YO YV AN Jle /Y oyleds / FA W/ aLS slas lew

CoM Sl cou L3 egismy onispn 05 bl oK w)p
f.’:«f Jb 41.:.:*6 ‘;‘ﬁ)|jjé

TRANSCRIPTIONAL ANALYSIS OF RIBOSOMAL PROTEIN L3
(RPL3) GENES UNDER INFECTION OF FUSARIUM HEAD

BLIGHT IN WHEAT

Voo e Y o Y A
GJ”W}J[JL&“*\JMMWG 6ryﬁ|g@\.:&urt~u.‘>
A - Y. . . .

@ NS g 9 Ol By S

(\VQ°/Q/YTJj.g @)U 4\\'"*“‘/\‘/\/ C,Jl{)é @)U)

oS>

il s 03 51 ¢x§ sals s Fusarium graminearum Gl 5 ol 5 pem i ) 5 (DON) J gl g5 oSt (55
Esly masue ;3 RPL3 (glaacsl el )3 (glakad Sl i 50599 (RPL3) L3 os55m) cniisp #°S a1y 53 DON Jus oKl
5 b (LS, slaal Al 0o 55U ged & ol 0313 L RPL3 0aiS S sla M5 ooy 2 ool 03 0T 4 o glin sl
A gD RPL3 (sbls cl sy, rokaw 55 oddisbul Jlais! Sl it aseli (Gaod ol 31 ol Buda 3,0 5525 S pglis
Sumai3 3, e 0351 b 5 1560k B 4 0301 (Slaad 3 51 yglite oy .l P 3 Al i l5 8 S S5 Cos (B
5 S 40 RT-PCR (slad go31 . ploxil RNA 1 sl (S35l dm 5o, Cdr g aw oK Sl slaeb 45 oM 5 Frontana.
el pslie 5 ool L35l o O3 Gl S i) el 55 SpWS el (51 (B 5 A gl s poluans LSBT L ol jor oS
dry gl Cola YF (e 5 SUMAI3 o6 53 63 )1 1 4 o 03 T olS 55 03 Ol o 53 281 sal sty SLBI 25 8
Frontana o5, ,» S35 3 G 555 cmin Sl o3k 53 RPL3A 05 0l g 53 SR B b s e DL 1, (S T )

ASL G 0B, 3 Cuglie Sy 00 P s cn) Sl iE Kby Kl e

‘;'Sb uLeJ BY) PCR 4&}}}3} o:.fa"_gﬁ: 4J‘5ﬂ|}:3 g!"S‘ «$2 ‘c-\.f gf‘.ﬁJU}é C«a_}\a ‘5-'\:15 ‘_;Lmjl‘,

QKJS/N@L;‘“J Sooslis pl.o o805 ol sl sl 00 Ayl sl IS aeboLl 51 o
m-amir@nigeb.ac.ir : o s xS Coy (L3 J st ¥

OB S b e 5 (5350 p ke olSiils (35T sm 5 UL ool OLLskul 5 Ll bt S Gl (5 pmmils 5 4 )
Ol (Su8ld o 5 S5 pmitige o olKa g3 Sliskial 5 5L o5 5 4 Y

O 5 (5,5LaS Dlidos oSasl o0 Y

YO



YO YV AN Jl/ Y oyled / FA W/ alS sbas e

Harris & Gleddie 2001; ) sz iy, Gda
s T 51 esliul 4zl (Mitterbauer et al. 2004
s b s Baces Ladacs (pl s il i
(Mitterbauer et al. 2004) c_.| ¢35 DON b . 2s
NS et s a8 el Sladlas 3 S b
Jles 5o G sh Ay msiams Ceslie o5 5
Miller & Ewen ) ol s 5 Frontana o, > FHB
a5 5 (1997; Miller & Arnison 1986
oV 5a s 5 S Olse 4 RPL3 05 51 asly g
sl L la RPL3 Lol sl slgi s o slin
Bl a4 bS5 00 s S
AS 05 So s 4n 48 asee DS 5 5 e el
e 33atls] ades 51 Il OLalS s s, S
Nishi et al. 1993; ) - (Barakat et al. 2001)
(Lucyshyn et al. 2007) <=.x_:§ s (Mitterbauer 2001
el sis CL B s A S 05 s IS
St gla s alie b s a3 elnil Dlalles
oS 53 BLA ¢4 sls RPL3 « Ly CDNA
ot J 03 S s STl o3l 0L 0L
3 b ) e 55,5 cnl il A s
S5 (ol R O) b Ll 13 s ol
(Lucyshyn et al. 2007 : Sanjarian et al 2005) s,
Sose il b 0 el B Ol b ) )

ot 3 g gl 53 ek sl (Sas 4555 g
bl o (S3401 Jlesl Jlises 05 ol 31 (15 s
Ol Ll o b 5l e sl 561 o DON 4« s e slis
il ol 53 Gl b st Bl g laiets
by (S35l oy 5 S8 L0 (pl O o3 )
pslis oy 33 53 450 bl 35 F graminearum g8

.aﬁ)l;#»wwg)&}(o}uuujuadjfjlb.)

dodle
i o8 S olen (OB Jele oy Sedas
Fusarium .S (Fusarium Head Blight (FHB))H_{
S| (63 S 555G Lo AL s graminearum
G)l_; o=l a4y a5 (Deoxynivalenol (DON))J sdl 5
(Trichothecene) sLa o3 5SG 5 aiws Sl b o0 I 55
slaals G pae o5 (Bai et al. 2002) 12b B ¢ 5
= DUl 5 0Ll o sllaels BT OF w6341
< DON .(Chen et al. 2000) 5,115 . sl>
534S Cwla D pilS 5 55 S e s S Cailes
AU L 05,5 e 6 b 2,6 alisoben L)
Sl olS 53 Caaglas b las e bty 0L eIl
(Eudesetal. 2000) 5,5 o (s b s LS
S Olge @ ol gon DON & onslas sl ol ol
FHB Jolie 53 55 Gk 5 ol Soslie age ol ss
Fo S e S5 5 e ol ik e - e
PoS Ay am el Ll LS5 s (pis -
el (5l 5 by b g 5 0555
S 2 oS 5= L3 (Cundliffe et al. 1974)
Jedin I s bl 2 aS cal S
(Meskauskas et al. 2005) s s 0330 S35
slaasl e o e b oo edd ool lalllas
e 3 a3 S S eSS A ol
IS 5= 4 2w Saccharomyces servisiae
Gl alSRPLI) L3 5550y s 3l I and
(Fried & Warner 1981; Schultz & Friesen 1983)
Sl ns 48 Wlosls OLES (gday (la pwy b= e )3
o o 015 e RPL3 lacsl aenl JIg 55 glaais
2> dsdlss ST (65 S 5 A S Zaaslie 5
Caonnd 4 DON Jlas! Cmilos 3o b 31 6lS 5 ases

\



9538 555 SO Sl SR ey OKen 5 Slad

SBlw b 51l Blo 0 xw Jede L Sl eslazal L
2505 Slosh K Uspdlpm s K D0ty 5 0l
Chl e swlen oY Sl esliul L 5 Jd (g S s
A A 3 bdeS 5 Sbe sled v 2 O el s
o S Ol o 1 8 3550 O il g D (S
23 =l LS IS iy s win S ke
S A esbial 255 03U O il s (bl ol
T P O P JUNCN [ IR PP \x) ¥ cbale
Sl 4 4>y L .(Bernardo et al, 2007) . o5l
2 plis Eal oley o p S S il 8550
o=l 3 el baandS 0l 5L 5 ) ahis o al> e U
T sl O gl s b 2 kS LB51 S5ale 55 o
sl V0¥ Sl L 5 A s pen 43 F. graminearum
A Se Yo S Sy pl 4 S el 2 e
Sl S 050 i 2 55 Sy Sos b5 il e

(Bernardo et al. 2007) w3 S 555

RNA £l il 5 a5 31 (5l 5300
By 50 Sl i sed o g Soalaplll
Css Gl mtigad Gl S B S S S s
S el (3w a eagfl s glaali S5abe 51 1S
b A S ko Ol 5 S e
Sloyon sbar ( SIS oy ol YY 53 (15 a5 55
s (Jals) e O 5 5 senl Lol 03 1 (glads o5 5
Sl Sl ph g0l i 5 e 4 .28 5 D)0 o5
Sl S5 sV .28 8 el 555 ke 5 5 4 Sl g
Cb 8 S go ST 55 (ls i sed ¢ Jas S5 (5 aS
bl 533 e RNA w25 51 6,8 5 6l
0303 Laas yod oS 5l Laabi 00 1 Sl day akoily

&;—:S JL«J); J::J RNA C‘J?wd\ A eals .)‘_)’; @lﬁ &:J‘)‘

Yv

IR I

P ol

(Triticum aestivum L.) oL oS 3l s o6l anlllas ool 5
5 (pslis Te) Frontana (e lis) SUmai3 slals «
Bl Oy gons placis; o Pl o (elas) oL
S S OB S Al e (55058 Slides oSasl s
L o0 slacins, G o) A Culs Luld
Yoasga bbb gb g5 5 e slufe 5 ¢

...«\.;::fL?Q‘ Sd D g e e

B, (o yan Siube s g6 ) gl O el g 4
F. graminearum g8 Al sl il s 45
oISl S Aol 5 5958 055 3 ek 4
ok o3 S 15 eslinal 5,50 OB S (95,5l o 5le
DST 55,28 s S ams (S35 k0 3550
(ot g 05lae 1Y) (PDA) (Potato Dextrose Agar)
a3 YO 5L STl 050 5 A Sl S 2S5 1)
Féjﬁm&wbj\m.xﬁwb)\} N
oS LS 53y o, S VIO Ly | S Jams e
V0o glap ol 8sos s olS L3y o, S VIO Lol en
SLal ol 4 STl e VY0 5 A s (5 e
Jeize Sl a5 Lasdyl oS 515 e S
5 S eslial Ly (6 el 0,3 S s
3 g el So el 4 55 2 O e
Lacdol ops ot Jime bap ol 51 G 0 oS Jas
4% e s Lo, ol 5 ad olilig esie T L b
o YO sloes Ly yls S5 5L S0l () el
A el 8 aids js 53V Ve S 5ol S Sl

)LL:&YJ}AJ{“})J Lﬁuj)‘ Q})J@:&L&L&L\NQ? )\U’"ﬁ



YO YV AN Jl/ Y oyled / FA W/ alS sbas e

Lol 33,5 s CONA slad sai sles 51 ol g
g L3 bl PCR st Tubulin o sla S5kl
sl = RT-PCR sty oSaas sla tulesl ol
L Tubulin jsals o3 plodil 4 B s ARPL3 (slasss
58 el Olosan Hsb 4 ab s e ol gls ST
hslin 5 oy 3550 1) 38T U5 (55 ol J gt

SR

oS RT-PCR e sl

(Red-Time PCR) 315 0ls; ;5 PCR (sla iuls i
435 ol SYBR Green w5l 355 dow sas
Sl S polass) SHlel i s 5l sk oyl
053 sl sl 53 s eslizel RPL3B s RPL3A
sl (AB181991 . zus o5l L) Actin jlsals
Y Jsa) s S eslinad (alesl glaesls (g5ledle
D p3le 5 53 sl O3, Sty 3 S s S e
(Bio-Rad Laboratories) REST |, sls .= 5 iQ5
GLa0) Ol Ol 28 b (Rl 31 2slie aalws g
o=l s A eslenal il lasles 55 a2
Lol palld ol S 25 Js0 3 5118l 5
5 g o3l

[ ACT target(Control-Sample ACP
Ratio=  (Epager)™" 1% PO (Erer)
reft(Control-Sample)

sl Bas 05 AU s e b ol el
Sl 5 (B) 5l e s (sl iy STy 55 Olekily
MWML@@CMA}MUM_}Q(A)CELEM
3 STy Oledlly J 28 oS ol s e 4 355 0
Ol aS Sy 53 5 ol Sl 0 oYL Coanl
LY sde Sldle o s aloes Sl slagg o Lo 5

3 ged el oKl

4L RNX-Plus™ (Cinnagen, Tehran, Iran)
Ladsas lale nd (51,2 A ol o3l Loall s
)Jjj:"'};ﬁj}&:—“‘" .ij; Y W C\JPJM\ 6[.& RNA
L e k8,8 518 oLl s 5e e gl Y8 200 Job
Ssbams e 4 gl A RNA bl 0w 4 ax g
AMV Reverse Transcriptase . ;i 5 0ligo dT L s

3,8 CDNA oL 4 ol

Loy ol sl SH6T b
(B 5A)RPL3 slap au by oigla JIss 8 il
sl ST Ak Gl il o b5 slacals sl
LS La JIs ol sl s plaS a4 by o olians|
53 AY347527-AY 347536 o s slre b
e g Slea s S e SNCBI 03 L
s (DNASTAR, Inc.) MegAlign sl le

b Iy 5l 15 b Las Cas en (Bio-soft) Genedoc
o o ) b o eS a8 W bl b
obastl gl S5l a4 by e Sledbl il axils oa
L) Tubulin J,=8 05 gla S56T of ar 0 a0 ol
ods S &l Jsds 5o (TAUT6895 o nvs o jless

o

oS 4o RT-PCR oilaabeji
o> 5 L PCR el gl el gla cDNA
RPL3B RPL3A slaij 55 cgr ol S5LT
osliul Tubulin o5 4o Loy o sla S5LET et s
oS 4o PCR 3 LCDNA 1 eslizal | shaaey s S
Goloms 0Ll a5 cmulite glac3, b ads o
CDNA = 3l Cus ol 4 Odewy sl sl ails

Ll 5 ds S angs o/o) 50/00 o)) o/ slacs,

YA



9538 555 SO Sl SR ey OKen 5 Slad

53,8l 05 Ol gea Tubulin 03 sle S5LT 3By A g5 RPL3 (slad5 Oly (g oo 02Ul 5, 50 G ST Mg\ Jas

oS hes sla ey ploxs!

Table 1. Sequence of the primers used for expression analysis of RPL3 genes (A and B types) and the primers of
Tubulin housekeeping gene in semi-guantitative experiments
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Table 2. Characteristics of the primers used in Real-time PCR experiments
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Fig. 1. cDNA alignment of A- and B-type RPL3 homeologs of wheat. Differences in nucleotides are shown in

white boxes. Sequences used in forward primers are shown in green (for semi-quantitative experiments)
and red (for real-time experiments), and sequences used in reverse primers are shown in blue
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Fig. 2. Expression changes of RPL3A in Sumai3 during 1, 3 and 7 days after infection by Fusarium graminearum.
A) Resultsobtained from semi-quantitative analysis with respect to the target gene (lanes 1-7) and tubulin
gene (lanes 8-14); 1 and 8: uninfected samples, 2 and 9: inoculated samples 1 day after infection, 3 and 10:
mock-inoculated samples 1 day after infection, 4 and 11: inoculated samples 3 days after infection, 5 and
12: mock-inoculated samples 3 days after infection, 6 and 13: inoculated samples 7 days after infection, 7
and 14: mock-inoculated samples 7 days after infection, M: Mix Ladder (Fermentas). B) Results obtained
from expression profile analysis by real-time PCR
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Fig. 3. Expression changes of RPL3A in Frontana during 1, 3 and 7 days after infection by Fusarium
graminearum. A) Results obtained from semi-quantitative analysis with respect to the target gene (lanes 1-7)
and tubulin_gene (lanes 8-14); 1 and 8: uninfected samples, 2 and 9: inoculated samples 1 day after
infection, 3 and 10: mock-inoculated samples 1 day after infection, 4 and 11: inoculated samples 3 days
after infection, 5'and 12: mock-inoculated samples 3 days after infection, 6 and 13: inoculated samples 7
days after infection, 7 and 14: mock-inoculated samples 7 days after infection, M: Mix Ladder
(Fermentas). B) Results obtained from expression profile analysis by real-time PCR
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Fig. 4. Expression.changes of RPL3B in Sumai3 during 1, 3 and 7 days after infection by Fusarium graminearum.
A) Results obtained from semi-quantitative analysis with respect to the target gene (lanes 1-7) and tubulin
gene (lanes 8-14); 1 and 8: uninfected samples, 2 and 9: inoculated samples 1 day after infection, 3 and 10:
mock-inoculated samples 1 day after infection, 4 and 11: inoculated samples 3 days after infection, 5 and
12: mock-inoculated samples 3 days after infection, 6 and 13: inoculated samples 7 days after infection, 7
and 14: mock-inoculated samples 7 days after infection, M: Mix Ladder (Fermentas). B) Results obtained
from expression profile analysis by real-time PCR
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Fig. 5. Expression changes of RPL3B in Falat during 1, 3 and 7 days after infection by Fusarium graminearum.

A) Results obtained from semi-quantitative analysis with respect to the target gene (lanes 1-7) and tubulin

gene (lanes 8-14); 1 and 8: uninfected samples, 2 and 9: inoculated samples 1 day after infection, 3 and 10:

mock-inoculated samples 1 day after infection, 4 and 11: inoculated samples 3 days after infection, 5 and

12: mock-inoculated samples 3 days after infection, 6 and 13: inoculated samples 7 days after infection, 7

and 14: mock-inoculated samples 7 days after infection, M: Mix Ladder (Fermentas). B) Results obtained
from expression profile analysis by real-time PCR
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