim ers by p lac ing  them  onto  the 

ava ilab le  m ap o f RFLP m arkers estab lished  by the R ice G enom e R esearch Project 
(M onna et al, 1994) and Cornell U n ivers ity(Tanks ly  et al, 1992). A m ong  the 5 random
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prim ers, p rim er 9 has the h ighest potential to d is tingu ish  betw een sa lt to le ran t and salt 

sens itive  cultivars. Am p lifica tion  products w ere  there fo re  genera ted  w ith  prim er X9 in 12 

cu ltiva rs  includ ing 5 salt suscep tib le  Thai cu ltivars. Tota l o f 16 am p lifica tion  products, 
w h ich range in size between 200-1517 bp w ere g enera ted  by random  p rim er X9 

(F ig .3.6). The m ost s ign ificant results from  pair-w ise s im ila rity  c oe ffic ien t fo r 12 cu ltivars  

show  that all the 10 Thai rice cultivars are c lose ly  re lated com p aring  to the 2 exotic 
cu ltivars: Pokkali and IR 28 (F ig .4.1). S ince RAPD ana lysis  is based on random  

am plifica tion  o f d ifferent tem plates on genom ic DNA and the G C con ten t in the 10 

nuc leotide m ay provide variab le polym orphism  due to varia tion  in annea ling  tem pera tu re  

w ith  som e prim ers between d iffe rent genotypes. A na lys is  o f am p lifica tion  products 

p rovides assessm ents of genetic  d istances, seed purity, reso lu tion  o f uncerta in ties in 

paren tage and can be a precise m ethod fo r legal p ro tec tion  o f im proved  cultivars 

(Tancred  et al., 1994). PCR m arkers are also useful fo r genetic  d iagnostics and 

m o lecu la r taxonom y stud ies (W illiam  et al., 1993). O nly ve ry  sm all quan tities  o f plant 

m ateria l are required  fo r this type o f analysis. Varia tion  o f th is  techn iq ue  have been 

app lied  to analyze in tra-and in ter-specific  po lym orphism  (K o lch insky  et al., 1991). เท this 

research RAPD analysis by 5 random  prim ers can identify ind iv idua l va rie ty  but not able 

to d is tingu ish  geographica l d istribution, because the 2 g roup  ob ta ined  w ere  not 

sep ara ted  by reg ional orig in. Ko et al., 1994 used RAPD to s tud y  the genetic  

re la tionsh ips am ong 37 rice cu ltivars by using the po lym erase  chain reaction (PCR) w ith 

27 a rb itra ry  o ligonuc leotide prim ers. There w ere  144 am p lifica tion  p roducts, o f w h ich 

67%  w ere  polym orphism  and 7 selected  prim ers gave su ffic ien t po lym orph ism  to 

iden tify  ind ividual cultivar. RAPD po lym orphism  patterns con firm ed  that com m erc ia l 

A us tra lian  and USA lines and the ir re latives w ere ve ry  c lose ly  re la ted  w ith s im ila rity  

ind ices of 88-97% . Three cultivars orig inating  from  m ore d is tan t geog rap h ica l centers 

w ere  eas ily  d istinguished, p roducing  varie ty-sp ec ific  am p lifica tion  profiles and 

exp ressing  a low er s im ila rity  index o f 80% to all o ther cu ltiva rs  tested . By com paring  37 
rice cu ltivars  analyzed by Ko et al., 1994 and 12 cu ltivars  used in th is  research, it is 
obvious tha t w id e r genetic varia tion  exists am ong Thai rice (s im ila rity  coe ffic ien t in the 
range o f 0 .00-0.93), because rice were cu ltiva ted  in Tha iland  fo r m ore than 7,000 years 
(C h itrakon, 2001). Yu and Nguyen, 1993 ana lyzed  genetic  va ria tion  in 13 rice cu ltivars
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Fig 4.1 Fan-dendrogram  show ing h igher genetic s im ila rity  am ong local rice 
cu ltiva rs  com paring to exotic cultivars
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in the Philipp ines, in w hich 7 cultivars are japonica subspec ies and 6 cu ltivars  are indica 
subspec ies tha t can be d ivided into nine up land and fou r low land rice cu ltivars by 

RAPD m ethod using 42 random  prim ers. They reported  260 PCR products o f w h ich 208 

PCR products(80% ) w ere polym orphic. All 42 prim ers used in the exp erim en t w ere 
am p lified  and typ ica lly  generated  one-to -four m ajor bands. O nly tw o p rim ers show ed no 

polym orphism s. เท general, a h igher level of po lym orphism  w as found betw een japonica 
and indica subspecies while few er polym orph ism s w ere  found  betw een up land and 

low land cultivars w ith in  the indica subspecies. A  dendrogram  tha t show ed the genetic 

d istances o f 13 rice cultivars was constructed  based on the ir DN A p o lym orph ism s in the 

s im ila rity  coeffic ien t range of 0.2-0.8. N oticeab ly, the genetic  varia tion  (s im ila rity  

coe ffic ien t in the range of 0 .17-0.93) am ong 10 local cu ltivars in Tha iland  are m ore 

d iverse than 13 indica and jap on ica cultivars co llected  at IRRI (5 Philipp ines, 2 India, 2 

Ivory Coast, each from  Brazil, New G uinea, N igeria and Japan).

Beside RAPD, progress has been m ade in the s tudy o f genetic  index by using 

s im p le sequence length polym orphism  (SSLP) m arkers w h ich  are e ffec tive ly  assayed 

by PCR. W annaw ich itra , 2001 used SSLP to s tudy the genetic  re la tionsh ips am ong 48 
arom atic, local rice cultivars 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 g ro u p s ,(2) IR 

groups and (3) exotic groups. A  dendrogram  show ed that the genetic  d is tance  of 48 

rice cultivars constructed  based on the ir DN A 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. By com paring  48 rice cu ltivars  ana lyzed  by 

W annaw ich itra , 2001 and this research, the results ind icated  th a t 12 cu ltivars  used in 
this research have ap prox im ate ly  the sam e genetic  varia tion  as ev ident by s im ila rity  

coe ffic ien t range of 0.00-0.93, and confirm ed very w ide genetic  varia tion  am ong Thai 
local cu ltivars, and Asian low land rice o f indica subspecies.

4.2 Correlation between genetic variation and salt tolerant /sensitive phenological 
parameters

Am ong the 4 local cultivars: Gow Ruang 88, Look Daeng Pattani, Leuang 
Pratew  123 and Khao Dawk Mali 105, w h ich are g ene tica lly  s im ila r com pared  by
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s im ila rity  coe ffic ien t equal o r h igher than 0.80 (F igure 4.1 and Tab le  3.7), the degree of 

sa line  vu lne rab ility  observed  in the vegeta tive  phase nam ely; d am ag ed  leaf and plant 

he ight are c lass ified  in the sam e group by sta tistica l ana lys is (Tab le  3.9 ). So the results 
from  RAPD ana lysis  in these 4 cultivars show ed good corre la tion  w ith  these  two 

pheno log ica l param eters perta in ing to sa lt to le rance in the veg e ta tive  phase. There  is no 

c lea r corre la tion  betw een genetic  s im ila rity  coe ffic ien t and p heno log ica l index w hen the 

genetic  s im ila rity  coeffic ien ts  w ere low er than 0 .80(Tab le  3.7). เท the  g erm ination  stage 

and rep rod uc tive  phase, there was no s ig n ificant corre la tion  ob served  betw een genetic 

index and p heno log ica l indices.

N um erous rice genes are believed to m ed iate phys io log ica l p rocess in 

response to sa lt stress. The horm one abscisic  acid (ABA) w as  found  to increase to 

tissues sub jec ted  to stress such as salt, d rought or des icca tion  o r cold. M undy and 

C hua(1988) have reported  that an A B A -resp ons ive  rice gene, rab-16, tha t is induced by 
A B A  and osm otic  stress in vegeta tive  tissues. Four m em bers o f rice rab gene fam ily 

w ere  c loned  and sequenced  by Y am ag uch i-S h inozak i et al. 1989, to be all 

transc rip tiona l e lem ents, and DN A-b ind ing  prote ins w ith  certa in  m o tif known as ABA- 

responsive  e lem ents. C laes et al (1990) found  e ight p rote ins to be induced the salt- 

sens itive  rice p lant sub jected  to salt stress. One o f them , w ith  the m o lecu la r w e ig h t 15 

kDa w ere  c loned, sequnced  and designed  fo r an o lig o -nuc leo tid e  probe. Using the 
probe, a CÜNA clone, Sa/T, was obta ined and a lready m apped using A FLP  m arkers on 

rice chrom osom e 1 (G regorio  1997). Sa/T ทาRN A w as found  to accum u la te  rap id ly in 

shea ths and roots o f seed lings and m ature rice p lants upon trea tm en t w ith  1% NaCI, 1% 

KCI, 20 ]iM A B A  and 5%  po lye thyleneg lyco l, but not observed  in the  leaf lam ina.The 

o rg an -sp ec ific  response o f Sa/T is corre la ted  w ith  the patte rn  o f Na* accum ula tion  
during  sa lt s tress. PCR based techno logy offers g rea t potentia l to enhance D N A m arker 

ass is ted  se lec tion  (M AS), by using tw o prim ers pairs based on the  sequence tagged 
s ite  da ta (S TS s) and RAPD m arkers linked to a spec ific  p heno log ica l index.

M ore investigation  is required  to understand  the underlin ing  genes and 
p rocesses in sa line  vu lnerab ility . D ifferent phys io log ica l p rocesses m ay be responsib le  
fo r sa lt s tress in d iffe ren t d eve lopm enta l s tages o f rice, s tarting  from  seed g erm ina tion  to 
ripening.
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4,3 Genetic variation and various criteria of salt tolerance

There  are 8 , criteria of sa lt to le rance used in th is research to com pare 

pheno iog ica l param eters w ith RAPD analysis starting w ith  p ercent germ ination , leaf 

d am age p lant height, tillers/h ill, shoot/roo t ratio ((S/R), pan ic les/p lant, fill g ra ins /pan ic le  

and 100 gra in  weight.

4.3.1 Percent germination

เท th is research various salt levels 3,6 ,8 ,10 and 12dS/m  w ere used. Tab le3.8 

show ed tha t the sa lt to le rance at the germ ination stage w as not inverse ly  corre la ted  w ith 

salt concentra tion . N oticeab ly, the results confirm ed that Pokkali d isp layed  the h ighest 

percent germ ina tion  at all sa lin ity level ranging from  0-12 dS/m  and IR 28 d isp layed  the 

low est p ercen t germ ination com paring w ith all cu ltivars. A m ong  5 local sa lt to le rant 

cu ltivars, Leuang Pra tew  123 is the best for sa lt to le rance and Nahng Pa-yah 132 is the 

m ost suscep tib le  cultivar. None of the Thai cu ltiva r is better than Pokkali. The results is 

s im ila r to tha t reported  by Bong et a /.,1996, in w h ich 13 local cu ltivars  in V ie tnam  were 

com pared  w ith  Pokkali and IR 28 using only one salt c o n c e n tra tio n l ,5% N aC I(25 dS/m ). 
None of the V ie tnam  rice cu ltivar is more salt to le rant than Pokkali. H ow ever there  is no 

corre la tion  betw een RAPD m arkers and percent germ ination  excep t betw een Pokkali 

and IR 28 pa ir (s im ilarity  coeffic ient =0 and % germ ination  o f P okka li= 91 .43, IR 28 =0 at 
12 dS/m ).

4.3.2 Salt tolerance criteria in the vegetative phase

The surviva l scoring of plants based on v is ib le  sym p tom s in the veg eta tive  

phase is a re liab le and sim ple ind icator o f sa lin ity  to le rance and freq uen tly  used as a 
screen ing  criterion (Yeo et a /.,1990 ..Narayanan and S ree,1991). เท this study, 3 criteria: 
dam aged  leaf, p lant height and tillering w ere  evaluated  at a sa lin ity  level o f 8 dS/m 
com paring  to contro l w h ich conta ins no salt. A m ong these  3 criteria  leaf d am ag e is 
considered  the best one based on statistica l analysis. H ow ever any of these 3 crite ria , 6 
salt sens itive  cu ltivars can be c learly  d istingu ished  from  6 sa lt to le ran t cu ltiva rs  at 3
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w eeks a fte r trea tm ent. (F igure  3.10, 3.12 and 3.13). A t the 6 th w eek, 6 sa lt sens itive  

cu ltivars  d ied, w hereas 6 sa lt to le ran t cu ltivars  still surv ived. By using  these 3 c rite ria , 6 
sa lt sens itive  cu ltivars can be d is tingu ished  from  6 sa lt to le ran t cu ltiva rs  s ince 3 w eeks 
a fte r sa lt treatm ent. A ccord ing  leaf d am age Khao Tah Haeng 17 is the m ost salt 

to le rance  Thai cu ltiva r and M uey Nawng 62 M is the m ost salt sens itive  cultivar.

By com paring  the po lym orph ic  DN A betw een Khao Tah Haeng 17 and M uey 

N awng 62 M in F igure 3.6, a fa in t band at 450 m ight be a putative m arke r for 

d is tingu ish ing  sa lt to le ran t Khao Tah Haeng 17 from  sa lt sens itive  M uey Nawng 62 M. 
O ther sa lt to le ran t cu ltivars a lso show ed fa in t bands at th is position. This RAPD m arker 

m ay be enhanced  by op tim iz ing  annealing  tem p era tu re  in the PCR cond ition  tog e the r 
w ith  the use o f doub le p rim er R A PD (D P-R A PD ), and com b ina tion  w ith know n RFLP 

m arkers in the v ic in ity  o f putative sa lt responsive  genes.

Tab le  4.1 exh ib its  corre la tion  betw een RAPD ana lysis  o f genetic  varia tion 

and p ercent leaf dam age the best c rite rion  fo r sa lt suscep tib ility.
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Table 4.1 Correlation between RAPD analysis of genetic variation and percent leaf 
damage in 12 rice

C ultivars  Pair Pair-W ise S im ila rity  

coefic ien t using 
Prim er X9

% Leaf d a m a g e * 

at the 5 th w eek 

under salt stress 

(8 dS/m)

Sa lt to le ran t/sa lt 

sens itive

G R/LD P 0.93 15.87ab/15 .30ab T/T
G R /LPT 0.88 15.87ab/13 .49ab T/T

LPT/K D M L 0.80 13.49ab/15 .27ab T/T
LPT/LD P 0.80 13.49ab/15 .30ab T/T
LPT/KTH 0.75 13.49ab/10 .74a T/T

FT/NP 0.80 39.37c/48 .22cd ร /ร
Y Y /N P 0.75 43.33cd/48 .22cd ร /ร
FT/'LNP 0.75 39.37c/43 .37cd ร /ร

M N/KTH 0.71 49.43d/10 .74a S/T
M N /N P 0.57 49.43d/48 .22cd ร /ร
Y Y /P O K 0.57 43.33d/21 .87b S/T

K D M L/PO K 0.55 15,27ab/21 .87b T/T
IR /LD P 0.36 49.11๘/1 5.30ab S/T
IR /M N 0.33 49.11d/49 .43d ร /ร

*  Means followed by a common letter are not significantly different at 5 % level by DMRT.
POK = Pokkali 1 KDML = Khoa Dawk Mali 105, KTH = Khao Tah Haeng 17
LPT = Leuang Pratew 123 LDP = Look Daeng Pattani GR = Gow Ruang 88
IR = IR 28 MN = Muey Nawng 62 M NP = Nahng Pa-yah 132
YY = Yah Yaw FT = Foi Tawng LNP = Leb Nok Pattani
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From  analysis o f variance by DMRT, p ercent lea f d am age observed  at the 5 
w eek can ob v ious ly  c lass ify  6 salt to le ran t cu ltivars (10 .74-21 .87%  lea f dam age) from  6 

sa lt sens itive  cu ltivars (39 .37-49.43%  leaf dam age). เก con tra ry  the pa ir-w ise  s im ila rity  
coe ffic ien t from  RAPD analysis w h ich is not specific  can on ly  show  genetic  s im ila rity  
w ith in  the g roup  o f 5 local sa lt-to ie ran t cu ltivars(0 .75-0 .93) and w ith in  the g roup  o f 4 salt- 

sens itive  cu ltiva rs(0 .75 -0 .80). W hen the genetic  s im ila rity  coe ffic ien t w as be low  0.75, the 

cu ltiva rs  p a ir m ay be e ithe r T/T or T/S.

From  archeo log ica l ev idence and geographica l d is tribu tion , non-g lu tinous rice 

sep ara ted  from  g lu tinous rice on ly about 500 years ago, and before the transp lanting  
techno log y  o f w e tland  rice was estab lished  in the low land centra l p lain o f Thailand. 

Khao Tah Haeng 17 is considered  the o ldest cu ltiva r am ong all 10 Thai rices. It most 

like ly  tha t Khao Tah Haeng 17 is c lose ly  linked w ith M uey N aw ng 62 M m ore than other 

cu ltivars. The  results ind icates that about 30%  genetic  d is tance is enough to exp la in  for 

d iffe ren t sa lt to le ran t pheno logy o f Khao Tah Flaeng 17 w ith resp ec t to M uey Nawng 62 
M.

O the r low land sa lt to le ran t cu ltivars nam ely Khao D aw k Mali 105, Leuang 

P ra tew  123 and G ow  Ruang 88 o rig ina ted  in the centra l part o f Tha iland  and adap ted  to 

w e tland  ecosystem . These  3 cu ltivars are c lose ly  assoc ia ted  both in term s o f genetic 

varia tion  and sa lt to le rance. Sa lt to le ran t lines o f Khao D aw k Mali 105 and Leuang 
P ra tew  123 cu ltivars  have been deve loped  through tissue cu ltu re  (Va jrabhaya  et al., 
1989) and s ix  sa lt to le ran t lines o f RD 23 w h ich show ed h ig her surv iva l rate and 

accum u la ted  pro line and sugar h igher than the ancesto r line: RD 23 (Sungsuk, 1998). 

These  sa lt to le ran t lines w h ich w ere  som aclona l va ria ted  lines ob ta ined  from  RD 23 

shou ld  have ve ry  high s im ila rity  coe ffic ien t w ith the ances to r line : RD 23 but d iffe r in salt 

to le rance  by som e genes involved w ith  p ro line and sugar accum ula tion .

4.3.3 Salt tolerance criteria in reproductive phase

The  4 criteria  used w ere : ratio  o f shoo t to root d ry w e ig h t, pan ic les/p lan t, fill 
g ra ins /p an ic le  and 100-gra in  w e ight. A ll these param eters w e re  a ffec ted  by sa lt stress to
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a certa in  extent and depend on individual cultivar. The re  is no c lea r sep ara tion  in yie ld  

com p onen t as to s ix-sa lt to le rant / sensitive cultivars.

The results ind icated that genetic varia tion based on RAPD ana lysis  by a single 
random  prim er can reflect genetic s im ila rity  am ong 10 local cu ltivars, and w id e r genetic  

d is tance  of Thai rice from Pokkali, the exotic tall cu ltiva r from  รท Lanka, and the sem i

d w arf IR28 from  the International Rice Research Institute. W ith in  the 10 local cu ltivars, 4 

sa lt-to le ran t cu ltivars: Gow Ruang 88, Look Daeng Pattani, Leuang Pratew  123 anc 

Khao Dowk Mali 105 are c lose ly  associated  both by genetic  index and phenolog ica 
p aram eters in the vegeta tive  phase espec ia lly  the leaf dam age. Khao Tah Haeng 17 

w h ich can be ranked the best salt to lerant Thai rice, and M uey Nawng 62 M w h ich is 

p laced as the least sa lt to le rant cu ltivar are c lose ly  re lated by this random  prim er.

The interaction betw een several sa lt responsive  genes or genotype  (G) and 

env ironm en t (E) m ay lead to the partition coeffic ient. The effec t o f geographica l 

d is tribu tion  can a lso be observed for the 3 pairs of sa lt sens itive  cu ltivars: Foi Tawng 

and Nahng Pa-yah 132, Yah Y aw  and Nahng Pa-yah 132, and the pair o f Foi Taw ng and
Leb Nok Pattani.
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