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A wide range of biotic and abiotic stresses adversely affect plant growth and productivity
worldwide. The study of individual genes cannot consider as an effective approach for
understanding of tolerance mechanisms since these stresses frequently often in
combination and a large number of genes involved in these mechanisms. The availability
of high-throughput genomic data has enabled the discovery of the role of transcription
factors in regulatory networks. A meta-analysis of biotic and abiotic stress responses was
performed by analyzing a total of 391 microarray samples from 23 different experiments
and 2336 differentially expressed genes involved in multiple stresses were identified. We
identified 1862 genes differentially regulated in response to biotic stress was much greater
than that regulated by abiotic stresses, 835 genes, and found 15.4% or 361 differentially
expressed genes with conserved expression between abiotic and biotic stresses. The
greatest percent of genes related to cellular process (>76% genes), metabolic process
(>76% genes) and response to stimulus (>50%). About 4.2% of genes involved in biotic
and abiotic stress responses belonged to the transcription factor families. We identified
several genes which encode transcription factors that play an important role in abiotic and
biotic stress responses. These proteins included JERF1, SIGRAS6, MYB48, SIERF4, EIL2,
protein LHY, SIERF1, WRKY 26, bZIP transcription factor, ICE1-like, pti6, EIL3 and WRKY 11.
Six of these proteins, JERF1, MYB48, protein LHY, EIL3, EIL2 and WRKY 26 play a central
role in these mechanisms. This research promoted a new approach to clarify the
expression profiles of various genes under different conditions in plants, detected common
genes from differentially regulated in response to these conditions and introduced them as
candidate genes for improving plant tolerance through genetic engineering approach.

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)



PeerJ Manuscript to be reviewed

L "# $ % $ % &

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


mailto:alemzadeh@shirazu.ac.ir

/ $
/ 7/ $
$
$ $
$
1 3
/ .5
/ $
748 14 3 $
$ $
9:;48% <
$
$ 7

9:7=8«. +.

L >? %)> %4 @H+6 %

A*@ % >? 5> @ 4 B("
, >?  @#+6 A*@ (Al

/

$ % $ $

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)

(v

(A

4 (Al

5> @ 4

$ $
$ /
$ 12
3 $
$
617 $
/
9:;48 $ <
8 $
.5
>?+ (A
5> @ .%3
$ S



PeerJ Manuscript to be reviewed

$ / $ $
$ 7/ / 7/ 9 <
/ $ 9 U< $
9 $ $
$ 3 < 9
$ 8 9 $ / <9
< 3
$ $ 8
/ ' /
9 ! #
$%" <. ?
$ / $ 8 /
$ $ /
9 ?<9& < ? /
$ 3 $
9 ! ! " <
# $
$ / / /7 7/ 9 < (
>C%
$ / $ 3 $ $ $
$ $ ?
$ $ $ 9 1! <

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)



Peer]

# $ 3 $ / /
$ 9& () * + , " -"
& #. "/ <. > $ /
> 0 $
$ 3 ) 9&
+ <
$ 3 / $
%0 " 1 " 23
+<, / ' $ $ $ $
/ /
/ $ ( /
/ $ 3
$ 3 -
%90 " 1
$ 1 3 0 $ $
3 $ 4 5 / $
4% $ 96 < (
D +=7 % /7 $
3 /
4 5 9 <
$3 3
$ / $ ? 3 /
$ $ $ /7
4 5 / # $
/ / $ $

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)

O



9 23 784"

$ 9 )«
/
9 23 784" " <,
9 #5 * <
$
9&" 55
( /
$ 9
/ D)
/
C $
3
*C %
(
$ 3
< 3

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)

$ DC<

Manuscript to be reviewed

7 3
$ $
$
$ %
/ 3 (
K
$ $ 3
D <. $
)
$
$
/ / 3
.5
$
9 3 )
/



Peer]

7 3 . 3 / 3 #(
9 tR///. . . F 3 K.
3 / -
/ / $ > "% 9> < $
0 / > %
% o H#%S ), )
/ 3 2> 78« $ 7 )
-/ 9, 5" v < /
" / E? 6 39y " o<+
<< < ? 6 $ "
) / 0
/ $ / $ 9
< " " D 0 $
$ $ 3 3
) ( / / 9
/ / )
$ < D
9, A 0" <
$ / (
/ / $ |
( ' T F$ F F 3 $¢
? ? #9_ ffF F*1.=K
6+7 $ / $ ? "ot

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


https://www.ebi.ac.uk/arrayexpress/

$ 8 / J 6 $
o $ FF K/ ) .)
C $ 9DC ) 9 $ 3 </
$ $ )C 9(C <.
'

% > ¢ ( $ ) h>() ==
__H///. / . F_$2= . $$ L <
9 1 *# < / $ /
$ ) $

: K
3 1#( ) 3 C 9 C< 3
3 $ $
$ $ / $ $ /
)] D) $ ) > C %
3 $ g 1 x4 <% >()
$ =+ =2
$
# $
% % & &
$ 1 3 /
$ 12 $ 1 %
$ E $ $
F 3 16 #% . $

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


http://www.mybiosoftware.com/string-9-0-search-tool-retrieval-interacting-genesproteins.html

Peer]

v/ $ </ 9 %< 5 64 $
$ / $
617 $ / ) 9?7 ><L == ? 6 9
% %1. S5 $ 7+8 14 ) / " 3 / % #%
?2 6 $ 3 $ $ 8
/ $ / / $ 9?7%. <9 %7<. & $
3" +$ $
=$ $ / 5 §
=28 D) %A %. 122. A %.1242. </ - 3 / %
#% 3" 9? $. <9 % %< ? 6 3" /
' $ $
) %0 " 1 " . <. C
/ / D) $ %
$ ? G
9; " < / 7/
$ ) $? 6
S) 14 ) % #% D ) C $
9HC< / 3 .)C
D / ) $ T $
$ $ $ $ o
9:;48 % < 9:;48 $ < 9:7=8<. C
/ $ 3 o 9 $ 978«

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)



Peer]

97$. <9 %<, $ )C /
92 >t 6 1;< % 9?7 >E2. P2
9?7 >t . 6< /
9? >f;6 1% 9?2 >f 6 1< $
9?7 >t2. < / 9? >E1+ +=
9?7 >E2+ A& 9?7 >E2+ 4 %
$ D %  HO 7 9 %;<.
1
/ $% >( ) == $ ) %
#% 9?7 $. 1< 9 %;<.? 3 % = $=2=62=. . 9-=f
- <% o =+$=+217=. . 9, E
< Y% =;$=7 +6=. . 9JACHT++ ;4 7 C $
$ $ 7/ $ $< % =;$=+271=. . 9 ,>E " °
% A <% = $=2241=. . 9?07 ¢
/ / $ /7 9
<%  =7$=77 1=.. 9 " Ot < % $=2617=. .
9" E H /"
r / (? (? X<
% =%62= . 9,70¢ $ $ $ $ <
%  =4%$=6 4==. . 9%$6, E ' $ '
< % = $=24+6=. . IJACI7+147;t 3
' $ $ P 2F "2
<%  =;$=+;67=. . 9, 6F ' 3
$ <

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)



Peer]

% % &
( ?
3 / /
? # 6+793 $ ?2 7/
' $ 3
64 $
21 % 978¢< ? 9?78 1«9 Y%2<.
$ 96% < 1>2 > ) At (
@ ##0@ ’ / $
? 617 $
91.;8« ? 9?78 #<9 % =< >?
$ 7% < >? #H#>#"1 )> K ?
$ 9 $ <9
% ? $ $ 7/
/ $ ' $
$ .

9, >? "4 % >? % >?+ %)> %4  @#+6

5> @ 4 (1 B(" <
$ $ . # ?
/ $
/ $
91
+ 3 # . 9 :AB
. & 1 3

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)

9

>?

@

<.

%

%

LLRY S

JCB

/

A*@

#% 9

%All

(A

$
76
%6<. #
? 6
$
A (2
$ <9
1
$
/
(Al 5> @
$
$
6 A2/



Peer]

+<, / / -
9? $. 1< / /7 J $
? / / 1/ 6 6= ? / 0
9?8 K
o -
>? 9 - < / $
c" 3 >? $
4 5 /
/ $ 9 < F >?
$ 9 <. C / + 1
/ % #Hh / $ >7? $, >?
b >?+ % >? 49 <,
, >? > ?
/ .
9- - 9 - < ( / 3
/= / , 9 # <
/= $ / 9
<.C" 3 /= $
$ / $ $ $ 3
/ S $ 9">< $
$ > FI> yrr 3 * 9; 9 - <
3 $ /= 3 yrr 3 $$ ,7C+
"4 41 C( " 0
/ 9- " : K /= $ 3

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)



Peer]

$
3
$ <7/
#
$ 9- " <., >7?
$ $ / 9 " < (
M (((
% >7+
< % >?+
9% % 1 $ <9 <"
. 3=
3 / $
/ 3 D
- " 0 /
91 , | #
$
/ "3 % =
$ - x 5 * "
%)> %4/
)> %
%)> %4 0
# " " N /
' $ $
<9 <

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)

4

<9

6 #

*

93 #

ll> $

<9

93 #

>?


http://onlinelibrary.wiley.com/doi/10.1111/nph.12918/full#nph12918-bib-0020
http://onlinelibrary.wiley.com/doi/10.1111/nph.12918/full#nph12918-bib-0020

Peer]

O O~
@# $ 2 ' $ 7/ .
#% %9> = 1 7" E"
D ( < @# $ - -
$ > >1 $ 5 >3:6 D2 3 / @#
$ $$ (
3 / $ # *C ")
/ $ 9? <(/
"3 >3:6D2 $ 3 )
$ 6 6 ( 6 ., = $ 97 "
<9 <. A*@ 9A AC ) *@"CIC @A<
$ / $ 3
.6 > 9 > 3 $
$ 91 " # , F + 3 +<. (/
A*@ 3 $ # " $ $
97 < 3 ,6 9 <.
#$
( / 3 =0 = 7/
$ / 9 <
( $ 0 $ - 5
# *# 96 A27 <9 <,
+ )

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)



Peer]

/ 5> @
$ 7/
$ .
8
/ < / 1 ; &:
% #% $ 5> @ 9 < (
, <(/ >: & .o
9; < (/ / 4 5
/
9 <. (
$ $75 7 %
5 3 0 $ 5> @
H-* " &SP
0,= 9 1#? 3 < @
9, # < (1
/ $ 9, #
<9 < ( 4 5  x /
/ 0,= 3 4 5
9 # <. ?
$ $ 0,=
( =6 6,6 $ 3 9 " <9

&/ 0

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)

#% %97

3 39 *A*
,6 6( =6

7 " +



Peer]

9 B("< $
$ 7/ $ $
$ $ $
/ $ 3 9 +<. 5> @
9 B("< Q# $
g = 1< < B( 0%
/ / 4-9" >
97 << ( / 4-¢° >
7 0 4-4* % 97
<,
<
$
$ ) $
$ $ / $
$ 7/ 3 A*@ /
# 5 * 4 $ $
/ E "5 * * 5 1#" H. /
? / / > %4,
? (1 A*@ @#+6
$ / Q#+6 / $ Q#+6
/ $ 3 92 $. 7<. (
@# $ /

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)

$

/

$

B("
7

$
7 $
/
D> %4



Peer]

$ / $ ) #% %
> = 4 O#
4 5 / $ $
9> = 4 / @#+6 @#
/ 9?2 $. 1< (
@#+6 ? 550 5> @4 A*@ / ) 4
/ / 9?2 $. 7<. / 4 5> 0 /
1 4 / 1 N O 4
$ 5> @ $ 9= * o<
/ 1 4 « - 9
<93 +<. ( 5> @ *
$ (7 / 3 $ $ /
/ ; &21°$ "3 1 4 9* X,
/ A*@ 3 1 4 0 *
o#5 " 9?2 $. 7< $$
/ 9?2 $. 1<
$$ '
9 X,
$
/ / / 7/ D
$ / $ 3 / $
/ S D ' ' /
/

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


https://en.wikipedia.org/wiki/Giardia_lamblia
https://en.wikipedia.org/wiki/Giardia_lamblia

PeerJ Manuscript to be reviewed

/ $ $
.5 64 617
$ $ 14
$ / /
) $ 3 / $ 3
/ $ / /
78 $ $ 2. $ 3 $ $
, >?7 )> %W @#6 % >?+ (A A*@ % >? 5> @ 4 B("
(1 4 (A1 5> @
$ 3 ? $
$ ? $ $
%6 A27 + IAB <
+< $$ /
$ /
$ $ $ $
< 3
$ o<
$ H 1< $
$
H"H # #

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)



PeerJ Manuscript to be reviewed

"y WYy 0" # % Dd#E# J 2?2 A =1" B
' $ E /.0 " /" 3 *
* v 446 7 6 C( =112=F)  +=+36 7.
* . ==;. $
. " e * # 49 < 17 +; C( . $F =77 F $ .+
17.
, A 1L &7 " . =1 ( $ "
Lt T # 49<E =6+ C(
= =+F . 1. 1;.
# A % > =, 1 - 3 *@A
> %"'C % ? 1 C> " $.0
=t/ " 2911 C( = =+4M. 1471 13. = = 2 3.
# P* $C #x | 11 QC# 1, P > AQ
@"0 . ==7. (A $ 0
$ .3 23 4 0t * "M 20+<E122 +=4
C( B . $F= =2+ " ( 2=122
# P* $C # 11 QC# ', P >AQ) @
)L =4 (A $ 0
$ .3 * 23 4 0t * " 29122 +=4  C(
= =2+ " ( 2=122.
| @ $@* ==1 . 63,
6 " * 0 <E+=6 C( = 64F +; =7 +=6.
1 ) % > ? "> R I )#. ==1.
"+ $ 3 " 13 )11
3 .o = ", H79 <1=117= C( . $ = =7F .= ;7;+
1 OSAL A * 4 $H1. =1, $
3 E $ .63,
6 " * 40 <146 C(_=. 64F +: =7 + 146.
1 JC Y A H#* * $M $ 7/ B , . =1 (1 E
$ $ i
(. 5 " 96E=+1T7+ C( = =F .=;;7-1
1 A% $@QA%B $AB 1 @ = 5> @
.6 * * 6 5#* * 166 121 " #3* "
6 29<¢ =6 C( = = 4f) $ = =9 ==

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


https://doi.org/10.1186/1471-2105-14-368
https://doi.org/10.1186/1471-2105-11-408
https://doi.org/10.1094/MPMI-19-0399
https://doi.org/10.5511/plantbiotechnolo
http://dx.doi.org/10.3390/ijms14047815

PeerJ Manuscript to be reviewed

? %@ $%* $>@ *7? $M =4C" 3 $
$ N A 3 * * "k 69 <k
C(_=.112=F0D = === .
B B MAS$@B $B% B. == $ )CE )C $
.C* * = * 169 S <&54+ ;= C(_=.=21F F$ 01 =
$ % (. ==;. / 5> @ $ $.
, B T # =0+<144 ; C( = =40. . ==;=t= =,
? $*A $MB $%5 $,>1 % $TS. = 1. - @t
I % (1
$ P # " 6 * # ;181=2 = C( _=_= 4f.
= 1.=2.= +.
? > 0 22.% / LA EC " # .
?0 ?2) @ @ ? e@ $ % %
==4. 1 / E 4
" $ $ $ 7/ C ">pmtormr "6 # 29+<E+14 +
C( = = 4. ==4=7=+
) , % 1 1 R =71 $
" TR R AM+6 C(_=1162F . = 7.==446.
) QT 5 11 - A @ @ $'"* M* @ d#H. = .
"y "7 "4 - / 3
O +04+<E6 ;1 C( = =7F .===;2+.
* $ , >5 5 %, > > %> 1 . ==1. %
$ # - - # 3 $ .0
=t/ " 791+ + 6 C( = . 147 1 1IM. ==;.=1=74.3.
* $% ) @A ," $M M? B! %A @ = .) /
5> @ " #* 5 * 3 * 1" * o1 %
6;94<E+27 7 1 C(_=. ==:F==+16= =424 4.
* $MH B $TB ?M5 $ B $T $ A J* =T7.10,=
LI P $ w $
$7/ $ 3 A =H5 "6 "#449 <1 72 ;+ C(
=, =21f03 F " 16.
* > ? % % * ,. ==2. %
6 "# =40<& ; C(_=.=21F F =64.
) % 5 $ #. = 1.M ((( M
% >?+ $ $ 7 .,
7 3* 4 19<¢ +17+ C(_=_= 4n. .= 1= .==4.

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


https://doi.org/10.1016/j.chom.2013.01.006
https://dx.doi.org/10.1093%2Faob%2Fmcp086
https://doi.org/10.1093/jxb/erv138
https://doi.org/10.1007/s00438-012-0696-6
https://dx.doi.org/10.3389%2Ffpls.2015.00648
https://doi.org/10.1016/j.plaphy.2013.09.014
https://doi.org/10.1016/j.plaphy.2013.09.014
https://doi.org/10.1093/nar/gkq310
http://dx.doi.org/10.3390/ijms18010002

PeerJ Manuscript to be reviewed

1y % J 5 13 > A D # @ =4>
$ L ]
A =H5 "6 "#4;9 ;<7 21 C(_=.=21f3 F / 67.
" Us % ==7. C $ $ 3 E
6 " * 9 6<E176; 27 C( _=. =21F F
747.
% # A % o=+ % VvV $% /
- ., b5 . ottt * T9IE 672 C( o= ==F $.121.
A%? TI1 A* $5@ . = . 5> @7 5> @ 4
5> @11 Lo 1194< 1; 7 C(
=, ==;F==+ 7= 1;7 .
A #A @ , * = . 5> @% $
6 * * " 6 5 # * * "ok "
+ ;01<4; 4 C( = = 4. .= =2, =
A ? ?B $*4% $?2 =7 / B("
9% A< 63, 1" * 49 <«;;
(_=._64F 64+=7 22=4.
A # A @Qw A B. =7. 5; &: "# 5 " "
$ $ " 3%
3 $ L 0 o> "

19 <4; 6 C( ==1. 12F +==7=67

A #C $BB $@AM* $@* $AA %B $*A % $?. =+
1 % %> - $ $
$ - $ - >" 29;<E = =4; C(
= 1: B . = = =4;.
A %M / % 1 C$ % .o==2. 1(>1! ( 1AC!
%%C 1 ( A AC ) *@"CIC @A $
LR T # 7=9 <61+ +1 C( = =+ . =6. 11 ;
$ % # % YH % ). ==4. - /
)> %S .3 -
" # ;94721 4=+ C( = F,. 14+ 1;=1. ==4.==14+ M.
C % " % * >, ==1. $ $ 7/
A =H5 "6 "#749121<E ;=2 C(_=. =213 F $1=+.
" @, v 1t Q@ % 1* ==2 " 5> 0 "t
- / $ D) VA 6 * #
649 ;<t ;2;766 C( = =;+0 . =2= =+;.

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


https://doi.org/10.1093/jxb/erg304
https://doi.org/10.1371/journal.pone.0102067
https://doi.org/10.1186/s12864-015-1990-6
https://doi.org/10.1093/bioinformatics/bti565
https://doi.org/10.1093/bioinformatics/bti565
https://doi.org/10.1093/jxb/erw285

Manuscript to be reviewed

' J * M$ > %. =4.) $ 3 $
> 0 ' / %> F1I 1 * ok
5 48 ;= C( =. =16F ;=
> $ A = . # > ) 9l [
> % "/ " , D * " T94+<E1;7 61.
> $ A = / $
$"H#E " D) 9 A Y A
+9;<E1;; 61.
> % 5 cCe@e 5" $ ) ,. =4
$ / O " /Tt BT
746 74= C( =. F D1 +
> > # > > D 1 ==
E - $ 3 - / $
L, * 49 T<E++ 5 11,
> % =42 @# $
$ " "o 6 9 < i1 C(
=, =6=F 7721+ =7. i1
% B = 4, ( ] WpAW
$ *M *M *M .
> 291t =7
% ( , D ?0D C @ 0 D
% % == $ 3 ;=== $
$ $ $ $ .0 ="
/" 191<E ;22 C( = =+4H. 1471 1IM. == = 172.3.
% ", =T % > %% $ O I
=9+<t 1= ; C(_=._= 4f. .= 1= ==,
% A *X % " $B. =7 ( ) $ " $
$ 63, " " 6 # TE C(
EFF $F = 64F 6;==7=+214
% > > 5 =+ $ $
$ R $
LT # 449 <46 27 C( = =+ . 1. 764 .
% > % & % > $ % ==
$ $ >7? $ $ -
.3 * " o " A" * 6+ME+T77 ;7 C( = ==;F ==+16
= ==76=

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


https://doi.org/10.1186/s12870-015-0493-6
https://doi.org/10.1016/j.tplants.2015.01.001
http://dx.doi.org/10.1080/15592324.2015.1117723

Manuscript to be reviewed

% > J / % > "o =1.> ' $
$ .3 * "4 & T7=4= C(_=.=21F F +3.
% $1 $HI =+ * $ $
o "™ 55 * 69 <E;;; 6==.
% ? 5 % ? * * 1 , % -
> % " D K
/ $ - .C* * % * 419 <& ++; 7 C(
= =21F F$ ==1.
$DH! ) ? 09 o= 01 ' "/
. C* * * * +=02<E1;67 22 C(
= =21F F$  47.
Jd %J $ #5 J > # J DI , >)
1J A Al 1. ==6. @#; 0 $ 8
T
+491<¢ 21 1=+ C( =. =+F . =;. 16 2.
5 3$SMA @% $1 % $H L. = . $ $ /
$° D $ ES
D ' .63,6 " * 17 C( EFF . $F = 64F +; =7
17 .
5 #. 27 . $ "o * 6 "
+691<E 74K6.
5 A) B, 5 $** A, =T 5> @
$ .(CC * 9 <2 4.
5 A1 M> *B $BB $*5 $,5 $MI * §> ==; >?
, >? 3 $

49+<6 7 7 C(
=. ::;F =+ 7 == =7 6 2.

5 M % @ % ( @ . ==2. $
$ $ ° 3 $C5>0 *op =
-, 5 69 <€ 1= C( = ==;F == 22 ==6=4 + 3.
M $*A,A " , B @) MA@B $=* ,AB. =+C" 3
C @#+6 - @# $
" S 21221 C(_=1: 0 . ==2 2 1.
@PY 1p % C % # I J $ (> A %! , . ==
" B(" / ' $
$ .69 =F +2; 7=; C( FFE . $F = ==:F == 22 ==2 =142 +,

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


https://doi.org/10.1371/journal.pone.0092913
https://doi.org/10.1186/1471-2105-13-52
https://doi.org/10.1186/1471-2105-13-52
https://doi.org/10.1093/nar/gkr1265
https://doi.org/10.1093/nar/gku1003
https://doi.org/10.1093/mp/sss147

Manuscript to be reviewed

Peer]
@$%,$@ M# @ @# B $B @ # A ==+ (
3 $ "t $ $ / $.
1 / " * 6 * o # 9<«& 76 C(_=._=:2F! . # ==+
B $** $BM #1 T MB $MB $*A M>* $ * $> ==+
D 1 "
, >? 3 drr 3 $$
" " =G4 ;= C( = o==Fes+ 7E=+ 1458
B $BA?A B $** $> == 3 , >7?
$ .7 " 191473+ C( = ==;f==+T7== =66
B B , * =41
. # # " 3 *
6 # = " 9 <t 41 ;+ C(_=._==; 26 = 4 =17 1.

Peer] reviewing PDF | (2017:08:20219:1:1:NEW 8 Dec 2017)


http://dx.doi.org/10.1007%2Fs12298-016-0351-5
https://doi.org/10.1079/CJB200422

Peer]

Table 1(on next page)

Transcription factors and their binding sites

Transcription factor and binding site for each, in biotic and abiotic stresses. TF: Transcription

factor, TFBS: Transcription factor binding site.
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NO. of TF in

NO. of TF

TF family abiotic in biotic TFBS
ARF 1 3 TGTCTC auxin response elements (AuxRE)
BBR-BPC 1 ) (GA/TC)8 and GAGA-binding
bHLH 3 9 E-box (5-CANNTG-3)
CoH2 i 9 a DNA element that contains an AGCT core
C3H i 1 Unknown
ERE 5 18 GCC box is an 11 bp sequence (TAAGAGCCGCC)
EIL 3 5 EIL2 BS in ERF1
(TTCAAGGGGGCATGTATCTTGAA)
FAR] ) 1 FBS for FHY3-FARL1 binding site
GATA i 1 WGATAR (W =T or A; R = G or A) motifs
GRAS 1 7 cis-element AATTT
that consists in a tandem of inverted repeats of the
HSF - 3 sequence GAA, generating a perfect
HSE, TTCnnGAANNTTC
LBD ) 1 core sequence CGGC
MIKC_MADS - 1 keratin-like coiled-coil domain
(CNGTTR), (GKTWGTTR), TAACPy sequence (only
Mr;;e da”d MYB 2 8 one AAC sequenc) and (GKTWGGTR: R, A or G; K, G or
- T; W, AorT)and EE, AGATATTT
NAC recognition site (NACRS), NAC binding element
NAC 5 4 (SNBE) with a longer and variable
sequence[T/AJNN[C/T][T/C/GITNNNNNNNA[A/C]GN|[
AJICIT][A/T])
NE-YB _ 3 CCAAT binding
NE-YC 1 i core nucleotide sequence CCAAT
PHD i 1 Unknown
SPL proteins i 1 SBP-box, TNCGTACAA
TALE 2 1 Pbx:Meinox binding site (CTGTCAATCA)
TCP i 5 GGNCCCAC sequences and s G(T/C)GGNCCC
TIFY - 1 Unknown
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VOZ 1 i GCGTNx7ACGC
WRKY 3 9 W box (TTGACY;Y,CorT)
YABBY . 1 WATNATW W =TorA;R=GorA)
ZIP and HD-ZIP 3 6 motif AATNATT
1
2
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Table 2on next page)

Detected transcription factors

Detected transcription factors are affected by a diverse set of biotic and abiotic stresses.
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Transcription
factor family

Transcription

ERF

GRAS

MYB family and
MY B-related
family

EIL

WRKY

ICE1-like bHLH

bZIP

Function References
factor
- Zhang et al., 2004; Wu et al.,
JERF1 sa"”'ty’J‘;‘r’z’otj:“br’iﬁi?éusﬁégggsught and  "5007; Sharma et al., 2010;
Zhang et al., 2010
SIERF4 abiotic stress and pathogen Sharma et al., 2010; Kim,
(Xanthomonas campestris) Stork & Mudgett, 2013
Gu et al., 2002; Chakravarthy
Pti6 pathogen et al., 2003; Sharma et al.,
2010
abiotic stress and pathogen .
SIERF1 (Plectosphaerella cucumerina and Guetal., 2002; Mayrose et
L al., 2006
Botrytis cinerea )
abiotic stress, mechanical stress and
SIGRAS6 pathogen (Pseudomonas syringae pv. Mayrose et al., 2006
tomato)
MYB48 salt , drought , cold and pathogen Xiong et al., 2014
Huang et al., 2007; Alves et
LHY low temperature and pathogen al., 2013; Grundy, Stoker &
Carré, 2015; Seo & Mas, 2015
sallnl_ty and ortholog in tobacco Ying et al., 2004; Borrés-
EIL2 resistance against pathogene .
; Hidalgo et al., 2006
(Peronospora hyoscyami )
sallnl_ty and ortr_\olog in tobacco Ying et al., 2004: Borrés-
EIL3 resistance against pathogene A
; Hidalgo et al., 2006
(Peronospora hyoscyami )
Wou et al., 2009; Li et al.,
WRKY11 drought, heat tolerance and pathogen  2011; Chen et al., 2012; Alves
etal., 2013
Lietal, 2011; Chenetal.,
WRKY26 heat stress and pathogen 2012: Alves et al.. 2013
. - . Chinnusamy et al., 2003; Feng
ICE1-like cold , chilling, osmotic and salt etal., 2013: Huang et al., 2015
bZIP11 abiotic stress and pathogen Hummel et al., 2009; Alves et

al., 2013
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Figure 1

Identification of genes involved in biotic and abiotic stresses

Comparison of differentially expressed genes (DEGs) under abiotic and biotic stress
responses, (A) Four-way Venn diagrams showing co-occurrence of DEGs in response to
various abiotic and biotic stresses by two meta-analytical approaches: Fisher and maxP
methods. (B) Four-way Venn diagrams showing number of transcription factors DEGs in all
identified abiotic stresses by two different meta-analytical statistical methods: Fisher and
maxP. (C) Four-way Venn diagrams showing number of transcription factors DEGs in all
identified biotic stresses by two different meta-analytical statistical methods: Fisher and

maxP
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Abiotic maxP Biotic Fisher

Abiotic Fisher - Biotic maxP

Ab. maxP Ab. Fisher TF

Ab. Fisher P Ab. maxP TF

Bio. maxP Bio. Fisher TF

BioreEiskeirwing PD
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Figure 2

Gene ontology

Gene Ontology analysis. Frequency of most representative biological process terms. Com:
Differentially expressed genes obtained by common genes in biotic and abiotic stresses, AS:
Differentially expressed genes obtained by abiotic stresses, BS: Differentially expressed
genes obtained by biotic stresses. BG: The frequency of these terms in the reference genes,
Tomato Locus set. Gene Ontology analysis made in the AgriGO platform (FDR = 5%). More
details in Table S10 and Table S11
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Figure 3

Network analysis to clear all connections for differentially expressed genes shared by
abiotic and biotic stresses and determine genes possessing hub roles

Network analysis of the 361 common DEGs identified in biotic and abiotic stresses. Network
is made by STRING10.0 database and represents all connections of those genes with a
confidence score > 0.4. The connection colors show the types of evidence for concluding
association: recurring neighborhood in various genomes (green line), co-occurrence of those
genes in the same organisms (dark blue), co-expression (black), experimental
proteinAprotein interaction data (pink), pathway characterized by other databases (light blue)
and literature text-mining (yellow). A number above hub represent TF. 1) JERF1, 2) MYB48, 3)
protein LHY, 4) EIL3, 5) EIL2, 6) WRKY26
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Figure 4

Common transcription factors in biotic and abiotic stresses

Two-way Venn diagram showing the common transcription factors between abiotic and biotic

stresses

Abiotic TF Biotic TF

80

(72.1%)
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Figure 5

The presence or absence of the transcription factors across various organisms

Transcription factor occurrence patterns across various genomes. 1) EIL2, 2) EIL3, 3) ZIP, 4)
GRASS6, 5) SIERF4, 6) SIERF1, 7) JERF1, 8) WRKY26, 9) ICE1-like, 10) pti6, 11) WRKY11, 12)
protein LHY, 13) MYB48. The intensity of the color of the red square reflects the amount of
conservation of the homologous protein in the species. White color (No similarity detectable)

and black red color (100 similarity detectable)
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