
Annals o f  the Sri Lanka D epartm ent o f  Agriculture. 2008.10:157-164.

PYRA M ID IN G  O F BA C TER IA L LEA F BLIG H T R E SIST A N T  G ENES  
Xa-21  AN D  xa-5  IN  R IC E BY M O LEC U LA R  M A R K E R  A SSISTED

BR EED IN G

W .L.G . s a m a r a s i n g h e ',  a .h . g u n a d a s a 2, m .r .p . k u r u k u l a s o o r i y a ’.
C .B . H E R A T H 2 ,R .M .T . R A JA P A K S E 1 and K .K .S . F E R N A N D O 3  

. 'P la n t G enetic  R esources Centre. G annoruw a, P era d en iya  
2R ice  R esearch  a n d  D eve lo p m en t Institu te, B a th a la g o d a  

JS e e d  C ertifica tion  a n d  P la n t P ro tection  Centre, G annoruw a. P eraden iya

ABSTRACT

Bacterial L eaf Blight (BLB) caused by Xanthomonas oryzae pv. Oryzae, 
is one o f the m ost destructive diseases o f rice in Sri Lanka. C ultivation of varieties 
having m ultiple resistant genes w ill m inim ize the pesticide use w hile avoiding the risk o f  
disease epidem ics. Pyram iding o f genes by m olecular M arker A ssisted Selection (M A S) 
has proven to be the best practical approach to incorporate m ore than one resistant 
gene. In 2003, a popular variety Bg358 was crossed into IR B B60 having Xa-21, xa-13, 
Xa-4 and xa-5  resistant genes. G enerations w ere advanced along with the field screening  
for BLB resistance..using m ost virulent isolate and by selecting lines for desirable  
agronom ical traits. M olecular M arker A ssisted Selection (M A S) was carried out in Fs 
generation onw ards. Specific prim ers, pTA248 and RG5S6 (digested with D ral)  
identified the presence o f Xa-21 and xa-5  genes in line 1033 of F7. The sam e line also 
showed a high level o f field resistance for BLB in Fs generation. T herefore, it can be 
concluded that the required level o f BLB resistance w as achieved in rice line 1033 
derived from the cross IRBB60 x Bg358 by pyram iding Xa-21 and xa-5  genes.

KEYW O RDS: Bacterial Leaf Blight, Gene pyramiding, Rice:

INTRODUCTION

Bacterial Leaf Blight (BLB), caused by Xanthomonas oryzae 
pv. oryzae (Xoo) is one of the most destructive diseases of rice throughout the 
world. The disease contributes to the loss of the entire crop at seedling stage 
and yield loss up to 50 % at a later stage. Pathogens from different locations 
having different degree of virulence have been found and there is clear eco- 
geographic variation among bacterial isolates at molecular (DNA) level (Ou, 

, 1985). Furthermore, any effective agricultural practice or agro-chemical has 
not been used in the field to control the disease to date. Therefore, the most 
effective approach to combat BLB is the use of resistant varieties (Kush et al 
1989). Scientists have found that there are genes in some rice varieties that 
could withstand the disease. These genes are not widely distributed among 
rice varieties (rice germplasm), instead are restricted to a few (Kush et al., 
1989).

The pyramid lines have shown a wider spectrum of resistance 
than of resistance given by lines having a single resistant gene. The BLB 
resistant genes xa-5, xa-13 and Xa-21 together have shown resistance to all
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k n o w n  p a th o g en s .  P y ra m id in g  o f  these  g en es  co u ld  be im poss ib le  using 
c o n v en tio n a l  m e th o d s  d u e  to the ep is tas is  and / or the  m a sk in g  effec ts  (H u an g  
ei al.. 1997). T h e re fo re .  D N A  M a rk e r  A ss is ted  S e lec tion  (M A S )  w as  used  to  
p y ram id  fo u r  B L B  re s is tan ce  genes  into rice varie ties . A th ree -g en e  
c o m b in a t io n  a p p e a re d  to  be the  m o s t  e ffec tive , w ith Xa-21 co n tr ib u t in g  the 
la rgest c o m p o n e n t  o f  re s is tance . It has been  sh o w n  th a t  the  in co rpo ra tion  o f  
these  re s is tan t  g e n e s  into c o m m e rc ia l  c u lt iv a rs  is su ccess fu l  and  e ffec tive  in 
c o n tro l l in g  the  d isea se  (K ush  et al., 1989).

B g  300 , B g  358 and  B g  352 a re  so m e  o f  the  p o p u la r  local rice 
va r ie t ie s  re leased  by  the  D e p a r tm e n t  o f  A g ric u l tu re  (D O A )  w h ich  are 
su sc e p t ib le  to  the  d isea se  at p re sen t  (F e rn an d o  et al.. 2 0 0 7 ) .  A n  IRR1 p y ram id  
line IR B B 6 0 ,  w h ich  ca rr ie s  the  re s is tan t g en es  Xa-4. xa-5. xa-13  and  Xa-21 
has b een  d e v e lo p e d  su c c e ss fu lly  (H u a n g  et al., 1997). T h e  o b je c t iv e  o f  th is  
w o rk  w a s  to  p y ra m id  B L B  res is tan t  g en es  in 1RBB 60 in to  p o p u la r  locai rice 
va r ie t ie s  by b re e d in g  and  M A S .

M A T E R IA L S  A N D  M E T H O D S

Breeding programme

A  b re e d in g  p ro g ra m m e  w as  in itia ted  to  in co rp o ra te  res is tan t 
g e n es  in to  the  local rice v a r ie t ie s  at the  R ice  R esea rch  and  D e v e lo p m e n t  
Ins ti tu te  (R R D I) ,  B a ta la g o d a .  IR B B 6 0  w as  used as the  d o n o r  pa ren t and  
c ro sse s  w e re  m a d e  w ith  the B L B  su scep t ib le  v a r ie t ie s  B g35S . B g300  and 
B g 3 5 2 . G e n e ra t io n s  w ere  a d v a n c e d  th ro u g h  the  c o n v e n t io n a l  b re e d in g  and 
se lec tion . F ie ld  s c re e n in g  fo r  B L B  w as  ca r r ie d  o u t  in F 3, F 5 and  Fg 
g e n e ra t io n s .  M o le c u la r  m a rk e r  s c ree n in g  w a s  ca rr ied  o u t  fo r  p ro g e n y  lines  in 
Ff (F e rn a n d o  et al.. 2 0 0 7 )  an d  Fg at the  P lan t G e n e t ic  R eso u rc e s  C en tre  
(P G R C ).  G a n n o ru w a .

Extraction of DNA

D N A  w a s  e x tra c te d  from  le a f  s am p le s  o f  f if teen  lines co llec ted  
from  F? g e n e ra t io n  in R R D I ,  B a ta la g o d a  us ing  C T A B  “ m in ip r e p ” p ro toco l 
( IC G E B , 2 0 0 3 )  a n d  the  pe lle ts  w e re  d is so lv ed  in 100 pi o f  T r is -E D T A  (pH  
8.0) b u ffe r  [1 m  T r is -H C L  (pH  8.0), 0 .5 M  E D T A  (pH  8 .0)] .  D N A  sam p les  
w e re  q u a n t if ie d  by  u s in g  bo th  U V  S p e c tro p h o to m e te r  (B IO M A T E  3) and  0.8 
%  ag aro se  ge ls . A g a ro s e  ge ls  w e re  s ta ined  by  e th id iu m  b ro m id e  and  bands  
w e re  v isu a l ized  u n d e r  U V  light in gel d o c u m e n ta t io n  a p p a ra tu s  (B IO -R A D ). 
B ased  on the  s p e c tro p h o to m e tr ic  read ings  and  in tens ity  o f  D N A  bands , D N A  
sam p les  w ere  d i lu te d  to  25 n g /p l  fo r  PC R .
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Polym erase Chain R eaction (PCR)

DNA of advanced progeny lines and susceptible check were 
subjected to PCR analysis using primers, pTA248 for Xa2L RG136 for xaJ3 
and RG556 for xa5 resistant genes (Table 1). Amplification was performed in 
15 pi volume reaction mixture containing 0.05 uM each of two opposing 
primers, 10 ng of genomic DNA. 200 pM of each four dNTPs, 0.05 units/'pl 
Taq DNA polymerase in a reaction buffer [10 mM Tris-HCl (pH 8.3), 50 mM 
KC1, 1.5 mM MgCband 0.001% gelatin]. A PCR programme (denaturation-1

c omin. at 94 C, primer annealing-1 min. at 56 C and primer extension-3 min. at 
72°C) of 40 cycles was performed to amplify the DNA. Amplified products 
were separated in-' 1.4 % agarose gel in a voltage gradient of 5 V/cm and 
products of primees RG136 and RG556 were digested using Drci\ and Hinfl. 
respectively. Digestion was carried out in a total reaction volume of 10 pi. 
The reaction mixture consists of, 1 pi restriction buffer (10X), 0.1 ul bovine 
serum albumin (10 pg/pl), 0.3 pi restriction enzyme (10 units/’pl) and 4 pi of 
PCR products and 4.6 pi sterile distilled water. The mixture was incubated for 
1 Vz hours at 37 C and products were separated in the agarose gels (1.4 %) and 
bands were visualized under UV light in gel documentation apparatus (BIO­
RAD) after staining with ethidium bromide for 20 min. and destaining with 
water for 15 min.

Table 1. Details of three BLB resistant m arkers used in M AS.

M a r k e r P r i m e r  ( 5  3  ’) L i n k e d

g e n e

S i z e  o f  a m p l i f i e d  

p r o u c i s

p T A 2 4 8 F - A G A C G C G G A A G G G T G G T T C C C G G A
R - A G A C G C G G T A A T C G A A A G A T G A A A

X a - 2 1 R - 1 0 0 0  bp  
S - 7 5 0  bp

R G 1 3 6 F - T C C C A G A A A G C T A C T A C A G C
R - G C A G A C T C C A G T T T G A C T T C

x a - 1 3 1 0 0 0  bp

R G 5 5 6 F - T A G C T G C T G C C G T G C T G T G C
R - A A T A T T T C A G T G T G C A T C T C

x a - 5 1 5 0 0  bp

R -R e s is ta n t ,  S -  S u s c e p t ib le

Field screening by bacterial inoculation

A single colony of Xanthomonas oryzae pv. Oryzae was 
streaked on modified Wakimoto’s medium (20 g/I sucrose, 5 g/1 peptone, 0.5 
g/1 Ca(N03)2.4H20 , 1.8 g/1 Na2HP04.7H20, 0.05 g/1 FeS04.7H20.- 20 g/1 
agar). Three to four, 72 hours old cultures were dissolved in sterile distilled 
water and concentration of the cell suspension was adjusted to 10s CFU/ml 
(Ou, 1985). The plants were inoculated by clipping tips of 5—10 fully opened 
leaves at the maximum tillering stage (approximately 45 days after 
transplanting) as described in Kauffman et at. (1973). To evaluate the disease 
reaction, the standard method, based on the lesion length (> 5 cm — resistant, <
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5 cm  - su sc e p t ib le )  w a s  u sed  a fte r  14 d ay s  o f  inocu la tion  (K a u r  et al., 2005). 
A s  the  lesion  leng ths  w e re  no t d if fe ren t  a f te r  14 days, p e rcen tag e  o f  infected 
p lan ts  in a  p ro g e n y  line w a s  taken  as the  m e a su re m e n t  fo r d isease  res is tance. 
F ie ld  sc ree n in g  o f  Fs g en era t io n  w as  carr ied  ou t  at R R D f, B a ta lag o d a  w ith  the 
m o s t  v iru len t  isola te , w h ich  is o ne  o f  the  seven ty  iso la tes  co llec ted  from  Sri 
L an k a  (F e rn a n d o  et al., 2005). B efo re  inocu la ting  the  field , 5 -10  leaves o f  
r ice va rie tie s ;  T N - l  (su sc e p t ib le  check),  IR B B 6 0  (res is tan t  ch eck ) ,  B g358 , Bg 
300  and  B g 3 5 2  a t  m a x im u m  ti l le r in g  s tage  (approx . 45 d ays  o f  transp lan t ing )  
w e re  in o cu la ted  at th e  P G R C  p lan t  house  to  ch eck  the  v iru len ce  o f  pa thogen .

R E S U L T S  A N D  D IS C U S S IO N

Molecular analysis

O u t o f  15 a d v a n c e d  p ro g e n y  lines sc reen ed , 10 lines am p lif ied  
the  m a rk e rs  fo r  re s is ta n t  g e n es  Xa-21, xa-13 and xa-5  and  th e  rest d id  not 
a m p lify  a n y  m a rk e rs  (T a b le  2) d e sp ite  pu re  D N A  b e in g  p re sen t  in all lines. 
T h is  w a s  c o n f i rm e d  by re p e a t in g  the  a n a ly s is  once . T h e  p a r t icu la r  g en es  m ay  
h ave  e sc a p ed  d u r in g  th e  se lec tion  fo r  d e s irab le  m o rp h o lo g ica l  ch a rac te rs  in the  
c o n v e n t io n a l  b re e d in g  p ro g ra m m e .

T a b le  2 . M o le c u la r  s c r e e n in g  o f  F 7 a n d  F ie ld  s c r e e n in g  o f  F g.

Cross F7 generation F# generation
Molecular screening Field screening (Susceptible %)

Lines Xa-21 Xa-13 Xa-5 Lines % Lines % Lines %

IRBB60 1006 - - - 2837 1 0 % 2838 1 0 % 2839 1 0 %
xBg300 1008 - - 2 2 2 2 50% 2223 50% 2224 50%

.1009 R - - 2840 1 0 % 1 284 i 15% 2842 15%
1014 R - - 2843 15% 2844 15% 2845 15%

IRBB60 1015 S - - 2225 25% 2226 25% 2227 25%
xBg352 1018 - - - 2228 75% 2229 25% 2230 50%

1019 - S - 2231 25% 2232 25% 2233 50%
1 0 2 0 - - - 2846 2 0 % 2847 1 0 % 2848 1 0 %
1026 S s - 2234 25% 2235 25% 2236 15%
1027 s s S 2849 0 % 2850 0 % 2851 0 %
1028 - - - 2237 15% 2238 15% 2239 15%
1030 s s s 2240 15% 2241 1 0 % 2242 25%

1RBB60 1033 R s R 2243 15% 2244 15% 2245 15%
xBg358 1039 R s S 2852 0% 2853 0% 2854 0%

1041 R s s 2246 15% 2247 15% 2248 15%
R - Resistant, S -  Susceptible, (-) -  not amplified

F ie ld  sc re e n in g  fo r  B L B  in F 8 g e n e ra t io n s  sh o w e d  a level o f  
re s is tan ce  su ch  a s  S (S u scep tib le ) ,  M S  (M o d e ra te ly  S u scep tib le ) ,  M R
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(M o d e ra te ly  R e s is ta n t)  an d  R (R e s is ta n t)  in th e  p ro g e n y  lines  a d v a n c e d  from  
F 7 (T a b le  2). Jn s o m e  o f  th e  lines , a l th o u g h  th e  p a r t ic u la r  g e n e s  su ch  as  Xa- 
21. xa-13 and xa-5  w e re  n o t  o b s e rv e d  a t m o le c u la r  a n a ly s is ,  a  h ig h e r  level o f  
fie ld  re s is ta n c e  w a s  re c o rd e d  (T a b le  2). T h is  m a y  be  e i th e r  d u e  to  the  
e x p e r im e n ta l  e r ro rs  in f ie ld  s c r e e n in g  o r  p re s e n c e  o f  s o m e  o th e r  re s is ta n t  
g e n e s  w h ic h  c o u ld  n o t  be  d e te c te d  by  th e  c u r re n t ly  a v a i l a b le  m o le c u la r  
m a rk e rs  (H u a n g  et a/., 1997).

T h e  p r im e r  p T A 2 4 8  ( fo r  th e  m a r k e r  fo r  Xa-21) a m p l i f ie d  
re s is ta n t  f r a g m e n ts  o f  1000 bp  an d  a s u s c e p t ib le  f r a g m e n t  in b e tw e e n  7 5 0 -5 0 0  
bp (C h u w o n g s e  et a/.. 1993) in p a re n ts ,  IR B B 6 0  a n d  B g  3 5 8 ,  re s p e c t iv e ly  
(F ig . 1). In m o le c u la r  s c r e e n in g  o f  15 lines  o f  F 7 g e n e ra t io n ,  th e  m a rk e r  fo r 
g e n e  Xa-21  w a s  o b s e rv e d  o n ly  in 1009, 1014 lines  o f  IR B B 6 0  X  B g  3 0 0  an d  
1030. 1033, 1039  an d  1041 l in es  o f  I R B B 6 0  X  B g  3 5 8  c ro s s e s  (F ig .  1, T a b le  
2). A ll th e se  l ines ,  w h ic h  c a r ry  X a-21 , s h o w e d  85 — 90  %  o f  f ie ld  re s is ta n c e  
th a t  is d e s i r a b le  fo r  c o m m e rc ia l  v a r ie t ie s  to  a c h ie v e  d u ra b le  re s is ta n c e  
(R a ja p a k s e ,  2 0 0 7 ) .  T h i s  a lso  s u p p o r ts  the  fac t  th a t  th e  Xa-21  g e n e  e x p re s s e s  a 
m a jo r  c o n t r ib u t io n  fo r  th e  r e s is ta n c e  in th e  d o n o r  J R B B 6 0  (K u s h  e t  a l ., 1989). 
N o n e  o f  th e  p ro g e n y  l in e s  a m p l i f ie d  th e  m a rk e r  fo r  r e s is ta n t  g e n e  xa-13  as  
d e te c te d  in th e  d o n o r  p a re n t  I R B B 6 0 .  b u t  7 l ines  a m p l i f ie d  th e  b a n d  fo r  
s u s c e p t ib le  a l le le  a s  a p p e a re d  in th e  s u s c e p t ib le  c u l t iv a r  T N -1  [F ig . 2 (b )] .  
M o le c u la r  s c r e e n in g  fo r  r e s is ta n t  g e n e s  xa -5 d e te c te d  th e  r e s is ta n t  a l le le  in th e  
line  1033 a n d  d e te c te d  s u s c e p t ib le  a l le le  in 4 l ines  w h ic h  w a s  id en t ica l  to  
s u s c e p t ib le  c h e c k  T N -1  [F ig . 2 (a)] .

Resistant 
band lOOObp ^

Susceptibi 
band 750bp

1000 bp 

500 bp

F ig u r e  1. A m p l i f i e d  P C R  p r o d u c t s  s h o w i n g  t h e  p r e s e n c e  o f  X a - 2 1  r e s i s t a n t  g e n e  in l in e s  
o f  F 7 g e n e r a t i o n  u s in g  s p e c i f i c  p r i m e r  p T A 2 4 8 .
( I R B B 6 0 - r e s i s t a n t  v a r i e t y ,  B g 3 5 8 - s u s c c p t i b l e  v a r i e t y ,  1 0 0 6 —1041 L in e s  o f  F 7 
g e n e r a t i o n ,  L - l  k b  L a d d e r ) .
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■m* g-

1000 bp 

500 bpResistant bands

000 bp 
Susceptible

500 bp

F ig u r e  2. (a )  A g a r o s e  (1 .4  % )  ge l  s h o w i n g  th e  p r e s e n c e  o f  x a - 5  r e s i s t a n t  g e n e  in lin e  1033  
o f  F7 g e m  r a t io n ,  a m p l i f i e d  b y  sp e c i f ic  p r im e r  R G 5 5 6  a n d  d ig e s t e d  w ith  O r a l .  

( T N - 1 - s u s c e p t i b l e  v a r i e t y ,  1 0 2 7 - 1 0 4 1  L in e s  o f  F 7 g e n e r a t io n ,  L - 1 k b  L a d d e r ) .

(b )  A g a r o s e  ge l  (1 .4  % )  s h o w in g  th e  a b s e n c e  o f  x a - 1 3  r e s i s t a n t  g e n e  in l in es  o f  
F7 g e n e r a t io n  a m p l i f i e d  b y  s p e c i f ic  p r im e r  R G 1 3 6  a n d  d ig e s t e d  u s in g  H i n f \ .  

( I R B B 6 0 -  r e s i s t a n t  v a r i e t y ,  B g 3 5 8 /  T N - 1 -  s u s c e p t ib le  v a r ie t i e s ,  1009  — 1033  
L in e s  o f  F 7 o f  g e n e r a t io n ,  L- 1 kb  L a d d e r ) .

T h e  p re s e n c e  o f Xa-21  and  xa-5  re s is tan t  g e n e s  in 1033 line in 
c o n tra s t  to  the  b a n d in g  p a t te rn s  o f  IR B B 6 0  w h ile  a b s e n c e  o f  xci-13 in the  sam e  
line w a s  c o n f i rm e d  by  re p e a t in g  the  an a ly s is  tw ic e  (F ig . 3).

F ig u r e  3 . A g a r o s e  ge l  (1 .4  % )  o f  P C R  p r o d u c t s  s h o w in g  th e  p r e s e n c e  o f  X a - 2 1  a n d  x a - 5  

( d ig e s t e d  w it h  D r a  I) r e s i s ta n t  g e n e s  a n d  a b s e n c e  o f  x a - 1 3  ( d ig e s t e d  w ith  
r e s is t a n t  g e n e  in l in e  1033  o f  F- g e n e r a t io n  u s in g  s p e c i f i c  p r im e r s .
( I R B B 6 0 -  r e s i s ta n t  v a r ie t y ,  T N - l - s u s c e p t i b l e  v a r ie t y ,  L - l  k b  L a d d e r ) .
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Field screening

In F 5 g e n e ra t io n ,  it s h o w e d  a  leve l o f  9 0 .4 8 %  re s i s ta n c e  to  the  
m o s t  v i ru le n t  iso la te  o f  Xanthom onas oryzae  pv . oryzae  (F e r n a n d o  et a l., 
2 0 0 7 ) .  S in c e  in o c u la t io n  o f  n e a r  g e n e r a t io n s  a re  n o t  e f f e c t iv e  w i th  r e s p e c t  to  
th e  s a m e  iso la te  (118). in o c u la t io n  o f  p ro g e n y  l in e s  in F s g e n e r a t io n  w a s  d o n e  
to  s c re e n  th e  f ie ld  re s is ta n c e  a n d  c o n f i rm  th e  re su l ts  o f  th e  m o le c u la r  m a k e r  
a n a ly s is  a s  p r o g e n ie s  h a v e  r e a c h e d  h o m o z y g o s i ty  fo r  th e  r e s i s ta n c e  c h a r a c te r s  
a t  th e  Fg ( R a ja p a k s e ,  2 0 0 7 ) .  C o m p a r i s o n  o f  r e s u i ts  o f  m o le c u la r  s c r e e n in g  o f  
F ? a n d  th e  r e s u l ts  o f  f ie ld  s c r e e n in g  o f  Fg a re  s h o w n  in T a b le  2.

It ' i s  e v id e n t  th a t  f ie ld  s c r e e n in g  c o m p le m e n te d  b y  m o le c u la r  
m a rk e r  s c r e e n in g  e n a b le s  to  id en tify  g e n e  p y ra m id  l ine  fo r  B L B  re s is ta n c e  
w ith  a  h ig h  a c c u ra c y .  T h is  a lso  g iv e s  th e  c o n f id e n c e  fo r  r ic e  b r e e d e r s  fo r  
s e le c t in g  g e n e s  fo r  p y ra m id  line  e a r ly  a t  th e  F'2 g e n e r a t io n  u s in g  m o le c u la r  
m a k e r s  fo r  X a-21. xa-13  a n d  xa-5  g e n e s .

2 C O N C L U S I O N S

B L B  re s i s ta n t  g e n e s  Xa-21  a n d  xa-5  w e r e  p y r a m id e d  to  F? line 
N o .  1033 o f  IR B B 6 0  x  B g  3 5 8  c ro s s  w h ic h  c a n  be  fu r th e r  a d v a n c e d  to  d e v e lo p  
v a r ie t ie s  w i th  d u ra b le  re s is ta n c e  fo r  b a c te r ia l  l e a f  b l ig h t .  T h i s  a ls o  g iv e s  the  
c o n f id e n c e  fo r  r ic e  b re e d e r s  fo r  s e le c t in g  g e n e s  p y ra m id  line  e a r ly  a t  th e  F'2 

g e n e ra t io n  u s in g  m o le c u la r  m a k e r s  fo r  Xa-21, xa-13  a n d  xa-5  g e n e s .

A C K N O W L E G E M E N T S

A u th o r s  w is h  to  e x p re s s  th e i r  s in c e re  th a n k s  to  th e  S L - U S D A  
p ro je c t  fo r  f in a n c ia l  a s s is ta n c e ,  M s .  S.I. S a m a ra r a tn e ,  M r .  B. B a n d a r a  a n d  M r.
T . A b e w i c k r a m a  o f  P G R C  a n d  R R D I  fo r  p re v io u s  w o rk ,  M r. H .M . R a n a w e e r a  
a n d  M s. N .T .  W ic k r a m a s in h g e  o f  P G R C  fo r  th e  a s s i s t a n c e  a n d  c o o p e r a t io n  
g iv en .
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