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Effect of Pseudomonas flourescens FY32 bacteria on leaf proteome

pattern of rapeseed under salinity stress
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Table 1- ANOVA results of dry weight of Hyola308 cultivar inoculated with bacteria under salt stress conditions
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Figure 1- 2-D gel of protein patterns of Hyola308 leaves under normal conditions. Without bacteria (A) and with bacteria (B).
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Figure 2. 2-D gel of protein patterns of Hyola308 leaves under stress conditions. Without bacteria (A) and with bacteria (B).
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Table 2. Characterization of identified proteins under salinity stress and bacteria inoculation

ol plulis o5 oo
0. ple 0. Mwd T. pl° T. MWP Accession? - J:”;ﬁ ’
No. Identified Protein Spot No.
6/10 25/74 6/74 22 5689611 copper/zinc superoxide dismutase 1
6/45 28/75 66/15 24 33285914 Dehydroascorbate reductase 2
7175 42/28 8/38 40 92867789 Flavoprotein pyridine nucleotide 3
cytochrome
reductase
6/20 45/69 6/48 43 18420348 Fructose bisphosphate aldolase 4
5/41 18/65 5/53 16 421976742 Glotation S- trsnferase 5
5/75 39/45 6/11 35/60 15219721 Malate dehydrogenase 6
7/15 25/12 6/94 26/60 829289 Oxygen- evolving enhancer 2 7
5/55 36/74 5/92 35 152230324 Oxygen- evolving enhancer 8
proteinl- 2
7/62 17/80 9/71 14 1076373 photosystem Il oxygen-evolving 9
complex protein 2
6/10 35/40 6/78 37 49359169 Photosystem Il protein 10
7/95 21/32 8/24 20/20 406727 Ribulose-1,5-bisphosphate 11
carboxylase/oxygenase small

subunit

5 51/26 4/84 46/70 78100212 Ribulose-1,5- bisphosphate 12
carboxylase/oxygenase activase

alpha 2

716 23/50 8/80 20 11990897 Ribulose-1,5-bisphosphate 13
carboxylase/oxygenase small

subunit
6/09 30/45 7167 23 15226479 Triose-phosphate isomerase 14
5/68 19/50 5/37 17 4928472 Type 2 peroxiredoxin 15

a: Accession number in database NCBI, MASCOT, Tagldent - b: T. MW - ¢: T.pl - d: O. MW - e: O.pl
o S0 05510 o585 KUl ! 4 10 tg, 55 IS 50 035 1D TagldenttMASCOTNCBI (slaelKolosls 3 s iws ole 1@

s Sl alas e

gkl sl Ol wals 4 cd Ol Rals
S0 L;uwﬂ cdls LS 55 ROS Gl (gl s
Superoxide (SOD) o585 (slapss,y oo Ola.s]
LSl g SIS, s s 45 e dismutase
s Lt gl Sl 55 ls s S se 058

ujhérw):au&\ﬁss;&‘_;ucﬁf}jﬁ

Copper/Zinc Superoxide .5 4 by e ) oled &I
5 ROS suss )lge > fts slasy 5 < 5> dismutase

Ll a5 8L Dl aw a5 5 AL e S

Nsehe Yoo s lls o 680 (o 0ok
(et 28 V50 oo Wov (650 L8 5 s IS



https://dor.isc.ac/dor/20.1001.1.25885073.1397.7.2.8.9
http://gebsj.ir/article-1-277-en.html

[ Downloaded from gebs.ir on 2026-06-03 ]

[ DOR: 20.1001.1.25885073.1397.7.2.8.9 ]

0L 5 G oy

ROS oS lge 53 Jots slap S5, <3 oS trsnferase
Ll Ol Al Gl aw a s b e sl
s g5 « Glotation S- trsnferase o 31 <l )33l
Shad OpelbnsSty 5l Lol e SLS 5 05535
Slizie Koo b 0558 S5 Jes S S
A s SA e e 0l bS] 31 ol o
Malate 5, N asd a8 o UK | aaal SalS 5
5 St 53 S5 sl e > S dehydrogenase
03 5 A3l Ol a5 55 S sl 5 Al e Sl
Jts Sl oS Bl pl o dls Ol SRl e 4w ja
W5 5 kS s dbS |, LKoo bl S 4 L
Jalad oo bl (Sealis g3 il o3 5o osls f& (65
S il SV WS Caen 4 2 S1s
SESly B psle s Wl slad sk s Sl 53]
Aol s s e Sdls ki Ol 1565 ey
ollBss olie 5o Sl IS clale U s S b
SVl STy emd 3o ekd b Jole s ol

LSS bl M8 ST s 1 U35

Vooled a0 g s 53 5800 sty
sl 4w ,a 55 Oxygen- evolving enhancer 2 .5 5
e 55 SOk 03 S ol Sl Ol Al o
BN J"<“‘ SOl el sy edle ol 8 (PSID Y
Oxygen evolving (OEC) ;% SlasS L LUl G b
e Jols Ko ooslea )l sdge 5 55 complex
A3l o 05 SN Ul st 53 05| W5 (550 0!
Oxygen- 55, A oyl asI .(Sun et al., 2006)
2 656 sl s evolving enhancer proteinl- 2
22 680 L La s Ol RIS Ol kil
Sl s Ol RIS ()pd A L Ll
Og Slp 1y ST OspldenSt oMlr S5 oo (xS0

O sl ¢l p’\! Lyl 5 o g esls Al IS

Lol (S G &S Opoder LSl lad S
oo a wls eyl ol ol Sl S e s
oS aie b 4 s Ol (Vs by ST o
(Vaidyanathan et b o 2alS o 5T ol cdlad sl
S n o bae ¥ookl & al., 2003)
Jes a5 s 5> S Dehydroascorbate reductase
sled aw a3 il e pljew 5 ROS oS les o
ISP P - P ICIDURCOIR P S PG WL P
e PO RV WUk Bp-So S-L 1| SPRGN b S g
Flavoprotein pyridine .55, ¥ o led & 5 05 (555
S5, e3> 45 cytochrome reductase nucleotide
GASL Dl 4w a3 b Sle 5 g 53 S50
bid 5 gopn S5 kil d e o 8L (usd A O
Auld s e cul ol ol RalS gk S
L pa S s 5 axdls gl 05 S JWl a2 > ek
5 Sl S5 S ol S s Sy ol S e el
(Zurbriggen et al 5,15 ,1,3 g kS e S50 lis s
2 GLAS Jeod 03 1) (nsp cnl A 2007)
e[ oS alyy sy g Alandls vge OLALS o
05, V) S Ll 4D ol 4 ey IS IS o
dom 5 555 Sl s (D e a5 o G SIS s S0
(Jiang and Deyholos .l asly jals 0y Sl &
Fructose bisphosphate aldolase .5 ,, ¢ 43 .2006)
53 kil e sl 5 St g 53 S GlaSs g &S
2> S T e s Dl G s 4w s
D o e ESly s ol Lud SIS

(D- fructose 16 olewd o -5 55558
olend gl WSeyds (s> 4 |, bisphosphate)
- dad IS — D (Dihydroxyaceton phosphate)
2S5 MF 5 e B 5 3,5 US| Sl
Glotation S- 0 ol a3 .(Moller 2001) sl suge

\yay ul.«.m.o)g).ul.; 1Y O)Ln.& /M 090 /w) ‘sﬁwlij (WIS -



https://dor.isc.ac/dor/20.1001.1.25885073.1397.7.2.8.9
http://gebsj.ir/article-1-277-en.html

[ Downloaded from gebs.ir on 2026-06-03 ]

[ DOR: 20.1001.1.25885073.1397.7.2.8.9 ]

O 5 G oy

g il 4 sl sl ‘_g.“- Sogi =5 4S das e
Sl Y e g oSS 5 OS] sl ey,
dL«.l;—‘)L@gﬁngﬁ)J ‘)deib‘ﬁ"\ﬁ:&)b‘;];ug”‘;
QJ?Q'LJ\.S Q,S)L:..a ‘_;)},Lw ﬁ)v\; gfjﬂ DL .3)\.)
e RS G5 A o i LS SO 58
‘)\ a); U‘i‘ J‘J‘j‘e ASJJJJS ULJ\J? gb&*ﬁ}jﬂ.ﬁuﬁ
JKJL:; S cals Sl goen 5w cMLi p sy
Jots s s, Sos 3l .(Komatsu and Tanaka 2004)
Riose-phosphate (gla 55,0 V& oS 5lay ot g o
Oly 58l Jlad aw 8 5 8 WL e (TIM) isomerase
BT IS IGI FRLING, PP L N 3o, P P I EO et
D- kb Las o5 5 ey Sad SIS (“.-J"I &
S » Jos DHAP 5 Phosphate glyceraldehde-3-
SRS oz o s bobday S ey 5 Jolew

Lﬁi’-L"’L“":’ ‘_gLﬁwf\;j_).:w)JTlM Lﬂsﬁf .J)\J )}A,a;-

S 9 Lf<‘:"- e o Cj L5L€§)" 6}5};{ BERE R
TIM .55, (Hosseini Salekdeh et al., 2002b) . )15
Tl son Ol ot O Sldlee S s s
kﬂ:")ﬁ U‘i‘j':’ éﬁ.}- U’:;;;)" 42.\}‘ A ‘-;iLvJLm;J [
Sl ol by LRl s el Gty A5 Jess o

(¥ JX) (Riccardi et al., 1998) ol o

LSy 53 oSag ol SSleas (AL L S
L s S Ss gliey cldls IS
oy &S agsm s .(Jacobs et al., 2000) s43 .
AL L RS s st S Ce S ey
03 5l ol &S sl Ol rl?u'\ 145 53 b 90 93 o
(Kumara et al., s,ls ols il58l g SUL L C,AL Lyl
Photosystem 1l oxygen- .5, 4 ojled I 2003)
oalS G sleg 4w ,a 53 evolving complex protein 2
Ribulose-1,5- 55, YW V) osled & cils Ol
bisphosphate carboxylase/oxygenase small subunit
Ol Bl A5 0o sl 25 53 (6L Dlad s oS ol
A (syd ks 8 bl s s 6 8L s s
Ribulose-1,5- bisphosphate .55, VY & .cils Ol
4. a 4> carboxylase/oxygenase activase alpha 2
(Ribulose- Rubisco (’iij oy Ol S G les
93 lyls 1,5-bisphosphate carboxylase/oxygenase)
Sl s 53 sl e 5o 5 00 2 Ses g5
535 (S & 2 53) Gyt s (S Sl m 3Lam
(Vaidyanathan et al., 2003) .S o &S & (55 S
Gogd 55 b 55 IS 09555 55, oS lel 5o
odalio ld ploil Iy wlsag3sm 5L L =il
OLES Ol 2alS (6550 25 gl i s o 5l ol 8 s S
G S Oly fals (58U L olS il s 48 das e
ol Cu ol (Kumara et al., 2003) Jas o OLL



https://dor.isc.ac/dor/20.1001.1.25885073.1397.7.2.8.9
http://gebsj.ir/article-1-277-en.html

[ Downloaded from gebs.ir on 2026-06-03 ]

[ DOR: 20.1001.1.25885073.1397.7.2.8.9 ]

0L 5 G oy

L and fl jeds

| IEg

O s 300 5085
AL+ i

B Lo 300500
FEEL

dals o Cund 'u)uﬁsru}“m&uuéuwﬁ,ﬁ(U:ALsgu;l}_él) Ol Ol ses =¥ S

Figure 3- Proteins with quantitative ratio in all treatments compared to normal conditions (up- and down-regulated ratio)
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Figure 4- Proteins with quantitative ratio in salinity treatments (with and w/o bacteria) compared to normal conditions (up- and
down-regulated ratio)
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Abstract

The ability of endophyte bacteria Pseudomonas flourescens FY32 in growth improving and
increasing the resistance of rapeseed to salinity stress, through proteomic approach was
investigated. This research was arranged in a factorial experiment on the basis of
completely randomized design with four replications in hydroponic culture system. First
factor was inoculation with bacteria and non- inoculation and the second factor was salinity
stress in two levels (0 and 300 NaCl mM). The results showed that the effects of salinity
stress, bacteria inoculation and canola cultivars were significant for dry weight, shoot and
root (P< 0.01). The highest weight was related to the control and the lowest to severe stress.
Inoculated plants had also the highest dry weight comparing to non-inoculated plants that
indicates the positive effect of bacterial inoculation on canola in reducing the negative
effects of salinity stress. Protein pattern of leaf tissue was determined by 2 dimensional
electrophoresis. After scanning, second dimensional gels were analyzed through PD-quest
software, then quality and quantity of protein expression in different treatment was
compared. A total of 15 spots were significantly changed. Among them, four spots were
related to oxidative stress, four spots were involved in metabolism pathway and seven spots
were related to photosynthesis. Based on the comparison between bacteria and control gels
under both stressed and non-stressed environments, the bacteria increased the tolerance of
the plant under salinity stress.
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