[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

et el e
W’ﬂ‘\ JL@J' g\ BJLQJ' ‘\Y' 092
> ISSN 2717-0632 . S5 5 ~JIISSN 2716-9804

RNA-seq ‘5)3\.'3 SeS “ \A;)l.q.ﬁ 4 e\,.S/ ‘;9\3: ‘Sl.b'c.o\g: U’ZJ\S

ks 55 5" ol o e b S b
Gl 5 s (Dl Ol ( (S 50lS Slidond s go (S 0lS ol le3T (ALS el o (5553 )
Olpl iz S «sioslas
Fisl 5 s el Olosle Olghol 4L Ol (55,55LES (6350 555 s ol 53 s 300LES (S5 955 g 555 Y
Ol Olgral (g5, 5lis
Olnl S (83238 (i3gel 5 g Sl Olaslo g 5 5dy (A8 5 o Dl s g0 GL2S1Y
khelghati50@gmail.com
SSVARVAR U e @)U A4/ ANY sl s @)U

AV=\\ 1+ ain
Sl b b Ll ols (i 5 423l S te o3 slad b Ol 5l O 5y OlaLS
e Y 55 50 5 el Dl Olals 515 sl (s 3,16 1 L Sk 2lp 03 @Bl 5ty
o s JSCES (gatate el Sl pts ol 51 Y a i annly 0 208 Slesely e 4 5 aBloble
3 Aol s 3l aS S s plend oLy Glade Wi o Joe 3l ol Olej 53 S a S
S S s il L B e Slaes 5 Ol ¢ 5 3mnS) Dl S o (5,8 sl (S50T 55
EatE 6&&«[;7 adllas gloly o g 31 S s odomy s 2l 31 ol i des 0dig 5 ael
W g S5 e 53 Il ol 4 s Sle ol 55 05 Ol Sk (S addllas Sl 4 olS
G e Ol o Lad 58050 ol s b e a0 bl 5 Jsbe ;s MRNA glad S350 oL JI5 L
High-Through put ) :U;)ﬂjg Gostd s o ol S 3l e Ol aS nl Ol s OGS Ol Ol s
Sl oS 5 gl Ol oo s b 155 sbagtiail 5 5l & S e 4 L RNA-seq (Technologies
aslas slaslnl e 51 SG Olgea o3y el (650ld ol LS e ool rf"i)g”‘"f 0305 s
wles Olals ol L;La'c_w\.é 3 =S5 slads plels 5 Sola— 0l iiSn rﬂfi‘“‘f
Sty
s b s sla(mil oLl ol s Soles /elS (iSlan ol sml w168 (slae 5l

S0l glhls glaos 5JUT

AV


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

ROl s (s Joe=s el
Sl g se 55 05 o Oly 5 jalls sile
501 6o 3 ol et s, Ly sd
05 0l i s, L LOLLT cidsiy, cxla
33 35 ge S LOLT a5 ys e 5Le]
YR I N ACSC e U
¢ e i 50 S et Sl
5 s, 0dSuS GLamRNA ac oo
0 diSUS b LolLT slad iS5 ac samee
e Ol 3ol oo (A5
J—slse Olgsa - LOL,T sLad S s
bl o585 5 0555 e Rl s
3 S T 0l 3le oS 5 Lacdigiy,
S5 oldian s 5 ol gl
slad SNy s Jls L () cl s s
slad) oLl 5 Jsw ;> mRNA
3N 4 Ol oo S s cnl 4 bso e
05 Ol ol Ol 5 OS5 Ol Ol s
byl s Gl Sl e b e Ol S
o=l 0 (o colen Ko 0y
S LS e e S LOLT oL IS
s slasdss, gl 5l el o S
seduisus glac b, Jold Jsbe 5o

jb&d})))‘)utawﬁﬁ

AN

4o

Joe G s 0l b sw OlalS

bl e 5 a0 S5
loply G e Gl 0 e
U s Sl 3l s e Sl
sloaspn o (Salos Lis L dilz
23 35 b ddy gl s s e 855
ol e 50l sla S &\j_}\ =
oS5l 0530 () S s sl
L olalS (coevolution) Ols jen 5 of on
S LSS e LS b Sk s
Sl s et Sl 513 il
ol 5 el glls S ous Ll s
S S s sl elis glade ol
St S 555 Solew 3555 5l
S ols sl el b (F) S e
«(oxidative burst) 5 .S1 )=l AL
PR (pathogenesis (sla 55, ol
S S, s yrelated proteins)
(programmed cell death)s.s ¢ 5 y4sl
s ST Sl Lt JUs & <
o) e il 5V e o (Ko (0)
53 05 ol Ol exs (6551 andlas L Ltes

Ls'.’.l-"“‘l""':’ ‘V_H_M ol_’:g “ CM.M._’ )L«.:.} oL:S/


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq 6J"u &d 4-: u;JL‘:‘,‘ 4_., °L“S/ ‘;pu; 6“&.&‘% d:ijts Ab')m 3 ;-LQJ.E.L&H

Sl i ol s 5l S as
23 Sl Al L e sleda bad Gl
Bt DLl pll sy plalis
ot sladlu s ssls Sleys el
e JJ>4a— RNA-seq 5,58
Ladto Ol ser Ol i (5 581 andllae OISl
55 Olegas by gy Sl 5 3 0
e 3l S Ul Sl 5 0L
ety s S anlllas sla
S0 glads plalis 5 Sole-0b s
b3 0lalS elss glaguly 5o
Sy
9 LGS (lubid 53 1ol sT b JeF 3 15
BT Ol Ol i

5 el Hleae Sledbl 0 ST
slaisy SaS an Ll jlsle 5 boj
Ale gty Sl 5 aallae 5 el
(—s olabs Ly Lag) gl waloan
BT K 55, LeDNA L Jigs
SAGE (serial analysis 5 «|)i5, Sl
55 45 edel Cows 4 Of gene expression)
s Lk e OIS el glaell
0 L RNA-seq slaesls | )

sl g Lol S sl il 4 (mapping)

A4

L e R e R S P BEVE
o o Dls s 50 Sl o s p oy Sl
sy ee ol gl Ss oledbl SSL oS
5 035 pr Sl il Gal L a3
St ol 3l edeel s a4 et
b ol 55 I 558 s b L5
51 i LolT lad s 5e (V) S O
Ll am Aol o oL Mg
Ly S (eDNA) s = 6l.0l g3
Sl sl il slap il o S
o Ll sl sds b yme 5 sl LOLT
Lo sl il 51y o sladle
2Ll s S s cle 4 (Illumina)
(A) Gl ods oslinal cosls A 55 ys miny
3 Lol slad S50 ol M55 ams
55 sla il ooyt Lyl il
single end, ) «3,b < (Short reads)
Jsb 4 (paired end, PE) 4 ,b 4> L (SE
L5 2sber SIS 100bp Sl
aalllas gl o Lal,T glad S 5
Sl eslial 55 5 DL o sy K313
53> RNA-seq 5,5l 5 ,,LS .(4) <3 S
s ol s oLy b (S

oo g SLAOS L L)


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

Ol G 4SS e sl 2 Oldles
A AN o] I PEL INTESP VAR
Sl QLS L3 szl gbls sbaos sl
WNQR R R DIRRCIUPCHJUNEL AP
L La0s 3l aws ol ks sl oL
RNA-seq (5,58 oS 4 Ol 55 o0 50
slapdonl Jdos 5w 58 bl
oslanal 500 Sglate bl i 55 aS sl 0L
1A 0l LT Ul S 515 Jske
05 Ol ks 53 i Sl 53 &S 1, a0
AS o JeoSS el 6l &
RNA-seq 3067 o1 5

g J.OlT gl el g
LI s 2o s DNA o Sbls
Lo 5l e

L andlas 350 p 520 Sl 5 b Iy
355 s sai 31 S Lol 7l
bt e () IK8) 555 5Ll oI
id> o SO Ole) Sled 5 dald 058 5o
Sl e 9 0 dd s (Lol gles
Sldes dbas 5ai 51 LS LOLT gl
slad S5 (fragmentation) Os S 5 =
s PSS a5 edd oL Lol

Sold i gy Al b 5 5lag S

Ry I L COCVIE SR YL
claos Jes b La sl Lo S
53 ed—30Ls lads ol anl 3
r) oo o pd o plalid o g Sl
Cale sl Jdsas Lol,l oL Jigs
i slaos S e is JUlS (S
L eddoly oSl slaog 1L ssols
.Jjﬂdn V.A‘j_é
Lad e 15 L Lol,T ol Jlgs
el esdle cul s il s
p Sl S s el a s gl d)
Lo 53 Lus el Slalis Ol
M S5 s Ll o S 1y g
oAl el sl pleld b
L 05 S s sla IS a5 5,550
éuw&ﬂ 5! s (isoforms) LAD_'UJ-_:\
(o Sl Ol i sl s
S5 Sem ul ol s (V) el
Sl S 05 SG Sl ey 0S|
Lys slosl ol au L i~ mRNA
A SLeSG Slats sy a0 e bl
Sl Seoe 45 L5k oo dor 5 03 Shae
Ll b s e SO polasl muly o

5 edel Cowsay dalgd L4 Oly oslate


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA-Seq ‘5J"L~Jf &d 4-3 LA;JLQ:-: 4_., °L:f ";Gu; 6“’6&‘% d:"ts Ab')liﬁﬁ 3 :-LQQ;“J.L&H

TP W | ¢ BN U
Oesle 31 (short reads) oU oS (gla il 4=
ol ol s bl e 0 L I
LYy ) oo s il o sl ul
CoLES NV LY L il Osds Vo
sl ol I LOL,T & pad a3 (o3l

]

e diged a4d § SWie o7} wlo

{ non-coding RNA+ mENA)E RNA ghécal

Sl bad—s Sl glas 5o (o S
¢ cDNA (cDNA library) J,SJse
L (linkers) La o Jlast 51 g 555 e
Oladad glesl 55 4 (adaptors) Lau.uflﬂ
ol b Jls €DNA Glls 5o 550 40
o5 slore il 5l S5 s abls
second generation ) e 5> Jos oL 5

ol plail —l U1 i ( sequencing

Slous 2

e S

/ 2o pals U lilas il Sl
Introm Iniven

. N . .
\ ﬁwewmﬂ'awphahaﬂ-»fuwfabﬁy

andaiih U g5 ot SIP

e il SLOKG U & sed 4 31 RNA-seq LT &G plil ol e Y IS8

A b aS bl s b cndS Sl
(ASCII table) S .l Jsi> 53 SILIS
03 Ll ity sy e el LS
Saled ol oYY el 5l s sladl
e g R A I L B IR

"M SIS e ) S

9

by il 59 (el i
(text files) jxo gla B 5 La il =
U_i‘ “ Juj.&v.a eFJFASTQ C».AJ.? “
‘)L’JA %SCLA)L’ dﬂjsfo))’\.céw
phred ) s 5 kS sLaal Gl 5 5

NG I WG U ol 55 (quality score


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

- ﬂ“< L):”} ~ 6)‘1 f.)S JJ‘A—)\-’L:_/-N‘

G il Lyl G D)y
S5y 88 g esls el se 3 ()t
CedS L VU eSSy s
el I3 BB b CS s 3 5 e
o iy 6l iS58 US sl

DL aJw_w‘ J)j_ﬁ .>)|JJL.:_~¢‘ Mum L;.Aj.lj‘

Sanger ) o oL Mg s,
o)y sl == «(sequencing
53 sl 5 cdS o sla Nl ol
S IUT Gan e 53 ol slaesls
o=l s Gils al g ar il i
sl ol Olaals gloa il
Ll 58S 5 um s 4 S ola il
i 100 51 Ll 55 (N) edsis sdsl
Ose3l 5o aS Gla il ple 5 el
Led Bl Aol Lleds 5y S
5Ll ciS jasls o5 ols il
g oo oslizal IUT gl ecl VL Yo
bl el 8S 5 o 5 S sl
ke laslpdle 5 da Ll d b )
Sl S e Syl os =
oS 5= Jole (s 33 (trimmomatic)

Ls‘j—."9°‘>j—.’ l_é)b.é‘fj_a U_«")|L5—<'~"

Y

Jsd—= ;oYY |, decimal value)
#¥ I . decimal value) "@" SIS
55 kS Sl Sl (ASCHL Jss
S 345 o iy 25 Qphred=-10 logio(p)
sl il Jaa| 5l el oyle p 0T s
sl sl by b e Ol el
Sl gme ol 4 ol Yoo ol s Qphered
¢)LJ &_’{ Y8 Y a.)._;\j;'- )L: \KK )—A)‘ S
ol 4 s sl el s oL Jlss olasd
b sl 2l s dleal s
(YY) ¢ | 744 «Qphred 20 ;>
FastQC )‘f‘(’;’ ] ol u_ej:w laosls
b e S S S J‘L“W Bl

Osa3l Ao L FastQC ol Lalsile 5

LS o sl b il cd S el
2 3l eddedil g I kS 005l
o— 2 —ge Qphered Lol Ly 5L
2 sl FastQC 2,155 .ol go )l
B e R e
(ol 35S ol 55 s s e 0 3 HTML

JNL,;\J..’@}.QJJ.A);L;JU}Q.:.&:SM\;


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq g_sjju &d 4-: u)g)t":ﬁ 4_., °L“S/ ‘;pu; 6“&.&\% d:ijts Ab‘)m 3 ;-LQJ.E.L&H

(Ferragina-Manzini indexing) FM
i B LS (o SS wm e 0585 )
Vo s o e L a5 2
35 el el a s (Ul bl sk
RNA-seq o5—5 Lo slalsl .(VY)
22 2LOe 4 el s xi sl A L

BT NI . A 54

b9, Lol gs
s RNA-seq la il
(Ol G 33 53) cadiies 055
sl s S L W e s
OdEl 5 o 5l e LOILT slad 50 5
o dd plonil (o disigy Sl Gl s
Sl SO ol (Y JK8) el
5105551 55 L cul S RNA-seq
LVerrebp wor e p 5 s &S S
Sl 3 5=b e Ll dols i
St 5l Jsane e S5 4 gl
s Olusl 3 RNA-seq (5L i Voo
S5l 05581 e L L ity U0 )
ool (VA) Wleu s ui_i;)V_A S g9
o gl Bl ol Gl s e
Ceol s 51 55l 5ds ol & S5
A3l 05551 S lae b i1 48

clciases Slpl S Sy oo tees

qy

0f)

P35 B9 Lailes L0 9 (A dpd

&
=0 L RNA-seq slaesls 5JUT
=0 p =5 S, (mapping) Ls Ul
5 has O 4 48 355 e 5]
U Q S CCID IR PN+ JES WA TR
Loof L bSO L bl 5l as sae
slald dsls LUl asyes 51 Sl s
055 S Wl Candye ond 5 Laazus
=il DL Sl cgdns J>1 0 o
Lap b nly Lo 5o, 51 JolS lae some
sl e ol 1 Ll il ge s
BWA  , (\0) Bowtie Lgl_»h)\}'.é‘(ajj

(V%) (Burrows-Wheeler aligner)

35 o Lladls 1y 5 8 o iy O eS6
BWT rl_', az lesls Hl=Lla sl g'-:i)jiu
osle ! (Burrows-Wheeler transform)
J\_.Sd,e oj_:}s obj_.f.\_é ‘)L.:M\_g uj"i”” “ |_)
By Y C)_> S laylpl ool oman
Silwalal ol o (indexing) (¢;luale


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

P Sl (G3Lel 9 By pilgs SLige
Ll slap ponl 5 s, sl
RNA- JUT 55 Glaal o 5age 51 S
ol sl = Y e sdle ol seq
s e (Sdigigy o JelS 5 e
03 s LU S, 51 S e Ol
oy 53 i aS L 01 5l 3 o
sla fasss aS olusl asle s S
T S RCIT - ICIRTE SR
(S g gy 0 diSUS L0 e ¥
55U 3T 5l ol as LT slacil s
slagloll Glaos 5 des S|
LT 055 ol codei JolS oSS L
= p e Sl 5 sl s c il
Lo (e acdls LB 5 e 0535 Slus
505 ol 51 JLlS e b o
o=l mesdle Ll Lag 5550
S S VR U coJ;;S;é_i:)V_A LSL“)U-”(;"
dias bt GLads e acil R
et S e peend 1y el gy LS
o ol St 3 Lo dgig) S
3 S3lwisyes e e s 5 oo
o=l s e e85 2 bRl pLOG

Aol e ) s Rl e S

9 ¥

exon ) Lags S dlwasl 5 O =0l 5 —
ool pl ol Cl g9, 53 (unction

- IS ax SR

LX) I g m—) |
G Ve 4 e b gl biciis e
sl es 5 (unspliced aligners)
(spliced aligners) & ,— Os 4wl
SIHISAT2 Lol osls an w5
O O 4 el slacbcys s on
sibwale 3l Bowtie s HISAT2 ...l
4SS LS e eslaul BWT/FM Ll
A=z Sl Gl el SO L
e o2 e kSl 5 S S olealed e
L 1 5l sos HISAT2 Ll ol
L Bowtie o o ol 2 cpdoor (20
OF esde .(VA) das s oLl BWA
9 e s ol el 556 HISAT
Ol s po,—a Lol gl aolsG
U Ut S N N PP FYRCI
s gidetl ol Gt B L e
4S (genome annotation file) & D;j
sddaslis slads ol 5 L0y S| o3 sl
Lol Clles ol jasie Of s


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq 6J"u &d 4-: u;JL‘:‘,‘ 4_., °L“S/ ‘;pu; 6“&.&‘% d:ijts Ab')m 3 ;-LQJ.E.L&H

ool Cuwd 4y S99 ) (S I Aiumo

ol plobs a0 5 Ses s Gl 2
L La0d ol oty 5l e ad e o
dile e S Sl Sl el
. ,s BLAST+ , Blast2GO
Al esls laell 55 5 5mse o s
TAIR10 ;5 UniProt NCBI-Nr proteins
55 Lel b alive sla Jlg 5 ol oslaxs
(s 33 oo plwlid LaolL oyl
lasio i ey L La05 sbyanas
YV Y) s i ¢L—>.=3‘ wlle glag]
S gl 31 i 0s=Sles Blast2GO
Dy go alll rl_} g ol S
o3 B Sy W6T

s s ol Glaal S
s L OIOT b s 5 s Sl
Gges 3 T olo &S col Sis can g
Sl e S5 el 4 s Jles
Ll 5 55 St o il Bl i
et Lokl osm e SO Som b S0
0313 ey 34 50 0T 3 05 Oly 6551 5o
Ole &8 2lboos ool ulpby opd
Sy olantl 5 oogline bl b ol

C M 5 S

o

o3l &S ol I Lol sl Ko (LT e
Sy JelS Iyl 51 (10 bp) L sl
Db (VYurbp o &5 5ba) i)
JENER PRSP PN e
O Sl Sl g Sl ey i 5
(V) 3y el 250,
S sl 56U Sl o1 53lp 5
StringTie and StringTie )CJ_A s
slaslBle b o S ds = (merge
o La il Slise Gl oslanul 5, 50
Cn o) el g S 5L
o Jrb b Sl e ol e S
wld Lol e il 5l HISAT2
S g il 6 S
Shslas gome 5 o3ls plasil ) Ladsiy,
S o bt las Sl 5 i gy
Lowd s, 51 S, Sl ol esdle
sole—d dod = 5 e 0 )
al> o ¢l ,i |, (table counts) La 5l =
5 A G5 b S e eslel sun
number of ) ¢ i le s sluas oS
st GLOG 5 asses 0T L (counts
o sS55IV Oy mh AL

35l


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

S sl s g Lagl 3l 8
aibe Lagl 31l ol 5T gle s,
b ¢l (YY) Cuffdif 5 (Y#) EBseq

sl—sp bl s bacd4is, iS4
ey ol bkledd sl anw g5 4 LSl
s oY=l (Sl s A1
Al e ol sl S5
el 53 Al ST s ey (o8
55D s 31 0k s sl
(YA) 3515 anlsl 5 gm ans ol 5o Sl
5 SElet— (s () S
laosls S IUT 5,50 5 Sailrdan
0l,LSes 5 Sahraeian L. ;5 RNAseq
51 Deseq2 5 edgeR as sls ol_is (Y4)
e 2l Gl Ul At
S S8 ol glls sLads
(o, b sleslanad U edgeR s
sl Jyd> (g 9—e 45 StringTie
e b e dd GOl la il
S 1m0 el bt s 51 K 6l
23 Sl e sl Wl dalld 4 s
S e iS5 mlalis 1 s Ol
FDR ==L___5 45 ;| edgeR CA_Q

LogFC  (false discovery rate)

b 84

differentially expressed genes, )
bl 5 S5 53 sAdS el (DEGS
P SN | P IS WOOC LT IG5 Ve S
high-) 514 e o5l U p st Sl 5
RNA-seq (through put technologies
Sl ol sl 4 sl sladla s
s 31l 603 Ol (655 anllias
SLaslsle s La s s el il 0
Ol T Sl ol (55 gupelS
5523 RNAseq slaesls KaS o 31
I s s gl slusss 4S50
WSl Ll le 3 el iy 53 el 2yl 580
51 S (YY) baySeq L— (YY) edgeR
Sl (a3l LT ol
Sne 5 05 b sba
Sldas S 4 waul 05 Ol Hlais
e 03y w5 S s assledle
L (negative binomial) e glakes s
031> Ll ,—3 (Poisson) Oy 5 —5 5
SHie 01555 o 5 ol 35 e
sdalice 511 55> sl slaesls (value)
ool 01 gla el ,L 5 szl 5550 Jobs
NOIseq Lle 5,55 slajlpl axdl 5

SJT 6l — 55 (YO) SAMseq 5 (Y¥)


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA-Seq ‘5J"L~Jf &d 4-3 LA;JLQ:-: 4_., °L:f ";Gu; 6“’6&‘% d:"ts Ab')liﬁﬁ 3 :-LQQ;“J.L&H

J——\e Ophiognomonia
sdaline ¥ ISs 55 538 581l goley
slads SLs 53 i (1) 558
/o0) 5Ll s FDR Laxls oS ool
v dals cor s 5T Ols 5 035 %S

s el 0l &S L0 .l Lls s

leptostyla

SR QL_..L_a oL:_..»: Ly La sl o 6)‘3‘;.&A

t«e-g;_é\.l:_&g_éb_bljads‘,_&&p

sl T 5(log  fold  change)
sl Hlss Ol gea p-value<0.05
J.Su.a ol c.b')‘.} )‘Ju.'a.a QL:J CJ}U.?
MA 5 05 01 Ol Lo gze slie 4y S
Q_i‘ )‘ 6\4.’:}‘._', -Jj-:"L;‘ 03l u':“'lL“" Plot
&jbjf ol.:§)> dj OL:-' C)‘jx.su LS\J" C))&-i

Soben B Sas 5l ey S

15

logFC
-5
l T

Down Regulated Genes

£ e A e e T T

Tae phm e

Significant Differentially

Expressed Genes

-15

5

I I
10 15

Average logCPM

L S0l 51 el FA Qi o35) Sl (533,5 Olger 03 05 Oly &l pis aylie =Y Y

Sl € 5es 35 53 ((logioCPM) 05 0T Oly o 20 ,e3lie 4 s (log2FC) ol 55 O. leptostyla

V) Ol s wlie eyl relow Ll s e 0Ly sl slhls gla gl iie 3 bl aals

CJl}' e Shls glae i S il ol
leucin reach ) g 51 & Jil
S ol wlis 3l ey 4 S (repeat
pathogen ) S )L ey o, wn Jy SUse
associated

molecular patterns,

v

SB35 y 0 (SNBSS 2k
ol <l

35 o) s 45 a3 o OLES Dolalllas

Jsl Y omul ol &Y 55 Jols olS

slisl 5 lae i 18 5l slas sams Jols


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

FoR bty Jsbo 5o slaed S
LS L s s g eyl S da3 e
ETI (effector- triggered immunity)
go— St 3 ETL 5y 3 o ol
38— e &S sl PTI cﬂb R IRPVH
L Jsane 5sbas ETI 5l 355 o s slis
Gl 31 36 Joe S e el 05
s ;. (hypersensitive reaction)
S S 53 BTL AT 3 55 s
53 il Solan 5 olS ol e |l
23 b Ol S Gl > s
s 2,05 ETI 5l olazrl gl S ks
L il 1y 5Ol gladi U ossd o
23 ek oLl jLs s 0 S0 S
sebal 5 e el gl 5 o Ol
ssb o ETL 63l5s 31055 5 R slao3
L PTI ol 3 s 51 G sl (F)
0315 il 1y olew 4 olS Cuoglia ETI
(P aiS o sgdma | S la A
Lo el 3l sl Olo Sl aas
i sl el S (e 4
S ol ol 5l sl S gd LS
03 S o et (Sa Sl e 6T Ok

D g g 63,1 aalsl

aA

Sl lae sgazs 05 SJLss L (PAMP
05— amy sl lasleS 055 —
mitogen activated protein kinase, )
oY S e s el (MAP-Kinase
S D353 St 85 Gl e g0
OV pmen L Cuoglae gla iy bl
Jde w1 dS o LS R slals
S (Y JS2) S 5 S SIS
&l PRRs s & PAMPs Lulis
Ol 45 bl s ol y & PAMP Lol ool
PTI (PAMP- triggered L sl C\é; l
S Al e &b ol Ll o immunity)
el LS (6 S sl oLS Do 35 5IS aslsl
Codlad s 55 4S5 olS Sl o)l
Iy S sl =T gl
Jese PAMP 0l sioary A5l 5 o s o
dds e A5l 1y Cwslis ol 505 S
Ll Ss SLLS 5 PAMP L S
5 OLS ylSua =S a8 Ly
OFVOY) sy i e Jelld 50 1 e 528
glos Lo, Gl 55 b e Sl 51 5
53 S e oS e b a1 oS 13
3 e oS 5 s Y I


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq g_sjju &d 4-: u)g)t":ﬁ 4_., °L“S/ ‘;pu; 6“&.&\% d:ijts Ab‘)m 3 ;-LQJ.E.L&H

F 3

HR atew]

el sl Faly

Suaglin albiu]
Hae

5 ;u\J ““i's'}é)‘bﬁda—.ijjj)

Sl (YY) 5,0 1 3 hls pdsg )
sl s ol s s el esls OLiS
5 s WRYK 755333 s,
| 5! u.aa\_f le—ﬁjf)\*:% — u-f’)—ﬂ
slas st ol A8 (Y7 70) b
ol ol gl oS s o s,
A WRKY (sl aputi sy ol sl
saoj i 53 (TGACC(A/T) W-box
SLe0) Ol 5 ot Joate 355 Dls
e g [
WRKY (sla 55, nl 05580 AcS
L Slely el 42 51 (s
s ol 53 5o Lay s, s
LS oy Szl (e 5o, slay S
oS s g opl S o 0B 5 L

J.Q.C L&Qjﬁ‘)ﬁ CMNJU':-'-,-{'»" Li‘}}\.’ = C».«-d‘

44

=99 Sl
B P P S PRTL ST
£lool J S s ool slaed s o b
il 5 olS L b b e glaanl b
Sla St s sl sLalS s

AP2/ERF LS)‘J){L" f:)_;‘j)

(APETALAZ2/ethylene responsive

(basic  helix-loop-helix)  « factor)
a l> 3l WRYK s MYB (bHLH
Aol e e Sles 4 LS CML“'
5305 0be b b e 5, slassSL
S e PTLPTI olds slamuly
slacdple dd g Opuse b Slasely
Lols s Sl s el 5 4 U

G Las B ol Ol i s ()

Ay bj_P.-

5] Y QlJ NELINg


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

Olis wlie glaos Ol 5o 15 Oy Al

PL bHLH112 Lﬁ_w'i}"j) )j:Su (\) .}\J

sl =l ol LG ey

s (superoxid

=l LS e V_.lm I, (peroxidase) POD

dismutase) SOD

Sl 3 o Sl a3
35T 0 5nS| sladI sl a,u;s@j@q
Ol Ol s 6 S L(FY) s
sbee S3537 51 e ERF sla, oSG
Ol jon Ol s Jold 5 el ol
Loyl (V) o5d o0 ol 5 LAl
Sl Aol e Slesely 3 ERF
FY) Lol ey
S9) S Hlsl (S110 Sy b9y

Lol oo Shas sy S S5 5 )
O dor b G lols 5 03,5505 &ilsl] oS
Sl Sl—=2Zn s 34> .Cwl Zn
5l s, Lo ol sl
crl 3 e 0dsl g, CSSH P asle
3ol sl i 053 S
(ALS a5l ks 53 0SS
Sl 4 olS ol Glamal s o

l_éo.:a‘p O—l‘ Y0 FY) Wl SIss o

Gla s Cillsee las e 5 505 S
Lol il 53 Sl el e e
Srled Glanl b J S (sl S el
slaseSe ol s ST

(brassinosteroids) Lads g ol gl &

oS 53 (FAXYV) il andls Sl
53 WRKY70 5 WRKY53 sl 555
Aol S e 5 Sl Aol Sl
sl Ol (Y)Wl v ek 28
L JIWRKY 75705333 (55 g ¢ 5
au oL by ps el b aslid 5 S5
o Sl 535 Sen 53 Sbey
dals o s O. leptostyla b Jas
MYB  (sla iy ol il o
51 s gla—ws (myeloblastosis)
el )3 A4S Lres e siss e, sU
S gl 4 el e 05 Ol
jasmonate-responsive gene )
Ola a8 .(Ye) Wyls 2@ (expression
s Sos 5l ey s 3> MYBI08
J—s 30 s Verticillium  dahlia
53 (0D 5l i E ol 4 Ol ol S
i 5ol Sl ey S 5505 Ol

Jlexr L JPMYBIOS 03 551 5T Jale


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq 6J"u &d 4-: u;JL‘:‘,‘ 4_., °L“S/ ‘;pu; 6“&.&‘% d:ijts Ab')m 3 ;-LQJ.E.L&H

PR Sld s 5
S Xzes ey PR slainis
S ol 4 (Sl 0l 5 T A s
s 5 ) St s 353 e
355 ol b (FA) sl axsls S oles 2
oA Sl L PR sy
s o s Seedes sl S b
Sl iis 5l esl Sl stin L(00) Wl
el eas Lls olalS s PR
S s el 0l s ol e
s Jlasl sy PR-1 sloa iy
Asle o8 sla Sl 5o Lads 2l
=S 5 Phytophthora spp. sLaas S
Ol Ll sla s sl s Sl
e Slsply 53 PRT S 1as o
Lo etis s (O)) 5,05 ik oS as
Ol 28> slauly 55 5 PR-4
Snd ST L S A S e o5,
Al (S Il el usbe lorly
B st Sl ol (S ]
LS 43 PR-4 05 0L .(0+) Lsd e
Sl s Slel s RUSPRCS
FA) IS e iy il (sl 45 1)

PR-5 LS_—'.‘T':)JT': e)‘jip'- )\ OY OY

sla o dlasl o las s Jld o) s
dol s Loles b Lol JIss 5l Glesks
P s s 2Ll 5 el
dile La g o onl Sl 5 L5 LAl
#Lds szl 53 ZATI0 5 ZATI2
ooy DL Ay GLIE g skl oLS
D5 el s bt onl Ol ol

Al e 58 g leS)

(receptor-like kinases) o 5~ dud (S jUus”
Sl 03 el S s glasls
b el bl b Sl @ olS glamal
lagals (o Sl 5l (slos 1S sl
s (elicitors) La, oIl o olds
Sl 5l Glesms a0 4 2l Al
(race-specific ~ pathogen  defense)
Sl e 03 o5 (e sd Olsean
(resistance (R) genes) s slis slay}
Sl es ol s (F8) Wl oS L0
s e s) 5 slasl S IS
LRR-RLS/T-protein ;LS 54,0 &
— ol by 5 kinase EFR
CLIG g skt T 53 5 S L sl g2l

(\CV) Gl ol C,.aU


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

S5LaS 05 by gm0 Ol Sldde
Lol ea b oles 4 il gla 08
C—aglin ¢ o BuS sla ) 5y JEp
sls Rl (8 S les 4 0L e
aS 513 0lil e Dldlhs ST .(OA)
ol oS A5 4 5lnS 03 s Ol
= =B Ol 4 1 s 5 035
SLS 05 o slaalllas 53 s e sl
(Brassica juncea) .o Js>, > ;3
Sl el s S s sl
5 SA) Sl sl (206 Sk
Sl 0T Ol JA) S el Al
SLasS edisus 051 0L .(09) Ll o
5 g el VFE i (53,
s 558151 ol Jole b S5als
Yo Le () el il Jl el
53 Jyere 5 Olsl 3 slagy 3T 51 5L U8
ALS Cilise b S s 5 ol LS
PR RO IRCI PR T SOC 0% S W E
sl e o B s
o o Esl s IS S Bl pendly
SIS Y 5 Lo slap 5T ayls
oS ol Sbamuly s eman
Alea b ol w26 Gls Sl

thaumatin-) .5 405 a5 gla 54
Sbadshe sl elis 50 L (like
o= s s, el s A S e
Lt clip bl g i i lis
o gl LOF) 5 5 o0 3l s 4
S R-5 5 $S03 By, (osmotin)
sla sty 5 el Jlal S s
b Ao Cenls (206 Sl Sl

oLkl syl & gls 5o 5 ails
psle SIS 53 PAPRS-1 05 Cobgiy
iy So5 5l oy 5
iy ol e S 4 cod —fructicola

Monilinia

(00) il il5sl us

P 03198 Ui s ‘SLQM}'.?T
(L6 el o) W 9 b sl

$Jo 3 908 Jlas| (Chitinases) Lajles
b ssba 5 LS e 1 aS 5
03 sy se 51 (gles S wels s 4
DAL s pasee (a5 dlacs St e
(08) L5 o A 55 3Ll 5 WCne 23S
03 b oolims oS P n e (05
Jsi el Lsjlas ol Lo )6
Sl S edl sl s LISZOB ool

Sldlas s . (OV) Lsd o gduaws PR


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq g_sjju &d 4-: u)g)t":ﬁ 4_., °L“S/ ‘;pu; 6“&.&\% d:ijts Ab‘)m 3 ;-LQJ.E.L&H

oAl Jled (2 Lowdgn (S o 46T
elidlad olasdsn sla s LT
s slamal wlas 51 s i
S ot Solen 4 (LS Ol
GIUT ol el 2 mlie sl s,
LSL L Bl sland Js el
KEGG |l KS' L 5 KEGG sledib|
sle s O 31 .(PY) <—ul Mapper
s e ool BT ol 534S (godame
L Objee iSen i L Lo e (sla s
e MAPK L Slosely e Sl
e LB 050, 58 Al 4 ply JLS

Al J S 32

3! (phenylpropanoid biosynthesis)

el LT o Rages
SR 1 3 o S (2 lowdgn S e
S obw- Ol

PAMP L ad S pe oolys 5 s
sy €At Oy Dl i S
S IS il o 25

s

(i
kS s asly lasls S
calcium-dependent protein kinase, )
4.?_..':3‘5 C,mj,ﬁ"}"'*ﬂs L;Law.ﬁjﬂ 9 (CDPK

5] o CJL:)J (C&M/CML) O,”prJlS

(BAs slagnss S0 5 baslas L
sl sla il S S e oS L
03 Lapm Bl ol asu )l 5 A 5 Cod g
Lol L ol & cilises DY pame
4S5 sy s slagts Ko
bleoetison sl aws cul e b 5 A5
S o ol (2l ol S oles S s
(£)

> 3™ 3

3 s S alS slasla—st
ssban S L LA Gla s
5 ol lamaly oo s 2 L i
Glad T 5 5l glos oS als o
5 oS S ols LS S5 b
e LSl s A 5 e g
gl Sl b s 5 ROS
SSI(F)) S o oS lie elss
= ab 3l e baslast y Ols ol s
V_H_w dalls 4 e O. leptostyla 51 L
Sholes odd8 Lo sl Sl
G rin S| el slws (S i
S 35 oo Ol Ral 31 Sl Ol o
Ol e sl s Sy

() col 1S, L;um-j


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

KCS1/10 (3-ketoacyl-CoA synthase)
S L BT 3 s sl akex Sl
S e Wl & bg e lacdgig
CoBIS LMD L e Sl (s sle &
S0 g s sl Sl g8 5l Ol
Pl Olsee RSan e 53 (SIS

(V) sl sl

Slaply G ymun 58 (311 SLBOS
S
SLaolesely Olysar ALS s, 5
o Slaaaly SUal sl pge
JUisl e 6slos L(P0) Lloddaztlis
Ll aLS ge a0 s, 50 5l &by
A S gl ol (3 s S
53 15 (BT) 5l 5 (SA) Skl al
i3 (FFTO) 33 e e Lo LS
g ts Sl S La 0 ol Ol
53 AS Al by Al s L Ll
L Olpoe o 2Sn s st Sl
s\— a0 Peronophythora  litchii
(auxin-responsive

protein  TAA)

(auxin-response factor) AUXIAA

(auxin responsive GH3 gene ARF

Yo F

reactive ) Jld O3St gl 55 A 55 51 ey

a5, S > (oxygen  species

S b e JUET ot s sla ST
O R T s g ] Ll ases
CNGCs by 55, 0L .(PY)
((cyclic nucleotide-gated ion channel)
¢ 55 S—wil 5 ;3 LaM/CML 5 CDPK
(F0) col Sl Sl b iSen
el 5 SHo 3l ey Jeme 5 sbasy
5 gems S PAMP oS0 40 (5 Sl
cdls L aS 5,5 e JLas MAPK
330 SLassSL Sl S5 4e sers
b e a0 Oby OF JLs 4 5 WRKY
JUPEINCA S NUNNINUOUNSIFITI PP It
Ol e pRSRe s 53 Lo 05 Ol
Lo J5l Ol Rl 05580 S obey
[ u_al_f PTL b> Lgu'cwa 03 o
ol on WSSl l 51 5 Ol S
(disease resistance layj .(Y9) ol
(pathogenesis-related protein) RPM1
genes transcriptional activator) PTI5
RPS2 (disease resistance protein)
disease

EDS1 (enhanced

s PRI susceptibility 1 protein)


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq 6J"u &d 4-: u;JL‘:‘,‘ 4_., °L“S/ ‘;pu; 6“&.&‘% d:ijts Ab')m 3 ;-LQJ.E.L&H

Ol L dwgiby p Jed Fawge mwo SO

&P g (SN 1
S e Bho s = s e
25 4S5 Sl 450 glacd plie (gls s
S Al Jw o)l Ll el
Sl il Ly i b sl Il
o Sl 2l s bt 5 SO
sdge am oS ols glamal 55 oege
S el VT s o 55T (BY) 50
53 IS 3T s Ol e ((PAL)
o El 02 APl b s e
(5 X0) Al o Sl Sl (S
Faeos ek atls OlS 55l S e
SLa,Soben oo ol slagaly o
Sl Jbed 0l (PA) cul aLS
2 oS g 53 3 e sl s
Ll S les 4 (Sos1 51 ey Ol

slac S 9 4

Lo 513 3 e
CAD sl aeplon usus
(cinnamyl-alcohol  dehydrogenase)
(4-coumarate-CoA ligase) «3la—.S|
(cinnamoyl-CoA reductase) 4CL
F5H «CCoAOMT CCR

CYP73A  (ferulate-5-hydroxylase)

SAUR (SAUR family ; family) GH3
(ST L fl_g JLasl s 3 protein)
eSS i slad S (Y0) Wledd oluls
oS e L g JLES (sl e s
23 3 Sl el 5 gy
Ser Ol soe (o 2iSeen 0 s Sl 5
Lyt 0y LS L BB s e
5 Ahy keSS Sl sn Oy sl
s ) e 3 Syl
Aty e o S S5 ]
Sy (525151 oy Ol rcb

(F7) ol 2By o sl

Wil JA on b a3 o sla0S Ol i

JAZ  (jasmonate ZIM  domain-
MYC2 5 containing protein)
5> (transcription  factor MYC2)

Sl Ol (e n gt Sl
e Sebeedl ol (1) Sl il 53l
s gl i 53 alS 0sesm
Ol ol Gy s sls Sl 4 olS
(transcription factor TGA) lao]
Ll b ol JWSH s 51 PR-1 5 TGA
i Sas (aj:.:.ij_i_m_;bj 5y Sl

(F0) ol il 5l


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

05 badwo Ol LT 5o LULs Jsw seq
R i S
LS Ol 2Us slagaly anllln
S sl ol ol L S ley
5 el e Ol a5 Cunl il
sdes Ol s Jleel 51 55506 O Cu ke
5 oS b e 31 GO 2
SR el e (S ple
Al 4 @ole g s L, I Sl elS
slawl 5 ool g roaal p dasls 310
505 bicw Ole S s Ob pan i
33 il Ll el gla s
53 ol OS50 W0 pas s (65l gan
S s OAE Jlid (5ol 5 Ad, o e
(s glamal b b e ol s
s s A B0 s At sl Sl
Sl ) e 5l glac] gl

S SOSUNE Y

References

(trans-cinnamate 4-monooxygenase)
Y | I S | IO U | W
Sl—a iy IS & (YF)
5 oo SJ 52w s 53 HCT 5 CCoAOMT

&:».w‘ oLl .L:J"U C.)).'))J jb) CwL"')jJJ

g s L 85 Al g, (FY)

eSS oSl 5 A Sl Jod

& Sl ey l,ls bLS 1 (camalexin)

ol el Sl S 5o (sol—an
(00) sls OLES (6 W Kair
S 5 4o

=L 5 Glwsely e s OLalS
SYsb e b ool Glodzmy Sl
Lo S olen ade a0 el o 555 (S5
ol S b a el LS
s s (Seasis Sledbl Loyl 3
@oladl g SV pame goliSa

RNA- sl 50 5508 .sjﬂu.a V-MJA

Ophiognomonia leptostyla jxSan » o 5 Susl 5 a 25" Ol b6 85 4oLl .(0¥44) (G el il )
oo YV L0l o8l "RNA-seq S w0 0l b 53,5 558151 (golaw Jole

AT A Slags o & Sslin 1 K85 (odign 20 .S (Glrphos 5 0 (Gl oD ol Al

oYV sl el S e ol Lasl

3. Grzechowiak M. (2014). The role of WRKY transcription factors in plants. BioTechnologia. Journal
of Biotechnology Computational Biology and Bionanotechnology. 95(3).


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq ‘5J"L~Jf &d 4-: u;JL‘:‘,‘ 4_., °L“S/ ‘;pu; 6“&.“% d:ijts Ab')lm 3 ;-LQJ.E.L&H

4. Bari R. and Jones J.D. (2009). Role of plant hormones in plant defense responses. Plant Molecular
Biology. 69, 473-488.

5. Van Loon L.C., Rep M. and Pieterse C.M. (2006). Significance of inducible defense-related proteins in
infected plants. Annual. Review in. Phytopathology. 44, 135-162.

6. Conesa A., Madrigal P., Tarazona S., Gomez-Cabrero D., Cervera A., McPherson A., Wojciech
Szczesniak M., Gaffney D.J., Elo L.L., Zhang Xu. and Mortazavi A. (2016). A survey of best practices
for RNA-seq data analysis. Genome Biology. 17(1), 13.

7. Jines J., Hu F., Lewin A. and Turro E. (2015). A comparative study of RNA-seq analysis strategies.
Briefings in Bioinformatics. 16, 932-940.

8. Goodwin S., McPherson J.D. and McCombie W.R. (2016). Coming of age: ten years of next-
generation sequencing technologies. Nature Reviews Genetics. 17(6), 333.

9. Mortazavi A., Williams B.A., McCue K., Schaeffer L. and Wold B. (2008). Mapping and quantifying
mammalian transcriptomes by RNA-Seq. Nature methods. 5(7), 621-628.

10. Lelandais-Briére C., Naya L., Sallet E., Calenge F., Frugier F., Hartmann C., Gouzy J. and Crespi
M. (2009). Genome-wide Medicago truncatula small RNA analysis revealed novel microRNAs and
isoforms differentially regulated in roots and nodules. The Plant Cell. 21(9), 2780-2796.

11. Wang Z., Gerstein M. and Snyder M. (2009). RNA-Seq: a revolutionary tool for transcriptomics.
Nature Reviews Genetics. 10, 57-63.

12. Syed N.H., Kalyna M., Marquez Y., Barta A. and Brown J.W. (2012). Alternative splicing in
plants—coming of age. Trends in Plant Science. 17, 616-623.

13. De Wit P., Pespeni M.H., Ladner J.T., Barshis D.J., Seneca F., Jaris H. and Palumbi S.R. (2012).
The simple fool's guide to population genomics via RNA-Seq: an introduction to high-throughput
sequencing data analysis. Molecular Ecology Resources. 12, 1058-1067.

14. Bolger AM., Lohse M. and Usadel B. (2014). Trimmomatic: a flexible trimmer for Illumina
sequence data. Bioinformatics. 30(15), 2114-2120.

15. Langmead B., Trapnell C., Pop M. and Salzberg S.L. (2009). Ultrafast and memory-efficient
alignment of short DNA sequences to the human genome. Genome Biology. 10, R25.

16. Li H. and Durbin R. (2009). Fast and accurate short read alignment with Burrows—Wheeler
transform. Bioinformatics. 25, 1754-1760.

17. Ferragina P. and Manzini, G. (2000). Opportunistic data structures with applications. In Proceedings
41st Annual Symposium on Foundations of Computer Science (pp. 390-398). IEEE.

18. Kim D., Langmead B. and Salzberg S.L. (2015). HISAT: a fast spliced aligner with low memory
requirements. Nature Methods. 12(4), 357.

19. Pertea M., Kim D., Pertea G.M., Leek J.T. and Salzberg S.L. (2016). Transcript-level expression
analysis of RNA-seq experiments with HISAT, StringTie and Ballgown. Nature protocols. 11, 1650.26.
20. Conesa A. and Gétz S. (2008). Blast2GO: a comprehensive suite for functional analysis in plant
genomics. International journal of plant genomics. 619832,1-12 doi:10.1155/2008/619832

21. OmicsBox - Bioinformatics Made FEasy, BioBam Bioinformatics. (March 3, 2019).
https://www.biobam.com/omicsbox.

22. Robinson M.D., McCarthy D.J. and Smyth G.K. (2010). edgeR: a bioconductor package for
differential expression analysis of digital gene expression data. Bioinformatics. 26(1), 139-140.

23. Hardcastle T.J. and Kelly K.A. (2010). baySeq: empirical Bayesian methods for identifying
differential expression in sequence count data. BMC Bioinformatics. 11(1), 422.

24. Tarazona S., Furio-Tari P., Turra D., Pietro A.D., Nueda M.J., Ferrer A. and Conesa A. (2015). Data
quality aware analysis of differential expression in RNA-seq with NOISeq R/Bioc package. Nucleic acids
research. 43, e140-¢140.

25. Li ], Li J. and Tibshirani R. (2013). Finding consistent patterns: a nonparametric approach for
identifying differential expression in RNA-Seq data. Statistical Methods in Medical Research. 22, 519-
536.


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

26. Leng N., Dawson J.A., Thomson J.A., Ruotti V., Rissman A.L., Smits B.M., Haag J.D., Gould M.N.,
Stewart R.M. and Kendziorski C. (2013). EBSeq: an empirical Bayes hierarchical model for inference in
RNA-seq experiments. Bioinformatics. 29, 1035-1043.

27. Trapnell C., Hendrickson D.G., Sauvageau M., Goff L., Rinn J.L. and Pachter L. (2013).
Differential analysis of gene regulation at transcript resolution with RNA-seq. Nature Biotechnology. 31,
46.

28. Costa-Silva J., Domingues D. and Lopes F.M. (2017). RNA-Seq differential expression analysis: An
extended review and a software tool. PloS One. 12 (12).

29. Sahraeian S.M.E., Mohiyuddin M., Sebra R., Tilgner H., Afshar P.T., Au K.F., Bani Asadi N.,
Gerstein M.B., Wong W.H., Snyder M.P. and Schadt E. (2017). Gaining comprehensive biological insight
into the transcriptome by performing a broad-spectrum RNA-seq analysis. Nature communications. 8(1),
1-15.

30. Jones J.D. and Dangl J.L. (2006). The plant immune system. Nature. 444, 323-329.

31. Niirnberger T. and Lipka V. (2005). Non-host resistance in plants: new insights into an old
phenomenon. Molecular plant pathology. 6(3), 335-345.

32. Schwessinger B. and Zipfel C. (2008). News from the frontline: recent insights into PAMP-
triggered immunity in plants. Current Opinion in Plant Biology. 11(4), 389-395.

33. Seo E. and Choi D. (2015). Functional studies of transcription factors involved in plant defenses in
the genomics era. Briefings in Functional Genomics. 14, 260-267.

34, Ng D.W., Abeysinghe J.K. and Kamali M. (2018). Regulating the regulators: The control of
transcription factors in plant defense signaling. International Journal of Molecular Sciences. 19(12), 3737.
35. SunJ., CaoL., Li H., Wang G., Wang S., Li F., Zou Xi. and Wang J. (2019). Early responses given
distinct tactics to infection of Peronophythora litchii in susceptible and resistant litchi cultivar. Scientific
Reports. 9(1), 1-14.

36. Zhang W., Yan J., Li X., Xing Q., Chethana K.T. and Zhao W. (2019). Transcriptional response of
grapevine to infection with the fungal pathogen Lasiodiplodia theobromae. Scientific Reports. 9(1), 1-12.

37. Chen H., Lai Z., Shi J., Xiao Y., Chen Z. and Xu X. (2010). Roles of Arabidopsis WRKY18,
WRKY40 and WRKY60 transcription factors in plant responses to abscisic acid and abiotic stress. BMC
Plant Biology. 10(1), 281.

38. Agarwal P., Reddy M.P. and Chikara J. (2011). WRKY: its structure, evolutionary relationship,
DNA-binding selectivity, role in stress tolerance and development of plants. Molecular Biology Reports
38(6), 3883-3896.

39. Zhang L., Gu L., Ringler P., Smith S., Rushton P.J. and Shen Q.J. (2015). Three WRKY
transcription factors additively repress abscisic acid and gibberellin signaling in aleurone cells. Plant
Science. 236, 214-222.

40. Lorenzo O., Chico J.M., Sanchez-Serrano J.J. and Solano R. (2004). Jasmonate-Insensitivel
encodes a MYC transcription factor essential to discriminate between different jasmonate-regulated
defense responses in Arabidopsis. The Plant Cell. 16, 1938-1950.

41. Cheng H.Q., Han L.B., Yang C.L., Wu X.M., Zhong N.Q., Wu J.H., Wang F.X., Wang H.Y. and
Xia G.X. (2016). The cotton MYB108 forms a positive feedback regulation loop with CML11 and
participates in the defense response against Verticillium dahliae infection. Journal of Experimental
Botany. 67, 1935-1950.

42. LiuY., Ji X., Nie X., Qu M., Zheng L., Tan Z. and Wang Y. (2015). Arabidopsis Atb HLH 112
regulates the expression of genes involved in abiotic stress tolerance by binding to their E-box and
GCG-box motifs. New Phytologist. 207, 692-709.

43. Hong E., Lim C.W., Han S.W. and Lee S.C. (2017). Functional analysis of the pepper ethylene-
responsive transcription factor, CaAIEF1, in enhanced ABA sensitivity and drought tolerance. Frontiers
in Plant Science. 8, €1407:1-13.

44. Feurtado J.A., Huang D., Wicki-Stordeur L., Hemstock L.E., Potentier M.S., Tsang E.W. and Cutler
A.J. (2011). The Arabidopsis C2H2 zinc finger indeterminate domainl/enhydrous promotes the transition


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"RNA_Seq ‘5J"L~Jf &d 4-: u;JL‘:‘,‘ 4_., °L“S/ ‘;pu; 6“&.“% d:ijts Ab')lm 3 ;-LQJ.E.L&H

to germination by regulating light and hormonal signaling during seed maturation. The Plant Cell. 23,
1772-1794.

45. Giri J., Vij S., Dansana P.K. and Tyagi A.K. (2011). Rice A20/AN1 zinc-finger containing
stress-associated proteins (SAP1/11) and a receptor-like cytoplasmic kinase (OsRLCK253) interact via
A20 zinc-finger and confer abiotic stress tolerance in transgenic Arabidopsis plants. New Phytologist.
191, 721-732.

46. Goff K.E. and Ramonell K.M. (2007). The role and regulation of receptor-like kinases in plant
defense. Gene Regulation and Systems Biology. 1, 117762500700100015.

47. Lal N.K., Nagalakshmi U., Hurlburt N.K., Flores R., Bak A., Sone P. and He P. (2018). The
receptor-like cytoplasmic kinase BIK1 localizes to the nucleus and regulates defense hormone expression
during plant innate immunity. Cell Host and Microbe. 23, 485-497.

48. Sels I., Mathys J., De Coninck B.M., Cammue B.P. and De Bolle M.F. (2008). Plant pathogenesis-
related (PR) proteins: a focus on PR peptides. Plant Physiology and Biochemistry. 46(11), 941-950.

49. Van Loon L.C. (1997). Induced resistance in plants and the role of pathogenesis-related proteins.
European Journal of Plant Pathology. 103(9), 753-765.

50. Menezes S.P., de Andrade Silva E.M., Lima E.M., de Sousa A.O., Andrade B.S., Lemos L.S.L. and
Micheli F. (2014). The pathogenesis-related protein PR-4b from Theobroma cacao presents RNase
activity, Ca*" and Mg?" dependent-DNase activity and antifungal action on Moniliophthora perniciosa.
BMC Plant Biology. 14, 161.

51. Breen S., Williams S.J., Outram M., Kobe B. and Solomon P.S. (2017). Emerging insights into the
functions of pathogenesis-related protein 1. Trends in Plant Science. 22, 871-879.

52. Caruso C., Chilosi G., Caporale C., Leonardi L., Bertini L., Magro P. and Buonocore V. (1999).
Induction of pathogenesis-related proteins in germinating wheat seeds infected with Fusarium culmorum.
Plant Science. 140, 87-97.

53. Bravo J.M., Campo S., Murillo I., Coca M. and San Segundo B. (2003). Fungus-and wound-induced
accumulation of mRNA containing a class II chitinase of the pathogenesis-related protein 4 (PR-4) family
of maize. Plant Molecular Biology. 52(4), 745-759.

54. Vigers A.J., Wiedemann S., Roberts W.K., Legrand M., Selitrennikoff C.P. and Fritig B. (1992).
Thaumatin-like pathogenesis-related proteins are antifungal. Plant Science. 83, 155-161.

55. El-Kereamy A., El-Sharkawy 1., Ramamoorthy R., Taheri A., Errampalli D., Kumar P. and
Jayasankar S. (2011). Prunus domestica pathogenesis-related protein-5 activates the defense response
pathway and enhances the resistance to fungal infection. PLoS One. 6(3).

56. Henrissat B. and Davies G. (1997). Structural and sequence-based classification of glycoside
hydrolases. Current Opinion in Structural Biology. 7, 637-644 .

57. Winkler A.J., Dominguez-Nufiez J.A., Aranaz 1., Poza-Carrién C., Ramonell K., Somerville S. and
Berrocal-Lobo M. (2017). Short-chain chitin oligomers: Promoters of plant growth. Marine Drugs. 15, 40.
58. Broglie R. and Broglie K. (1993). Chitinase gene expression in transgenic plants: a molecular
approach to understanding plant defence responses. Philosophical Transactions of the Royal Society of
London. Series B: Biological Sciences. 342(1301), 265-270.

59. Rawat S., Ali S., Mittra B. and Grover A. (2017). Expression analysis of chitinase upon challenge
inoculation to Alternaria wounding and defense inducers in Brassica juncea. Biotechnology Reports. 13,
72-79.

60. Balasubramanian V., Vashisht D., Cletus J. and Sakthivel N. (2012). Plant -1, 3-glucanases: their
biological functions and transgenic expression against phytopathogenic fungi. Biotechnology Letters. 34,
1983-1990.

61. Almagro L., Gémez Ros L.V., Belchi-Navarro S., Bru R., Ros Barcelé A. and Pedreno M.A. (2009).
Class III peroxidases in plant defense reactions .Journal of Experimental Botany. 60, 377-390.

62. Kanehisa M. and Sato Y. (2019). KEGG Mapper for inferring cellular functions from protein
sequences. Protein Science. 29, 28-35.


https://dor.isc.ac/dor/20.1001.1.27170632.1399.13.1.6.6
https://journalofbiosafety.ir/article-1-356-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-06-14 |

[ DOR: 20.1001.1.27170632.1399.13.1.6.6 ]

"IFAS Hle ) opled Y 603 () (ool dome!

63. XuB., Cheval C., Laochavisit A., Hocking B., Chiasson D., Olsson T.S., Shirasu K., Faulkner C. and
Gilliham M. (2017). A calmodulin-like protein regulates plasmodesmal closure during bacterial immune
responses. New Phytologist. 215(1), 77-84.

64. Dodds P.N. and Rathjen J.P. (2010). Plant immunity: towards an integrated view of plant-pathogen
interactions. Nat Rev Genet. 11, 53948.

65. Pieterse C.M., Van der Does D., Zamioudis C., Leon-Reyes A. and Van Wees S.C. (2012).
Hormonal modulation of plant immunity. Annual review of cell and developmental biology, 28.protein 4
(PR-4) family of maize. Plant Molecular Biology. 52, 745-759.

66. Huot B., Yao J., Montgomery B.L. and He S.Y. (2014). Growth—defense tradeoffs in plants: a
balancing act to optimize fitness. Molecular Plant. 7, 1267-1287.

67. Dixon R.A., Achnine L., Kota P., Liu C.J., Reddy M.S. and Wang L. (2002). The phenylpropanoid
pathway and plant defence- a genomics perspective. Molecular Plant Pathology. 3(5), 371-390.

68. Harakava R. (2005). Genes encoding enzymes of the lignin biosynthesis pathway in Eucalyptus.
Genetics and Molecular Biology. 28, 601-607.

69. Wang G.F. and Balint-Kurti P.J. (2016). Maize homologs of CCoAOMT and HCT, two key
enzymes in lignin biosynthesis, form complexes with the NLR Rpl protein to modulate the defense
response. Plant Physiology. 171, 2166-2177.

Exploring Plant Defense Responses to Pathogens by RNA-seq
Technology

Fatemeh Khelghatibana!*, Ahmad Sobhani Najafabadi?, Kobra Moslemkhani?

1- PhD in Plant Pathology, Iranian Research Institute of Plant Protection, Plant Protection Lab,
Agricultural Research Education and Extension Organization (AREEO), Karaj, Iran.
2- PhD in Biotechnology, Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural
Research, Education and Extension Organization (AREEO), Karaj, Iran.
3- Associate Professor, Seed and Plant Registration and Certification Institute (SPCRI), Agricultural
Research, Education and Extension Organization (AREEO), Karaj, Iran.

khelghati50@gmail.com
Abstract

Unlike animals, plants do not have mobile defense cells and their immune systems are not
naturally capable of developing and adapting to pathogens. The innate immune system of plants
is very complex and organized in two important layers and extensively depends on signaling
pathways. Each layer is composed of many components, which timely play their roles, chemical
and physical barriers preventing pathogens or oxidative bursts, pathogen-related proteins, and
programmed cell death that induced after pathogen recognition are all parts of plant complicated
immune system. Transcriptome analysis of the plant pathogen interaction and listing
differentially expressed genes (DEGs) shed light on the plant complicated responses to
pathogens. The high throughput RNA-seq technology, developed after Next-generation
sequencing arrival, is of the most used techniques in DEG analysis. Here, the basics and steps of
the RNA-seq technique to study of the plant defense responses were summarized.

Keywords: Plant Immune System, Plant/Pathogen Interaction, RNA-seq, Paired end Reads,
DEG Analysis.
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