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6XEPLWWHG6HSWHPEHU5HYLVHG0D\$FFHSWHG-XQH

$EVWUDFW Infection caused by the necrotrophic fungal
pathogen Macrophomina phaseolina leads to changes in the
JURZWKGHYHORSPHQWDQGPHWDEROLVPLQSODQWV3ODQWVSURGXFH
defense responses as a result of infection. The present study was
designed to evaluate the defense responses in the model plant
Arabidopsis thaliana inoculated with M. phaseolina. Reduction
LQVKRRWOHQJWKURRWOHQJWKSKRWRV\QWKHWLFSLJPHQWVUHODWLYH
ZDWHUFRQWHQW 5:& DQGLQFUHDVHLQVXJDUDQGSUROLQHFRQWHQWV
in leaves were recorded as defense responses in the inoculated
plants. Analysis of gene expression showed that among defense
related genes WKH H[SUHVVLRQ RI PLWRJHQDFWLYDWHG SURWHLQ
kinases and thaumatin proteins increased while chitinase
DQG EHWDJOXFDQDVH VKRZHG OLWWOH LQFUHDVH FRPSDUHG ZLWK
FRQWURO SODQWV ,W LV WKHUHIRUH FRQFOXGHG WKDW defense related
genes along with increased sugar and proline may play a role in
the development of resistance against M. phaseolina.
.H\ZRUGV Arabidopsis thaliana JHQH H[SUHVVLRQ
Macrophomina phaseolinaQHFURWURSKLFIXQJXVSDWKRJHQHVLV
related proteins.

INTRODUCTION
Macrophomina phaseolina is a globally distributed
necrotrophic fungal pathogen which belongs to the class
Deuteromycetes. It can cause infection in more than
 SODQW VSHFLHV RI PRUH WKDQ  IDPLOLHV LQFOXGLQJ
HFRQRPLFDOO\LPSRUWDQWFURSVVXFKDVPDL]HVRUJKXP 6X
et al FRPPRQEHDQ 0D\HN3HUH]et al 
gram (Raguchander et al FRWWRQ $O\et al 
VXQÀRZHU .KDQ DQGJURXQGQXW 6REWL 6KDUPD
  7KH GLVHDVH LV QDPHG DV FKDUFRDO URW URRW URW
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VWHP URW VHHGOLQJ GDPSLQJRII VHHGOLQJ EOLJKW DVK\ RU
stem blight depending on the plant species and the part it
infects. M. phaseolina infects plants at almost all growth
stages. Diseases caused by M. phaseolina become more
severe under high temperature and in dry environments
DQG FDQ VHYHUHO\ UHGXFH WKH \LHOG %DVKLU  0DOLN
 ,WLVYHU\GLI¿FXOWWRFRQWUROWKLVIXQJXVEHFDXVH
it can remain viable in soil and plant debris for many
\HDUVDVVFOHURWLD 6KRUW :\OOLH M. phaseolina
is distributed globally from tropical to subtropical
DQG DULG WR VHPLDULG UHJLRQV RI $VLD $IULFD (XURSH
DQG $PHULFD :UDWKHU et al   'HVSLWH KDYLQJ D
ZLGH JHRJUDSKLFDO GLVWULEXWLRQ DQG EURDG KRVW UDQJH
Macrophomina is a monotypic genus (Purkayastha et al
2006).
Fungal pathogen invasion interferes with several
physiological processes such as reduction in the growth
RI SODQWV DOWHUDWLRQV LQ WRWDO FKORURSK\OO FRQWHQW
(chlorophyll a and b) and reduction in photosynthesis
which consequently decreases biomass (Pazarlar et al
2013). Proline is a kind of protein that confers tolerance
WRSODQWVDJDLQVWSDWKRJHQV 4DPDUet al 
 ,Q UHVSRQVH WR SDWKRJHQ LQIHFWLRQ SODQWV DOVR VWDUW
producing pathogenesis-related (PR) proteins because
they are important weaponry of the whole plant against
the pathogen and have the ability to inhibit fungal growth
(Ebrahim et al   35 SURWHLQV DUH HYROXWLRQDULO\
FRQVHUYHG LQ WKH SODQW NLQJGRP DQG EURDGO\ FODVVL¿HG
into 17 families based on their biochemical functions
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and sequence similarity. These include chitinases (Cletus
et al JOXFDQDVHV 6LQJKet al WKDXPDWLQ
like proteins (Acharya et al   PLWRJHQDFWLYDWHG
protein kinases (Beckers et al   DQG RVPRWLQOLNH
proteins (Subramanyam et al &KLWLQDVHVDUHWKH
enzymes that hydrolyse the main structural components
of the fungus cell wall and release the cell wall elicitors
of defense reactions (Souza et al   Arabidopsis
thaliana KDV DERXW  RSHQ UHDGLQJ IUDPHV WKDW KDYH
chitinase or chitinase-like sequences. The average length
of these chitinases in A. thaliana is 308 amino acids
(Akenaka et al 7KHVHFKLWLQDVHVDOVRKDYHEHHQ
involved in other plant physiological processes such as
JURZWK DQG GHYHORSPHQW SURJUDPPHG FHOO GHDWK DQG
UHVLVWDQFH WR GLIIHUHQW HQYLURQPHQWDO VWUHVVHV *URYHU
  7KHUHIRUH FKLWLQDVHV DUH YHU\ LPSRUWDQW JHQHV
for increasing biotic stress resistance in plants. Another
35 SURWHLQ LV ȕJOXFDQDVH DOVR UHIHUUHG DV 35
ZKLFK K\GURO\VHV ȕOLQNHG JOXFDQV QRQVWDUFK
SRO\VDFFKDULGH  D VWUXFWXUDO FRPSRQHQW RI IXQJDO FHOO
walls. It indirectly releases the elicitors that initiate a
chain of reactions by reducing hydrolysis of fungal cell
walls (Moravcikova et al 
In ArabidopsisDGHIHQVHUHVSRQVHDJDLQVWSDWKRJHQV
also includes the activation of the mitogen-activated
protein kinase (MPK) cascade (Eschen-Lippold et al
2012). Those are mainly involved in the stress responses
and activated by both biotic and abiotic stresses (Alzwiya
0RUULV  Thaumatin-like proteins (TLPs) showed
JUHDW VHTXHQFH KRPRORJ\ ZLWK 35 SURWHLQV WKDW DUH
activated in plants upon fungal infection (Ahmed et
al   7/3V KDYH WKH DELOLW\ WR UXSWXUH WKH IXQJDO
membrane by forming a pore and inhibiting further
VSUHDG 5REHUWV 6HOLWUHQQLNRII ,QA. thaliana
these TLPs showed antifungal activity against Verticillium
alboatrum, V. dahliae and Fusarium oxysporum (Hu
 5HGG\   2VPRWLQ LV DOVR D VWUHVV UHVSRQVLYH
multifunctional basic protein. These proteins show
antifungal activity by permeabilising the fungal plasma
membrane and resulting in dissipation of the membrane
potential of the fungi (Subramanyam et al 
Not much research has been conducted to determine
the effects of M. phaseolina on defense responses of
A. thaliana. The main objective of the current study
was to evaluate the role of physiological parameters
FKORURSK\OO VXJDU SURWHLQ DQG SUROLQH FRQWHQWV  DQG
major defense related genes in the defense response of the
model plant A. thaliana in the presence of M. phaseolina.
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METHODOLOGY
&ROOHFWLRQRIIXQJXV
The strain of fungus (Macrophomina phaseolina) used
in this research project was obtained from the National
$JULFXOWXUDO 5HVHDUFK &RXQFLO 1$5&  ,VODPDEDG
Pakistan.
6\VWHPLFLQRFXODWLRQRIWKHIXQJXV
Preparation of fungal inoculum on Sorghum seeds
6RUJKXP VHHGV ZHUH VWHULOLVHG ZLWK HWKDQRO   
and then washed with distilled water thrice and soaked
overnight in distilled water. Seeds were dried and
autoclaved. The autoclaved seeds (100 g) were placed
LQ HDFK  P/ ÀDVN DQG LQRFXODWHG ZLWK RQH  PP
GLDPHWHU P\FHOLDO GLVN SHU ÀDVN ZLWK WKH KHOS RI D
FRUNERUHU 7KH VHHGV ZHUH PL[HG DQG WKH ÀDVNV ZHUH
placed in an Isotemp Standard Lab Incubator (Thermo
)LVKHU6FLHQWL¿F86$ DW± o&IRUGV)ODVNV
ZHUH VKDNHQ HYHU\ GD\ $IWHU  GV PD[LPXP VSRUH
concentration was obtained and fungal mycelial growth
could be observed with the naked eye. Two grams of
inoculated sorghum seeds were mixed with 1 kg of
peat soil. The seed-inoculated soil was used for sowing
Arabidopsis seeds.
Plant material and growth conditions
Seeds of Col-0 ecotype plants of A. thaliana were
obtained from the National Agricultural Research
CRXQFLO 1$5&  ,VODPDEDG 3DNLVWDQ LQ  6HHGV
were surface sterilised with sodium hypochlorite (NaClO)
IRU  PLQ DQG ZDVKHG ZLWK GLVWLOOHG ZDWHU WKULFH 7KH
seeds were sown in Petri dishes containing half strength
060XUDVKLJHDQG6NRRJPHGLXP 0XUDVKLJH 6NRRJ
 )RUVWUDWL¿FDWLRQWKH3HWULGLVKHVZHUHSODFHGDW
4 °C in darkness for 3 ds and transferred to a controlled
FOLPDWHJUHHQKRXVH ZLWKKOLJKWGDUNF\FOH&
and 200 l mol m-2 s-1 OLJKW LQWHQVLW\ $IWHU  ZNV KDOI
of the young seedlings were transplanted into 600 mL
plastic pots. Three seedlings were transferred to each pot
containing garden peat soil and these plants were used
as the control. The remaining half were transplanted to
the soil containing fungal inoculum. Both control and
treated plants were kept in a greenhouse with the above
mentioned conditions. Plants were irrigated with water
weekly up to saturation of soil.
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Harvesting
Both treated and control plants were harvested four
ZHHNV DIWHU JHUPLQDWLRQ IRU H[SUHVVLRQ SUR¿OLQJ RI
defense related genes. Plants were frozen in liquid
nitrogen immediately after harvest and stored at -80 °C.
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One milliliter of reagent C was shaken for 10 min
and then 0.1 mL of reagent D was added. The mixture
was incubated at room temperature for 30 min. The
DEVRUEDQFH RI HDFK VDPSOH ZDV UHFRUGHG DW  QP
Buffer was used as the blank. Protein contents of leaves
ZHUHGHWHUPLQHGE\WKHIROORZLQJIRUPXOD
k × Absorbance × dilution factor

'HWHUPLQDWLRQ RI SK\VLRORJLFDO DQG ELRFKHPLFDO
SDUDPHWHUV

Protein content =

Sugar content of leaves

Proline content of leaves

By following the procedure described by Dubo et al.
  DQG DPHQGHG E\ -RKQVRQ et al   WRWDO
sugar content of the leaves of treated and control plants
ZHUH PHDVXUHG ,Q WKLV DVVD\  J RI RQH PRQWK ROG
fresh leaves were homogenised by adding 10 mL
RI GLVWLOOHG ZDWHU DQG WKHQ FHQWULIXJHG IRU  PLQ DW
3000 rpm. The supernatant (0.1 mL) was mixed with
P/RISKHQRO  DQGWKHPL[WXUHZDVLQFXEDWHG
at room temperature for 1 h. Concentrated sulphuric acid
(H2SO4) was added to the mixture and incubated at room
temperature for 4 h and the absorbance was measured
at 420 nm in a spectrophotometer (Bio-Tek Instruments
,QF86$ XVLQJZDWHUDVEODQN%\XVLQJWKHVWDQGDUG
FXUYHVXJDUFRQWHQWRIXQNQRZQVDPSOHVZDVFDOFXODWHG
in three replicates.

The procedure of Bates et al. (1973) was used for the
measurement of proline content of the leaves. In this
method fresh leaves of 0.1 – 0.2 g were homogenised with
P/RIVXOIRVDOLF\OLFDFLGXVLQJPRUWDUDQGSHVWOH
7KH PL[WXUH ZDV FHQWULIXJHG IRU  PLQ DW  USP
supernatant (2 mL) was collected and 2 mL of ninhydrin
solution was added. The ninhydrin solution was prepared
E\DGGLQJJRIQLQK\GULQLQWRDPL[WXUHRIP/RI
glacial acetic acid and 20 mL of 6M phosphoric acid. The
mixture was incubated at 100 oC in a water bath for 1 h.
7KHQP/RIWROXHQHZDVDGGHGDQGVKDNHQIRU±V
)URPWKHDTXHRXVSKDVHWROXHQHZDVDVSLUDWHG7ROXHQH
was used as the standard and absorbance was recorded at
QP)URPWKHVWDQGDUGFXUYHSUROLQHFRQFHQWUDWLRQ
of all samples were determined.

Protein content

Chlorophyll content

Leaves were harvested for the determination of protein
content by following the method of Lowry et al  
Protein extraction was done in phosphate buffer. For
WKH SUHSDUDWLRQ RI SKRVSKDWH EXIIHU  J RI GLEDVLF
sodium phosphate was dissolved in 100 mL distilled
water. Monobasic (16 mL) and dibasic (84 mL) sodium
SKRVSKDWHZHUHPL[HGDQGWKHS+ZDVDGMXVWHGWR
)RU SURWHLQ H[WUDFWLRQ  J RI OHDYHV ZDV WDNHQ DQG
homogenised with 1 mL phosphate buffer with the help
of mortar and pestle. The mixture was centrifuged at
3000 rpm for 10 min. The supernatant (0.1 mL) was
taken in a test tube and 0.9 mL distilled water was added
to make a total volume of 1 mL. Other reagents were
SUHSDUHGDVIROORZV
Reagent A: 2 g of sodium carbonate (Na2CO3 JRI
NaOH and 1g of N-K tartarate dissolved in
100 mL of water.
Reagent B: CuSO4+22  J  ZDV GLVVROYHG LQ
100 mL of distilled water.
5HDJHQW& 5HDJHQW$ P/ DQGUHDJHQW% P/ 
were mixed together.
IROLQSKHQROUHDJHQWZDVQDPHGDVUHDJHQW'

Chlorophyll content of leaves was determined by the
method described by Arnon (1949). Fresh leaves (0.3 g)
ZHUHJURXQGXVLQJPRUWDUDQGSHVWOHZLWKP/RI
acetone. The mixture was centrifuged at 3000 rpm for
12 min and the supernatant was collected. The absorbance
RIVXSHUQDWDQWZDVPHDVXUHGDWQP$FHWRQH  
was used as the blank for all measurements. To calculate
PLOOLJUDPV RI FKORURSK\OO SHU JUDP IUHVK ZHLJKW WKH
IROORZLQJIRUPXODGHVFULEHGE\$UQRQ  ZDVXVHG

Journal of the National Science Foundation of Sri Lanka 47(1)

sample weight

Total chlorophyll mgmL-1 $
Shoot and root length
8VLQJDPHDVXULQJWDSHOHQJWKRIWKHIUHVKO\KDUYHVWHG
shoots and roots were measured in three replicates.
Relative water content of leaves
5HODWLYHZDWHUFRQWHQW 5:& RIOHDYHVZDVGHWHUPLQHG
E\IROORZLQJWKHPHWKRGGHVFULEHGE\:HDWKHUO\  
DQGXVLQJWKHIROORZLQJIRUPXOD
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5:&  ):±':  )7±': î
ZKHUH): IUHVKZHLJKW': GU\ZHLJKW)7 IUHVK
turgid weight

00/9 D UHYHUVH WUDQVFULSWDVH ,QYLWURJHQ /LIH
7HFKQRORJLHV ZDVXVHGWRV\QWKHVLVH¿UVWVWUDQGF'1$
according to manufacturer’s instruction. The cDNA was
stored at -20 °C until further use.

51$H[WUDFWLRQTXDQWL¿FDWLRQDQGF'1$V\QWKHVLV

Primer designing, PCR and RT-PCR

In order to study the expression level of six PR genes
7DEOH   51$ ZDV H[WUDFWHG IURP WKH FRQWURO
and inoculated plants. RNA extraction was done
E\ *HQH -(7 SODQW 51$ SXUL¿FDWLRQ NLW 7KHUPR
VFLHQWL¿F 4LDJHQ *HUPDQ\  E\ XVLQJ  J RI IUHVK
leaves. The mRNA concentration was estimated by
spectrophotometer (Bio-Tek Instruments Inc. USA).

Real time PCR (RT-PCR) was performed to check the
expression of six defense related genes. Total cDNA was
XVHGDVDWHPSODWHDQGUHVSHFWLYHJHQHVZHUHDPSOL¿HG
XVLQJVSHFL¿FSULPHUV 7DEOH 3ULPHUVZHUHGHVLJQHG
by using Oligo 6. To standardise cDNA samples of each
3&5DFWLQZDVXVHGDVDQLQWHUQDOFRQWURO

7DEOH 5HDOWLPH3&5SULPHUVHTXHQFHVXVHGIRUDPSOL¿FDWLRQRIGLIIHUHQW35JHQHV

Gene name

Accession No.

Forward primer

Reverse primer

&KLWLQDVH &+ 
%HWDJOXFDQDVH */8 
('5
0LWRJHQDFWLYDWHG
protein kinase 4 (MPK4)
2VPRWLQ 260 
7KDXPDWLQ 7+ 
$FWLQ $&7 

10B
10B
10B
10B

&&$$$$&**$$$&*$$**7$ 
$$&$7*$$*&&7**$&&$$& 
$$7&**$77&$&*777&7*& 
*&$7**777*$*&7*$7*$$ 

$$&&77*$7*&&$&*$*$&7 
*77$&&&*7*$&7**&7*$7 
*&7&**$7&7*$7*&77&7& 
7****$77&777*$7&77&* 






10B
10B
10B

$&**7&$***$7&$7*7$*& 
7&&$$77&$$7**&7&77&& 
7*&&$$7&7$&*$***777& 

&$&&&7&$&$&$&$&$&$&$ 
&$*$$7&77&&7&&&&$7*$ 
77&7&*$7**$$*$*&7**7 





5HDOWLPH3&5DQDO\VLV
Applied Biosystems 7300 real-time PCR system
7KHUPR)LVKHU6FLHQWL¿F®86$ ZDVXVHGWRSHUIRUP
TXDQWLWDWLYHUHDOWLPH3&5)RUT3&5ORIF'1$DQG
/RI6<%5*UHHQ3&50DVWHU0L[ 7KHUPR)LVKHU
6FLHQWL¿F86$ ZDVXVHGIRUWKHUPDOF\FOLQJZLWKWKH
IROORZLQJ FRQGLWLRQV LQLWLDO GHQDWXUDWLRQ DW  & IRU
PLQF\FOHVRI&IRUV&IRUVDQG
&IRUVDQG¿QDOH[WHQVLRQDW&IRUPLQ
Actin was used as housekeeping gene (Pathan et al
2017). This experiment was repeated thrice.
6WDWLVWLFDODQDO\VLV
The experiment was carried out with three replicates
unless otherwise stated (represented with n value). The
data were subjected to one-way analysis of variance
$129$  XVLQJ 67$7,67,&$ YHUVLRQ  D  DW 
OHYHORIVLJQL¿FDQFH
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Product
size (bp)

RESULTS AND DISCUSSION
3ODQWVDUHVHVVLOHRUJDQLVPVWKHUHIRUHWKH\KDYHHYROYHG
self-defense systems to protect themselves against
different environmental stresses. Interactions between
plants and fungal pathogens involve alterations in
physiological and biochemical parameters as well as
induction of genes that confer resistance to plants.
*URZWKSDUDPHWHUV
:KHQ SDWKRJHQV LQIHFW D SODQW WKH\ LQWHUIHUH ZLWK
physiological functions of the plant that result in the
appearance of different symptoms (Pazarlar et al 
In this study infection of M. phaseolina resulted in
VLJQL¿FDQW UHGXFWLRQ LQ WKH JURZWK SDUDPHWHUV VXFK DV
VKRRW OHQJWK URRW OHQJWK DQG UHODWLYH ZDWHU FRQWHQW LQ
A. thaliana. Infected plants showed deleterious effects on
the overall growth of the plants (Table 2) as indicated by
Eastburn et al. (2011).
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7DEOH Effect of inoculation of M. phaseolina RQ VKRRW OHQJWK URRW OHQJWK UHODWLYH ZDWHU FRQWHQW DQG
chlorophyll content of 4-week-old seedlings of A. thalianaVHHGOLQJV9DOXHVUHSUHVHQWPHDQ6(0
RIUHSOLFDWHV0HDQVVKDULQJGLIIHUHQWOHWWHUVLQDFROXPQDUHVLJQL¿FDQWDWS

Treatments


Shoot length
P

Root length
P

Relative water content


Chlorophyll content
PJJIUHVKPDWWHU

Control
,QRFXODWHG

18.2a
b

a
b

a
b

a
ab

6XJDUFRQWHQW
Pathogen infection is one of the drastic environmental
VWUHVVHV WKDW SODQWV IDFH $V D UHVXOW RI WKLV VWUHVV D
series of reactions activate to enhance the defense.
7R DFFRPSOLVK WKHVH GHIHQVH UHVSRQVHV HQHUJ\ LV
required due to up- and down-regulation of several
genes from multiple defense pathways (Scheideler
et al   (QHUJ\ FDQ EH GHULYHG IURP GLIIHUHQW
PHWDEROLF DFWLYLWLHV LH E\ LQFUHDVLQJ WKH UHVSLUDWRU\
PHWDEROLVP,QPDQ\SODQWVSHFLHVVXFURVHLVWKHPDLQ
transport sugar. In A. thaliana tolerance to biotic stress
is strongly enhanced by the accumulation of sucrose
9HUVOXHV 6KDUPD 7KHUHVXOWVRIWKHSUHVHQW
VWXG\ZHUHFRQVLVWHQWZLWKWKH¿QGLQJVWKDWWRWDOVXJDU
contents were higher in inoculated seedlings compared
WRWKHFRQWURO 0RUNXQDV 5DWDMF]DN +RZHYHU
WKH LQFUHDVH ZDV QRW VWDWLVWLFDOO\ VLJQL¿FDQW 7DEOH  

Increased sugar content is one of the adaptive strategies
of plants for the maintenance of structure and functions
GXULQJELRWLFVWUHVV +LUDED\DVKL 
3URWHLQDQGSUROLQHFRQWHQW
The results presented in Table 3 show that Arabidopsis
plants subjected to M. phaseolina infection have
increased the protein and proline contents in leaves as
compared to the control. Protein content of inoculated
OHDYHVVKRZHGLQFUHDVHDVFRPSDUHGWRWKHFRQWURO
Inoculated Arabidopsis OHDYHV KDG   LQFUHDVH LQ
SUROLQHFRQWHQWWKDQWKDWRIWKHFRQWURO 7DEOH :KHQ
higher plants are under stress they accumulate greater
amounts of proline (Pazarlar et al  $V D UHVXOW
reactive oxygen species (ROS) are produced causing
programmed cell death around the point of infection and
WHUPLQDWHWKHGLVHDVHSURJUHVV 4DPDUet al 

7DEOH Effect of inoculation of M. phaseolina RQVXJDUFRQWHQWSURWHLQFRQWHQWDQGSUROLQH
content of leaves of 4-week-old seedlings of A. thaliana. Values represent mean
 6(0 RI  UHSOLFDWHV 0HDQV VKDULQJ GLIIHUHQW OHWWHUV LQ D URZ RU LQ D FROXPQ DUH
VLJQL¿FDQWDWS

Treatments

Sugar content
(µg/g fresh weight)

Protein content
(µg/g fresh weight)

Proline content
(µg/g fresh weight)

Control
,QRFXODWHG

121a
ab

a
b

a
b

&KORURSK\OOFRQWHQW

*HQHH[SUHVVLRQ

Fungal infection damages the ultra-structure of
chloroplasts that affect chlorophyll pigments a and b
and hence reduces the rate of photosynthesis (Lobato
et al   7KH UHVXOWV VXJJHVW WKDW SODQWV VXEMHFWHG
to M. phaseolinaLQIHFWLRQH[KLELWHGVLJQL¿FDQWO\ORZHU
chlorophyll content as compared to the control (Table 2).

Chitinase is a hydrolytic enzyme that belongs to the
parthenogenesis-related (PR) protein family and plays
a crucial role in defense against biotic stress. During
LQIHFWLRQ FKLWLQDVH HQ]\PH GHJUDGHV WKH FKLWLQV LQ WKH
cell walls of fungi and inhibits the growth of the pathogen
(Sela-Buurlage et al-D\DUDM 3XQMD ,Q
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the present investigation transcript level of chitinase
gene was up-regulated as a response to M. phaseolina
infection (Figure 1). Grover (2012) and Cletus et al.

(2013) also reported the up-regulation of chitinase
gene in plants as a defense mechanism under fungal
infection.

7DEOH $QDO\VLVRIYDULDQFH $129$ RIVKRRWOHQJWKURRWOHQJWKUHODWLYHZDWHUFRQWHQWFKORURSK\OOFRQWHQWVXJDUFRQWHQWSURWHLQFRQWHQW

and proline content of 4-week-old seedlings of A. thaliana inoculated with M. phaseolina

Source

Shoot length

dƌĞĂƚŵĞŶƚ 7UHDWPHQW
ϭϴϭϭ͘ϯΎΎΎ

Relative water
content


 ϭϵϱϰ͘ϮϵΎΎΎ
 ϯϳϯϳ͘ϯϵΎΎΎ



ϭϯϬϵ͘ϲϰΎΎΎ
ϴϵϵ͘ϬϭŶƐ
   VLJQLILFDQW




Root length

 VLJQL¿FDQW S 

 

 KLJKO\VLJQLILFDQW


QV
ϭϰϵϳ͘ϱΎΎΎ  Ϯϯϲϳ͘ϱΎΎΎ

Protein content
(µg/g fresh
weight)




Proline content
(µg/g fresh
weight)


 KLJKO\VLJQL¿FDQW S )YDOXHVDUHJLYHQQV QRWVLJQL¿FDQW

because the cell wall of an organism is the protective
barrier against infection mechanisms and survival of the
organism depends on its integrity (Moravcikova et al
2016).

ŽŶƚƌŽů

ϭ͘ϴ

Sugar content
(µg/g fresh
weight)

 )YDOXHVDUHJLYHQ

 VLJQL¿FDQW S 

Ϯ

Chlorophyll
content

/ŶŽĐƵůĂƚĞĚ

ϭ͘ϲ
ϭ͘ϰ
ϭ͘Ϯ
ϭ
Ϭ͘ϴ
Ϭ͘ϲ
Ϭ͘ϰ
Ϭ͘Ϯ
Ϭ

,

'>h

Zϭ

DW<ϰ

K^D

d,

)LJXUH Relative expression of PR gene transcripts in A. thaliana
plants infected by M. phaseolina and non-infected control
plants. The data was obtained from real-time RT-PCR
DQDO\VLV %DUV UHSUHVHQW PHDQV  VWDQGDUG GHYLDWLRQV RI
¿YH UHSOLFDWLRQV $EEUHYLDWLRQV &+ FKLWLQDVH */8
EHWDJOXFDQDVH ('5 HQKDQFHG GLVHDVH UHVLVWDQFH 
03.0LWRJHQDFWLYDWHGSURWHLQNLQDVH 260RVPRWLQ

TH: thaumatin

ȕJOXFDQDVH LV D ZHOONQRZQ SDWKRJHQHVLVUHODWHG
protein and induction of this protein is mostly associated
with the induction of chitinase during biotic stresses
(Liu et al   ,Q WKH SUHVHQW VWXG\ H[SUHVVLRQ RI
ȕJOXFDQDVH ZDV KLJKO\ VWLPXODWHG LQ Arabidopsis
after inoculation with M. phaseolina compared to uninoculated controls (Figure 1). This suggests that the up
-regulation of this gene may play an important role in
SODQWGHIHQVHȕJOXFDQDVHFDQGHJUDGHWKHFHOOZDOO
of the pathogen or release the oligosaccharide elicitors to
induce defense reactions and both of these mechanisms
are very effective against fungal infections. Therefore
ȕJOXFDQDVHSOD\DQLPSRUWDQWUROHLQSODQWGHIHQVH
March 2019

Treatment of plants with microorganisms leads to
changes in the phosphorylation of proteins. Among
SURWHLQ NLQDVHV WKH 03. IDPLO\ LV YHU\ LPSRUWDQW
and MPKs have been associated with various stress
UHVSRQVHV HVSHFLDOO\ LQ SDWKRJHQHVLV 7KH SUHVHQW
study showed that in A. thaliana, MPK4 was activated
in the plants infected by M. phaseolina. The strong upregulation of this gene in the infected plants enhanced
the resistance in Arabidopsis against the fungal infection
(Beckers et al 
Osmotin is an antifungal protein that has a broad
spectrum of antifungal activities. It recognises the target
site by interaction with the pathogen cell surface that has
ƌϮϭ
glycoproteins
or phosphomannan components that either
enhance or reduce the fungal activity (Subramanyam
et al ,QWKHSUHVHQWVWXG\WKHH[SUHVVLRQOHYHORI
osmotin and enhanced disease resistance 1 (EDR1) was
down-regulated in the inoculated plants as compared to
normal plants although this down-regulation was not
VLJQL¿FDQW )LJXUH   6LPLODU UHVXOWV ZHUH UHSRUWHG E\
Parkhi et al. (2009).
Thaumatin proteins also have a contributory role in
increasing the tolerance against both biotic and abiotic
stresses (El-kereamy et al ,QWKLVVWXG\LQRFXODWHG
plants showed resistance to M. phaseolina infection
due to high induction of thaumatin. This gene was upregulated almost double as compared to un-inoculated
control plants (Figure 1). Similar results were presented
by Hu and Reddy (1997) and Ahmed et al. (2013).
Journal of the National Science Foundation of Sri Lanka 47(1)
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CONCLUSION
Arabidospsis thaliana was found susceptible and
responded to the infection of Macrophomina phaseolina
by stimulating the accumulation of different defense
UHODWHG FRPSRXQGV OLNH VXJDU SUROLQH FKORURSK\OO DQG
WRWDO SURWHLQ LQ WKH FHOO$PRQJ GHIHQVH UHODWHG JHQHV
the expression of MPK4 and thaumatin was the highest.
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