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SCAR marker for the identification of Altemaria alternata 
causing leaf spot disease in rubber (Hevea brasiliensis)
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A bstract

T he ob jective o f  the  presen t w ork w as to develop  rehab le  sequence charaeterised  atnplified region (SC A R ) m arker to iden ti^  
A U e r m n a  causing lea f spot d isease  in rubber T h e  pathogens A l,ernaria  and C orynespora  cause siiBtla, disease symptom 
rubber and  w as found  to  occur d urm g the sam e season o f  the y e a r  T w o p airs o f  S C A R p n m ers  derived ftom  unique 
successfully  used in diagnostic  PCR to identify  A llen ,a ria . T his technique could  detect the  pathogen w hen the fiingal DNA 
concentration  w as as low  as 1 ng  in standard  PCR reaction volum e o f  25 jtl. D N A  sam ples from  diseased lesions (0.2 to 0.5 cm 
d iam eter! w ere successfully  used m identification o f  the pathogen using SCA R m arkers. This m olecular tool appears to be very 

useful fo r ep idem iological studies on A h e rn a n a  le a f b light in rubber
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Introduction

M olecular m arkers have proven to be useful for 
detection  o f  econom ically  im portant plant pathogens, 
w hich  are difficult to differentiate using conventional 
tech n iq u es. A m ong  the  P C R -b ased  m ark e rs  R A PD  
m arkers are  m ost w idely used. A lthough R A PD m arkers 
are usually  dom inant m arkers, they are sensitive to m inor 
changes in reaction conditions during PCR amplification, 
w hich can result in  irreproducible results (Rugienius et 
al., 2006). To im prove the reliability  o f  RA PD s and to 
c o n v e rt th em  to  c o -d o m in an t m ark e rs , P a ran  and 
M ichelm ore (1993) developed  a technique know n as 
sequence characterized am plified region (SCA R), which 
is based on sequencing the polymorphic fragm ent derived 
from  RA PD prim ers and designing longer prim ers that 
specifically  bind to the RA PD fragm ent. SC A R m arkers 
are m ore advantageous than RA PD m arkers because 
they usually  detect only a s ingle locus and are therefore, 
m ore specific and stab le (Ye el a l., 2006; A kkurt e l al., 
2007). T h e ir  PC R  am p lificatio n  is less sen sitiv e  to 
r e a c t io n  c o n d it io n s ;  th e y  a re  m o re  l ik e ly  to  be 
co -dom inant m arkers and are  therefo re  reproducib le  
(K ethidi et al., 2003).

The leaf disease caused by Ahernaria  was recently 
id en tified  on  ru b b er (R o y  el a l., 2006), which has 
sym ptom s sim ilar to that o f  the devastating Cotynespora 
leaf disease caused by Corynespora cassiicola on mbber. 
Hence a sensitive and quick m ethod for its identification 
was essential to discrim inate betw een Ahernaria  and 
C o r y n e s p o ra  fo r  d e v e lo p in g  e ff ic ie n t  d isease 
m a n a g e m e n t s tr a te g ie s .  T h is  p a p e r  rep o rts  the 
developm ent and evaluation o f  two SCAR markers for 
the identification o i  A ltertum a  on rubber.

M a te ria ls  an d  M ethods 

L ea f samples showing symptoms such as circular/ 
irregular spots surrounded by a yellow  halo, shriveUing 
o f  leaf tips, railw ay track sym ptom  etc. were collected 
from differenc clones o f  rubber during the disease season 
(January to April). The pathogen was isolated by plating 
surface-sterilized pieces o f  diseased tissue on potato 
dextrose agar (PDA) m edium . All isolates were punfictl, 
m aintained on  PD A and stored al room temperature.

F or ex traction  o f  genom ic D N A , six mycelial 
plugs (5 mm diam eter) w ere taken from the advancuig 
m argins o f  7-day-old culture o f  each isolate, transferre



to potato dextrose broth (PUIJ) and incubaicd at 25“C 
on an orbital shaker (100 rpm) for 4 days. Extraction 
and purification o f th c  total gciiom ic DNA were carried 
out following the m odified C T A 3 protocol (Saha et a! 
2000).

T w enty  a rb i tra ry  d e c am e r  p rim ers  fO peron  
technology Inc.. USA) w ere selected based on our earlier 
studies (R oy et a i ,  2006) for PCR am plifications o f 
A lienuiH a  and Con-nespora  cultures. Am plifications 
were perform ed in a total volum e o f  25 \i\b y  m ixing 50 
ng o f  tem plate DN'A with 10 picom olcs o f  single primer, 
0.2 m M  o f  c a c h  d X T P s , 0 .7  u n its  o f  Taq DXA 
polymerase (GE Heathcare, UK) and 2.5 |il o f  1 Ox DXA 
polymerase buffer. Am plifications were performed in a 
tlieraial cycler w ith an initial denaturation step at 94°C 
for 3 min., follow ed by 40 cycles o f  30 see, at 94°C, 1 
mm, at 37°C  and 2 min. at 72°C with a final extension 
at 72°C for 7 min. A m plified products were analysed 
along with a D X A  m arker, as m olecular size reference, 
by eiectrophoresis on a 1 %  agarose gel in 1 x TBE buffer, 
stained with ethidium brom ide (0.5 g/ml), visualized with 
u l tra v io le t  l ig h t  an d  p h o to g ra p h e d  u s in g  G el- 
docum entation  system  (B io -R ad  L aborato ries Inc.. 
USA),

Two isolates each Alternaria  and Coiynespora  
were chosen to develop pathogen-specific SCAR inarker 
for A lle rn a ria . A fte r  p e rfo rm in g  R A PD -PC R  with 
selected operon  p rim ers, the am plified  product was 
electrophoresed and bright, consistent and specific bands 
existmg only in A llernaria  was selected for conversion 
into A lte rn a r ia -s p e e if ic  SC A R  m arker. B ased  on 
differential band ing  pattern  betw een  A llernaria  and 
C oiynespora, n ine RA PD  prim ers were selected and 
used for further analysis. Six I ^ ^ D  fragments OPAl 7 ,^, 
0PA 17,„„, 0 P A 1 9 „„„ , 0PA B11,„„„, 0PA C 5,„„ and 
0PA F17,jj^  w ere selected  for conversion  to SCAR 
markers (the nam es o f  the fragm ents chosen indicate the 
primer with which the fragm ent was amplified and the 
size o f  the am plified product is given as subscript). The 
intensity o f  the am plification products and their good
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separation from neighbouring RAPD bands facilitated 
their isolation and cloning.

The selected RAJ>D marker bands from Allernaria 
were excised from the agarose gel using sterile blades 
and purified using GFX-Gel band purification kit (GE 
Healthcare, U’K). The purified fragments were cloned 
usm g the pG C M -T Eazy vector system  (Prom ega 
Corporation, USA). Subsequently, the positive clones 
were selected by blue white screening and confirmed by 
colony PCR using vector directed primers. This was 
followed by sequencing o f the positive clones in both 
forward and reverse orientations. From each sequenccd 
RAPD marker sequence, oligonucleotides to be tested 
as SCAR primers were designed based on the forward 
and reverse sequences. 'Fhe presence o f the RAPD primer 
was chocked at both ends o f the sequences and primers 
were designed consisting mainly o f  the 10 bases o f the 
RAPD prim er com pleted by the following 3 ’ base 
seq u en ce  to  design  a 20-23 m er p rim er w ith an 
approximate Tm value o f 60°C. Primers were custom 
synthesized by M WG Biotech, India (Table 1).

Genomic DXA from two representative isolates 
o f  Allernaria  and Cnrymespora were used as templates 
to o p u m izc  annealing  tem pera tu re . PCR therm al 
programme was as follows; initial denaturation at 94°C 
for 3 min. followed by 35 cycles o f  94°C for 30 sec., 
annealing at 58-62“C for 1 min. depending on the Tm of 
the primers and 72°C for 2 min, with a final extension at 
72°C for 7 min. Each PCR reaction contained 50 ng of 
gen o m ic  DX A tem p la te , 0 .7  un its  o f  Taq DXA 
polymerase, 0.2 mM o f  dX lT , 10 pmol cach o f forward 
and_ reverse SCAR primers, 2.5 }j1 o f  lOx PCR buffer 
with 1.5 iilM MgCl, in a final volume o f  25 p.1. The 
products were visualized and photographed as described 
earlier. The primer-pairs were tested for both sensitivity 
and specificity. To determine sensitivity, serial dilutions 
o f  Xhc Allernaria  genomic DXA were prepared withTE 
(10:0.1) bulTer and added at concentrations o f I to 50 
ng per reaction to check for amplification o f  the fungal 
DXA at its least concentration. To determine specificity.

Tabic 1. Details of SCAR markers developed from the RAPD primers for identification of AUernaria

SCAR  marker 
for the genus

RAPD fragment 
converted to SCAR

SCAR primers Nucleotide sequence 

(5‘ to3 ‘) TmrC)

O PA BIl,^ SCAR-IF GTGCCCAATGGGTGnGTAGC 6i,S

O PA Bll,^ SCAR-IR GTGCGCAATGACGCnAACAGT 60,3

Allernaria OPAl 7̂ ,̂ SCAR-I4h' GACCGCnGTGGAGGGCATG 63,5

OPAl 7 ^ SCAR-I4R GACCGCTTGrrACCTACCCATT 60 3

OPAl 7 ^ SCAR-I5F GACCGCTTGTCAAnAACTGAC 58,4

0PAI7,,,, SCAR-15R GACCGCnGTGGTATGAGCA 59.4



the prim er-pairs w ere tested with the ftingal DNA from 
both the pathogens A llernarta  and Cotynespora.

R esu lts  an d  D iscussion

Two highly variable representative isolates each 
o f  A lternaria  and Corynes/iora  w ere chosen based on 
our earlier studies for the developm ent o f  pathogen- 
specific  SC A R  m arker for A lterm iria . A fter RA PD- 
PCRs. DN A electrophoresis revealed polymorphic bands 
betw een these organism s using nine prim ers namely, 
0 P A 4 ,0 P A 7 , OPA8,OPA 17, 0PA 19, OPA20, OPABl 1. 
0P A C 5 and 0PA F17, Intense, unique bands o f  size 0.5 
to 1.5 kb, specifically  present only in A h cn m ria  were 
selected (Fig. 1) as they were expected to serve as marker. 
Six RA PD  fragm ents 0 P A 1 7 „ ,  0 P A 1 7 ,^ , 0 P A 1 9 ,,^ , 
0 P A B 1 1 |^ ,  0PA C5,J„ and 0 P A F 1 7 |,^  were selected 
for conversion to SC A R m arkers.

stringency  applicable  to SCAR m arkers. They were 
therefore deem ed to be unsuitable for discrimination 
(Fig. 2). However, the additional band could be avoided 
by increasing the annealing tem perature. Finally, two 
SCAR prim er-pairs generating SCAR markers: SCAR! 
and SCAR14, derived  from R A PD s O P A B ll and 

respectively, show ed unique amplicons of 
expected  sizes m atching  perfec tly  w ith the original 
RAPDs from which they were derived (Table 1; Fig. 3). 
These two SCAR m arkers were therefore successfully 
used to detect AU crnana  causing leaf spot disease in 
rubber.
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Fig. 2. SCAR products amplified using the SCAR primers revealing the 
specific amplification of the desired band in Aliernaria (A) isolates 
along Hilh a few minor bands in Corynespora (C) isolates.
M -  Molecular v.cight marlccr (1-DNA Eco RI Hind III double

0PA 17 OPA19 OPAC05 O PA B ll 0PA F17

Fig. 1. Am plification pa tte rns  obtained with RAPD prim ers using 
template DNA from two isolates each of AUernaria (A) and 
Corynespora (C).
Arrow indicates polymorphic band that was cloncd and sequenced 
for the development of Allernaria-specific primer pair 
M: Molecular weight marker (l-DNA Eco Rl •* Hind 111 double 
digest).

U sing the sequence inform ation  o f  the cloned 
specific RA PD s, six pairs o f  putative SCAR prim ers 
w e re  d e s ig n e d  an d  te s te d  for th e ir  s p e c if ic i ty  in 
am plification. Three pairs o f  prim ers produced m ultiple 
bands and did not reveal polym orphism  betw een the two 
fungi. M ultiple bands produced by these prim er-pairs 
c o u ld  be  a tt r ib u te d  to  th e  fac t th a t th e  o r ig in a l  
polym orphism s w ith the  10-base RA PD prim ers were 
due to small m ism atches at the prim ing sites resulting in 
no am plification products at this site, w hereas the longer 
SCAR prim ers (20-23 bases) were not affected by small 
m ism atches at the  prim ing sites. The positional shifts 
observed for these m arkers as com pared to the original 
R A PD  m arkers are  due to the  h ig h er experim ental

M C C  A A C C A A

SCAR I SC A R  14

Fig. 3. Banding pattern o f Aliernaria Isolates showing a distinct and 
reproducible band nnly in Aliernaria (A) and not In Corynespora  
M. Molecular weight maricer (1-DNA Eco RI + Hind III double digest)
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S e n sitiv ity  tes ts  w ith  seria l d ilu tio n s  o f  total 
Aliernaria D N A  proved that the lim it o f  detection {i.e., 
the lowest concentration o f  total genom ic D N A  from 
which the target fragm ent got am plified) was 1 ng in a 
standard PCR reaction  volum e o f  25 (Fig. 4). This 
could  ind ica te  th at th ese  p rim ers w ould  detect the 
pathogen by PCR, even in their early stage o f  symptom 
development. Hence, this PCR test could also be o f  great 
im portance to  ch eck  n u rsery  p lan ts  as a m eans o f  
preventing the spread o f  the  pathogen into disease-free 
areas. Specificity  o f  the SCAR prim ers with genomic

Fig. 4. Limit of detection of the Aliernaria SCAR primers with varying 
concentrations of Aliernaria DNA.
Positive control with Aliernaria DNA alone as well as negative 
conlroi with Corynespora DNA are also shown. Amplifications 
performed directly with the diseased sample also indicated the 
efficiency of the SCAR primer Arrow indicates specific SCAR 

marker.
M: Molecular wcighi marker (1-DNA t o  Rl + Hind 111 double digest)

D N A  from  both  the pathogens also show ed that the 
SCAR m arkers directed the amplification o f  the specific 
fragm ent only in A k e rm r ia .  The prim ers were tested 
against host genom ic D N A  for its interference w ith the 
am plification o f  the fungal DNA. It was observed that 
the SCAR prim ers efficiently am phfied the fimgal DNA 
even in the presence o f  plant DNA. This observation is 
considered to  be significant as the diseased sample can 
d irectly  be used  in the detection  o f  these pathogens 
w ithout e s tab lish ing  pure  cu ltu res o f  the  respective 
pathogen. D ue to the specificity and sensitivity o f  the

primers, they could be useful in the bio-PCR technique 
by speeding up identification o f  plant material infected 
by these pathogens.

The present work proves SCAR marker to be an 
efficient way for identification o f Aliernaria causing leaf 
disease in rubber. The results encourage the application 
o f  this PCR-based identification m ethod in setting up a 
reliable diagnostic assay for their detection from infected 
rubber plantations as early detection is essential for 
controlling the spread o f the pathogen thereby making 
this technique appropriate for diagnostic purposes.
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