[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

VAN (63 5 55T P o)lad Al ( aLS 5 SIS 5l B

(Lolium perenne) allu L ooex i 65 32 Sy rSKns g hby s amlas

S:-' fav = -

| 2R . Y. . Y\ L . A . .
uL_gLn.é.:\.gJﬁj Ogﬁ}rulqﬁ)u\wc JJ\.:—J»M‘JUJWJWU
cCJULu C)u‘}c,&b_) a};f ;JJSJ.@.:: QK:J‘J ‘L;)jtéc,.w“j a.&.ﬁ.ﬁjj; c)ﬁ;@.ﬁ: aJSJ@.J: eK.i'.J\) ;r)l.ﬁ oA ls 4de.~«CM..«v) ejjf‘

QL@.A...&' 4OW‘ AK...:.;.‘J 4(’}1.9 am‘) ;&::.:j k):aui ;QW\ LQLW\ W aK..i.’:'b gé))_}h:.s a.,\.,<..i.;‘é
QLVVERY) L S PP AP L LYV AN PR

oS>

L5 o bl 4 (S s Oly ilise Slidow guls 3 ol DLLS 5 Shos s alS ol sladag 5 (K (S5 5
o 03 e LIl 5SS s patde J1 opl (K8 bl as Gl Olse e bai S s ) (S5 A5 4 e
SLoSsn by SeagSyp Hal, 51 eslital b 5T nl 55 ol Seng8s IUT (K3 4 Caglie I g0 (5la puilSo
LSt J;.Laji 5 Sl Sals Cfb AU s Gudow . AS w p Lolium perenne o 655 53 S, s Ko AT B
s TAY 5 IS e 53 3 (S S5 5 (g6 gl 05) Speedy 5 (Calisll £, 4 0341) 810 i g5 ;556 45 b
52890 b 5 As gl el S 5l OwTCA gy el JS o8sp 1l 55 bopSspy plald gl ad plsil Cosb,
AL 5 Bas plald o b Sl oslital b Loty p 3 plvl Sals JS gl slagnSyp s5luldx SDS-PAGE
drs g5 b gl 50 oy o o 55 ey o R S gt b e slaey B o SES A 4 el plulp e g8
Sl i ol sty B b e pen WLd NS o Syn 1y (K25 s 5 bl 5ty O ol oLl s slady, 4K
S b o 55 53 0S| g 5 SRS o ity Bl a5 YL oS S o Sl )3 5 0 Oljee olS (5855550 5 erdise
L g Joo ilizee sladyl p aih (pl il gl oS b G 85 on) s LI 8 G55 e pilie 5 0 S b 5o ZLU L

el 035 30l 55 L 5T c2dlsals Jlad g (Bl (slapaSs p bl 5l pimmen Subls 45 I 5 Ly

ollles =0 .(Clay, 1990; Clay and Schardl, 2002) 4o dle
53 e Bl e Sl L e ses Sl ool DL Sz b Olse Goms e lisle Gl S 51 (ol
Al andls b s e GLAS 4 el S sl e Slalad 53 45 ol a8 ) ol il s Bt
Clay and Schardl, 2002; Marquez et al., 2007; ) S5 pelcalls &y son OLS lsa slaelll Jyh
Leuchtmann et al., 2014; Yin et al., 2014; Mirzahossini LS o oslial oS Lawyi sdi) 5 10E slse 5l 5 AS e

ol 3t SIS (p Sege 5l S (et al, 2015

Ishabani@gmail.com : S5 mS Cay 5L 0 ame 0kins 5°


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WA Jlo M ojled A il aLE 5 S, 5 i b "

35 COp Ll rals Gl by, Oddar (al, 2012
Cule L3 S Ll AL g Sl by 555 0
Wilkinson and ) s5i e oS a3l Sl Csb
S 53 CO, 515 w5, 0L > _ials (Davies, 2002
iz Gk 31 ROS 05uS| J b S Ay sl
S L bl sl i e ole
Ha0 ) a5 o cnmel Cilisos o (glad 5050 40 5 dans o
Cilzres glaoly 516 S e 56 OLLS (et al., 2015
02 S 1y ity oplple s JialS |, ROS Wy
S S Al Ll Ll St (g b gla ST
S o ol 3 1) IS IS Glam 3T L 5 S
Lo Ok o3 L Slhew OLlS s a5 hll s
OMie 3 adaSs 3 L1 i 4 e a5 A5 e 3 g e
L Ssbe olhugogn bapnlis,y ol osde oo
=23ew 1, ROS aile Dowwl ole 5 a8 s
S ol ol e sk chibe gl S e
53 B des OeST 5T sla 5T 51 et G115 OlalS
335 25 SLROS (VU slis ol adasl 3 L 25 Ol
(CAT) VLS «(SOD) b yemss deSlosw ol
Marquez ) (APX) ;luwsS!, &b, Sl 5 (POD) laeS!
.(et al., 2007; Rosa et al., 2009; Sugawara et al., 2009
ABA  Bse Shal Bl 4 el 3 Sz b sk Sl S
dsn Jls wlaans e sanl ol (Gyel oS
Lt Coolad Laim 3 e L5045 Aited Lati3 5 ol IS
Bhushan et ) s,ls e 55 ol s 55 e il e s
Wils Bl aeedlSe b o s okl 5 (al., 2007
b O & Caslie (HSP) 51> Sps lacnsis g ¢lsl
(Timperio et al., 2008) Las o 53l
S0y cHld lp gaai Ll WS
ol s & e S RELI RGNV A Y on'.AbC'iwLé
s a Zaslie 3 e IS Gl Sy A4S 5 WS
S DA e adlas ool 5l G S e eslinad

bkl =06 o301 55 50 s N Sis

G e SRS 1) oS W s e s A, S
315 513 55l G 3 Lslite o (6 sy gla ol S
GV 55 45 el (Lolium perenne) dlutz o S <l
el el il gl sl Sny o5 SK5dshse
Slie Ll &S ol (YY) 0L 5 Yu b Ll
b St a5 &S Lo 1 3550 Ay B ool T (3L
s (YerY) Turgeon 5 (V4A0) Norris .aas o suly
el S 4l e 08 Sl S 6l Ldiias
Lo e o L soc Epichloe festucae var. lolii gl Y
ol ek Gl ool 3um s o e 5 353 e bl
a3 5038 Jami |y S 5 Jal 3 Kl g olS
A pladul b alen L1 Olss olS g Wy 5 a3 0
oS T Lalsy g el (5 pemd LS5l slad ploee 2ol
35 5 S| BT bl 5 s o s oKy VL LIS
dals Sldlas js Ko ol s cle S5 v..la P
Al > gl onl (Dastogeer and Wylie, 2017) qzos
o5 g8 b Ol B (el sl g g Je ala, U
o> 5 (Assuero et al., 2006; Crush et al., 2004) o> S &
dhanlyay (St Jomd spg Al s sdalyd als 1S
Hall et al., 2014; Tian et al., ) .l sais 1,1 culo sl
Ghatak ;15 L.l .(2015; Malinowski et al., 2009
o5kl s s blS &S BesSe (YY) OLes 5
Sl =) s Shs de gl s e sl S
Ll 5 el Sl S S5 IS 05 S e b ol (S
SIS L S s <Y apd A s o
Jos Y O e 5 oS b 5l O sl
eS| 5T B 5 (gl i L (K2
A S Il e 5o DS Sl
s by (ABA) ol Sl 050558 558 £S5 0
oals Ul ol slacand plo 4 5 258 0 A5 ey,
Lils gladsle 4 ABA .(Endo et al, 2008) s, .
CES ek s dxde WAy, Oldane el s Jas

Kanno et ) das o 2alS |, LS 5 b 5l of oracils


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

Wl ke e g5 90 S S gSn Jil g e lie

SPHETT8 L Sl o SIS Y 55 b e Sle VA Gas
Yo S o) G g e ) g \VARS)] v&,&ﬁ\ ol
Sey Vol iSO (s Wbl Sl edew s 35S Aoy
Sles b a8 ol alad b Sl il 5l
Delta- T ) TDR olSaus alen sy oS St zsb, alss o
o As (g, Seslul (moisture meter Cambridge-England
Gl Sde ol b s Gy 85T dep TAY 350
L LOIS Glas Jhsl gl .ol aslsl J 8 sboluls
Slp oo S Kl i 05 5 50 4 Golal oo
JAS Olpen K3 055 5 (o] o) Ko 5 ke
Lot oo 355 Sagby TAY s 4 OIS &S L
sl 31 dw S5 8 i e ol «ol 2d Jus 00 550
S ols gl gad (A28 dsb ol K IS 3 &) (S les
A osls JUEsl A 5 5 a5 s plel S
boolS S il Sl e Sike Ve ioisn gl Sl
4 e el e 3 e Ry S Osbe D3 mbe O35 %8
0.07 5 10% TCA WIV (s3> a5 o Jo V/0 slass
ooles (Yang et al,, 2015) Ll esls Jlas! Lsy DTT
St s A sl 5l 8 Sl s =Y s cs S
Sles 53 423510 (gl adds 5o e WWhre 3ol (0008
aw PBlas Sy e NS S Sl oS Sle as s 8
a=,3 =Y+ 5 0.07% DTT wiv gsl= Ol L ad e
23 ol bl and aids Yol ol S sl
e bogles 53 oagds Vool a3y g s NV
3 5 s St U1 slos 53 oy i Sk 5l 518 sl
4 ool sty Jgle s > SDS wses 3L 2 e )
o3ls H 3 cele gl BUI los 5o 5 A S5,
Eosles 5ards Vv (gl agds oo e VErvre 3 e S
S Jol s 5B s Sa gl oS Sl ax s
Wl S Sl am s b sles o s A eals JWl i sl
0 ol oS b s ol Il S ol
05 53 5 Gslbes az b SDS-PAGE 55 5l s
Raorane et al., ) . Cl?u.\ Resolving 10% , Stacking 5%

Gl 03 e Slagntisn plelid 5 el bl 0
ol b eslanal .l oS 555 5 5Kl Sl eslanad U A 4
Cgr ol o Kl 0 s claesls SLS 55 Sledb|

Al alin OlalS 5 olS ol ps (Sis s 258

o490 939
CAIS 3 IS w130 58 ST S )y G ol
el AV=T gladle 3 5 S el o8l ey
b oSt bl 5 aslas SLl 2 b LB s Gk
(Cglbos il Z)B gl 5 i L) LS 55 58U
el oy s YA 5 RS e 5o 5o (Si AT
5 s bl Lolium prenne olS 51 355 g LA
.(G,G Oss) Speedy 5 (b sl gl L G 3on) S10
L bl o S 55 1 83 Ols Sl s 55 o
o Sl e el pll bl T ) S s
03 g edd esly el sl S 4 Cueslas
aiie 53 (glaspe 51 OIS O poas las 55 1740 ole e
YY LLla o oe gls) Olgtol sbicins Ol g S, )
YW o5 ey 0V ol e Jsb 5 Jled ai3s YY 5 ax s
Lo bos e 510 VW s il L 5,0 adds
esate O35 3 V0 andl b ) - ey S 23l
St Sl b (o e Sla 0 S V08 Sl (5,00
> S 4 o5l R SIS @ OIS a s axg Yot
Ly A8 Lae 5o ole )V deas OS5 S I Jlas
o8 oyampde b e 5l Olabl gl 5 Al 2SS
(VAAA) OLea 5 Saha 2, 5l bgss s oyl
o e Ll A b by (ol pele ¥ospas s eslanad
a3 YEVA 5 5o, ol 8 mle ams YERY gles 5 JulS
L (S S8 s =T o by 5 e ol S sl
Voolls LYYV ol fU L oS L L s lais
A Sl de s S Blsl oS S a2 s f‘ff
SISV 53 5 el My YeoT sltad OIS ) olus

5 el VTl JlE e il Ve alas B L (Sl


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WA Jlo M ojled A il aLE 5 S, 5 i b A

Ly bl i 5l s oS S el (S5
Multi Fxperiment  i5le 5 51 eslizal L student T-test
A% plil P<0.05 <lans > Viewer (MEV)

o]
Dlad o me 53 atis 9> 35d> L.operenne g5 s
Lol o dol Sle pl 3 s el 13 S
adlas 5 OIS Cush, loss Av s il
Slis Sl o Cussdons Ll 5 oS sls 0L 3
2GS e oslan CB el S B a8
AT L ORI s ol i ks 4 sl
S5 V0 sluss Speedy 5 S10 gla s 55 Ko 555
DSl o oS e b gLl gl
Lds (5,liKL static proteome s S ks Oli i (ol
« S10 5 Speedy 555 s> > static la s, sl
03 S gl sl (WIKE) 55 VAY 5 AL (S5
Speedy s 55 Sl gae OLijlMas a8 i 0 Ol
9V CS e sl ol 5l s e 44 5 £ (5 4 S10
LA edss Speedy 5 S10 slacs 555 55 s oS, Ve
S s s bl S gt s (0 CS)
S 55 50 LA jasle new oL L5 Lus b
S oDy s sl s A 5TV 5 54 S10 5 Speedy
sS4 Lus (Disappear) b Sis skl s s
Ol SRl L pe 45 lacnSs s slas 50 VY 5 8)
SANY JKE) Lo s YV 5 TEY LS Sa Lsls Ol
bin sl aheds c s wlal (63 Sas gtuan s (B
31 eslewsl L5 Mapman ontology dews 5 eds
el 63 eSS Brachypodium imapping L

0 eddat b slan sy 6o Ses s S o
VUK s SaS and Sl G385 53 L3 I a8 Ll
sl J, (Speedy 5S10 slacs 55 o 5w A 5B
YOS ad ey (S 5 0l s baptis o (ol

)‘ 1.0 S gl (Speedy%fj F B E 9 S10 gf.::j;j D E) C

Waed p aiisp blse (J RS L alie 5o jles sladi s
05 dol= 5,ee glawl .us Ll stacking 5% J5 s
3 A S Jgde gla 55, s> o5 stacking Jj
Lo 53l S5 sk Sl oS S5 L s g sk (S
> e 53 J5 sy 3 e 3l - 5 (Neuhoff et al., 1988)
A ealaad A
SSsn sl esls JUT 5 (e (5 e Kl
ebul.ﬂll.g) LS Jﬂ"\": 5B) Solalad 4 Jj S )‘ o.)plo.)\.iﬂ
SrSolas 23S g Wl ear e s
<, 5~ (Rappsilber et al., 2007) Joall)sws L Laazy
LTQ Lepr kb 5l sslizal L LC/IMS LT .23 8
(Thermo Fisher Scientific, Bremen, Germany) Orbitrap
Eksigent 2D ) HPLC 3l S5y S oSaws L el
Sl Yooossus- CLI8 O 4 jg=e  (nanoflow

Reprosil-Pur 120 C-18-AQ, 3 pum (Dr. Maisch,)
A el (Ammerbuch, Germany)

Max Quant ,33ls 3 3l e3lizal L MS el (slassls BAlH]
S5 oL Llis 5 (Cox and Mann, 2008) (v. 1.5.3.30)
rl;a\ UniProt .l 5 54 40 Brachypodium distachyon
3 S S 53 pp Sl Ao ) oldl B8 Ol
Lo bees S LT s Jlsl oz, Jlyes
gl » (Tyanova et al., 2016) .3 (‘L?"’\ Perseus J\}élvf'
Glacans s eslizal trtest ool Ggesl 51 bl SIUT
aw 1092 (Sle 5 s Las 1092 &y son sdidle
Sl eSS pvalue b ola S colg 5o A Al 1SS
A3 /0 LV/0 5 S L VG S e Ol e 5 0/ 0
Ll an S
Sl s 53 Sengtisy Slaesls (K3l piil g 5L
Sluaih pmes i gl ppal STl e b
version ) Mapman Ssle s sl eslinnl b la s 5 63 SNas

3.6.0 RC1, downloaded from http:// mapman. gabipd.
A rl?d\ (org /web Site

DS a5 S5 LSS e b gulel T el 56T


http://mapman.gabipd.org/web
http://mapman.gabipd.org/web
https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

A ...db.&:m%ﬁjjbgﬁm_ﬁjﬁ&\éjxww

S10

» static = new wdisappear »up w»down

(A)
Speedy
(B)
300
200
100
# On (New)
S 0 . # Up-regulated
i ® O {Disappeared
z -100 8 Down-regulsted
200 -+
300

Speedy s10

(©)
7= S e 3
v/’/
"/ ‘\\
f \
{ { |
" 24.0 16.0 140.0
| —r 1Y
‘,\\ /’I‘l'
® Speedy b S
® 510

9510 %\,33‘9.\).\ Aﬁhﬁcﬁ ‘SL“C,'.‘.SJJ‘.’, >ldas .(A)Speedy‘,SIO ‘5\.&;(:3‘,35); ‘:‘iu:“‘:*."c""'.’,)’ &5‘-"-’5‘9)1 C)|}_.:"u’—\ Jﬁ

(C) Sis i Ll o 5o addlas 5,00 oS 835 95 53 w2 3580 GBS ST ¢|J§lg: (B) i s Jayl s s Speedy

SIple o e 53 LS55 A 3 edda bl gl
Sl S Glagely s S b 5 ¢SS
el s a3l 0L § K 5 izl
o Sas ik s S5 5 L ok i Ol
Sl yess 5 Solie L85 50 O S35 5 S e slie
Speedy 555 sl OLaS Ly o Slsl 5 eddedalie
sl r el 2l sl | e bl
P s 3de s34 pamie SlaieS sy sleS G 5
JUsl om0 ETC Glajmes 05 555 Lo, ol
CHO 5 S (S &) TCA (0,

sl S10 5 55 5> .5 5 Major and minor metabolism

Dl s s S s 5l S 3 4 e slagnSs s

s S 15 63 Shes 058 50 50 S e slagts
(YA 5B JS0) 8550 sl 550 5 008 )
otisn datisn 3,Ses glaes S e 53 LE
Ol Jo cdzals Sl pme Ol oss 25 Loyl 5 j5 &S sy
(YC 3D E F K 55 Ssline 585 33 55 Ol s
Olijlie b 5 Loy new 25 Ol o oS oS,
sy 63, Shee slaos S aes 53 LB sy adl i
Secondary 5 Hormone 5 S > S10 s #5 adl Ll
Ol 1y sl sl 20580 3 lude oS 255 metabolism
A 2o ST 5t 8 2l e LT ol
35 o gy 5 (S ple Gls e S is A 515

jl&féuofﬁdﬁdlﬂéuﬁ‘}a}@b%}jj


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WA Jl MY oled A M aLE 5 5,18 5 T B Vs

= carbon and energy metabolism = lipid metabolism transport

» redox = stress = N and amino acid metabolism
n cell wall = DNA/RNA = Hormone metabolism

= protein = secondary metabolism = not assigned

= cell/signaling/development Misecellaneous enzyme families » other

M@jjB}A .(B s D F) Speedy 5 (A 5 C (E) S10 ‘_;LM;..;‘,S; 5 sl ‘_;l.a&.;.‘.?,ﬁw‘_;yiw @3_,3 -Y JS.:
}‘dsgﬁhﬁjﬁF_’Emg &'jﬁ‘uﬁﬁ%‘fﬁ PL )‘A&A,ES}‘AS&\A‘J;}AD}CJFS I B IR RPLEA TR ‘5\.&‘_’:3‘9#
Al el Of 2 bl s s lade


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

VA Jb»m'uy)‘p&j‘f&nr‘gﬁdab‘gjww

(A)

et ababing Sow - L)

NG

(B)

"

(el 150 3 bli (B) Speedy 5 (A) S10 slacs 55 55 Ol i bl e 55 (S ple s s 5 MAPMAN IS lei ¥ S

s o LI J S b dmslie 55 1) OF 35 Tl 45 uiisp oldie 55 il ol B 5 i Osds it bIE


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WA Jl MY oled A M aLE 5 5,18 5 T B vY

l.. )

- 0 BT \:"{ i
(05 " AT Pathogen / pest attack
p
Recognition
R genes
Respiraton/Surst
Auxins
o [TII0
% grassmos{.
u S aBA Signaling
% S Ethylene Misc. functions
s [ED
5 T 4@ MAPK
£ % HSP
= s
5
-§ cell wall Transcription factors
E Beta glucanase
B .
3 photselss Defense genes
| R R
ERSISEREY ey G5
T
Ve o 2%

O SR o,

d +
4
~ Pathogen / pest attack

w
4

R genes

Auxins

:

E' gvassinost.
= T o
S apa Signaling
2 o
w2 =
g |E &
8 |T e MAPK
8
b s
=
o
'E Cell wall Transcnptmn factors
E Beta glucanase
"
E Proteolysis Defense genes
)

X Secondary
PR-proteins metabolites

Redox state

Glutathione-S-transferase
Signaling | ©
-3
5
® MAPK g
.ERF 5 g
pzp = | S
L] @ |3
S|le
.WRKY b= g
mys o |0
T8
DOF z | R
® | ®

Heat shock proteins
lary metaboltes

Respiraton/urst

Redox state

Glutathione-S-transferase
Signaling | ©
B
5
r MAPK g
.ERF - g
pzp S| Z
® w a
w =|Z
SV £|g
mye S |0
z(8
DOF 5|8
® 5%

Heat shock proteins

lary metabolites

bli (j2als 1563 b (B) Speedy 5 (A) S10 glacss 65 53 (Sis A5 Ll b 5 25 sl s 5) MAPMAN sl -8 S

MéwawdﬂsgAMG“LEAJQ|Jg.dijxh‘ﬁ)}&ﬂ}ﬁ)'@)é&'ﬁ"wibw;ﬁ&j&'-‘:.5.«!

S10 g_ﬁjjjj);é.i.;'-&;sqéﬂli); JM)@J.BA.!.JJ.Jﬁ

ETC)TCA ‘ugﬂ)uﬁ LS))" él.hul.S\j J’.‘SJ" uwﬂ}fi


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WAl ke 55 95 S S s Bl Al

BEN R Sl 03,8 ol 3 g edd Wl g
Sl aose e din S s (S 4 sy s Speedy o5
Yo .ol os down/disappear s o ol e il
o255, Speedy 5 555 > germin-like-proteins (GLP)
33 LS sdalie (g as S10 g5 s Ll ools Ol
universal , protein leucine Rich-Repeat family .5,
Gy b o> 85 s o stress protein (USP)
53 5 palas] b Speedy 5 5o Ll Sl Lol s S s
Ll iy 5 810 5

i &b 2 o Redox a5y, aib o
e g e Speedy S B 5 Al edos S nas
St a5 T Ao slny &S A eks 5w
23 (82 4 paie 1RUOX (55 455 s LS ] 5
s s IS 535 (S35 55 3T AL edalie S10 (5 55
w555 2wl ol s s S 8w S
S10 585 5 Jyals QLS 1, Al 1 jlads L 5l Speedy
Al e &b o

33 e e protein azl s edill Ol s s sl
Lo same aibs ol 3 Speedy o555 3 A sdaline o3 i
Lea) 51 plald 38w e (S e (e
S10 55 oo Mo ekl el b Sy Cda 5 Sy
e T I
s S Ko s b anslie 55 oS sl sdalis
6&&&» Loadal,y s cilsee 0lalS s (ool oolalas
Sz o s Sy ol B S e S 4 el
i 4 Coplie ol aslial cuglas Lgl.aa(....‘.gti» 5
Sl ol el SO e Cdo S
Sl o3l cnl 53 Wl (28 5 Cwslie gt slacnSs
el el

S Ul bkl 26 5 S e e
Slides 3 ol s alid gelcallas s jes

ETC 5 TCA s 4y b o slainis 31 (65 s
Lsls OLaS Sl ol s

lipid o> Shae 4z j5 a5 Sl 3y oS Sl
A g Dle S5 93 w2 ) metabolism
03 (S eS Sl as Ol 35 Speedy CS 85 s Ol oS
53 S S b s S Slass S edalie S10 S
95 O 5o A& edalis Nand amino acid metabolism 42l
G55 5 Ok Ol 5 adb pl 5o g sline LS 5
29510 3l i Speedy

e 59l Secondary metabolism 4zl s
e s p e Js o Adedys Speedy 55 00 58 4
A 0 S S Al edalie S10 S 55 s 608 @
Speedy 555 5 4S sp S e aib ) s L85 o
53 e3ls OLi malS jlade Loy 51810 s Jg s e W
oe! s, homogentisate farnesyltransferase .5, ol
s B55 5 g 52 5 ol bain 5 s s s 53 051
Sl s

S5 93 o Hormone metabolism «ib ;s ool o5
o> Speedy g s sy Doslite KA A 4 &b o2
U 93 45 Al plulid 58 4y pamis Sy 4w dib
auxin induced-regulated responsive (la- ., el
@b 5 e LA a5l S ey activated
Sl lslp S s nl &S s Gl eed sl
Loy s ABA 05058 e plie 03 S placntsn
3 e A odss Speedy .55 55 45 ol NCDE4
S SKes &b e Speedy _.555 > «5 <! NCDEL
0> by ol s e cal Al laae ks
Az plels 810 s 85

oo aad s S s el O ks s sl
S aa Speedy S8 s A elis S8 3 o
L:ﬁoul}lléL@jjlbyﬁéJbﬁ:}gw
585 s> sy stress abiotic heat ;s 8,5 slaS s,

S A odalie 35 4 e GlaS s 35se 53 5w S10


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WA Jlo M ojled A il aLE 5 S, 5 i b vi

Farahetal., ) sl a5 S ;5 ROS W 55 31 (5,8 5l
Slslp 5 eddedalin ol a5 .(2012; Chaves et al., 2002
23 1y i s3ledlas Speedy 555 sl Ol e s
S 5L e sl G s S e e s
Echevarria-Zomeno et al., ) ol paoie aulp S
o=l bl sl s e s addles ol s (2009
A edalie 35 Sew 5 alis 4 s S5 6um~ﬂ
Glucan water dikinase ali @i e slag 3l
slie b 5l 585 s> s s starch phosphorylase
e ST lapdanl Bl 55 sl ol i
OLE a5 5l el 3 Speedy s s5 5 anlid e
sdalie (6 ,uss up,éjﬁl 02 S10 Bl o sl
b el s edalie alasy b Ks S g s LS
5> el Sl 2alS e Sid Sl S e s
S5 ol b alilie sl oS G b Sl ety A3k oS
oLS 3 55 sy Ol K03 b 515 ls 655 4 5l
3B s 30 el sl oS el s el Bl alS
£ el 038 Jlab 25 L allie 53 S s (sl s
e fals 5 anulis 4 ped Aol aS e anlll 4 e 4
P e S 3l 55 3,555k Spen Ll e O
LY i s LT enil 3 el 5 wsliS 5T analis
e 03 dtes o (S 4 S plapts s S
w5 ETC TCA S8 Jae 3531 5 ldn s S
il slagy 5l .(Wang et al., 2014) &)ls cJss ATP
530l GUIS 5 A5 ode Jgb 5 St aney b s
3 F 0 s e b Slllas (S 53 (S Jens
oS Ll 5 o adi 5 Wilesls OLES 5 51 adal 3
Ol Gl 351 e b S yal Ol gy Lok mensd 6l 5
S 3T il 4l 53 A3l sk S iSy
23 #Us pts OASdld Obej 53 (655 4 Gl s A
.(Echevarria-Zomeno et al., 2009) ..l 5 ol 5
ol s s Cell wall el b L s o4 ey L

05l o dlie gl e sS l AS els il

v ool S SlS S el sds O 65 ol il
C)B Qj.,\.: QLALS L: ‘L..M.iuﬁ L .,b‘au\..:a C,.ibju\.;‘ 6LAGJU
Shls feips 5 ) sba s boablie o ol sl
9 u;u"u_g.b'\ G)G &\)‘J S10) L. L =T %ﬁj
(0 S 5 fely 5o (Speedy B 05l s
Sy 3 Bl e Dldlas &8 1 ol glaanl s
5 il eSS palS s Sis Joms slagg sl aul
™ C.ul.. 23 S5 IS5 L;uw&,, Sy 53 1y e Jils
S50 63, Ses lres S L ks b e )5 i
lipid Cell wall «carbon and energy metabolism :axlks
secondary (N and amino acid metabolism metabolism
Redox stress Hormone metabolism ametabolism
S8 &S aas olis wlg . Protein DNA/RNA.
Ji;SpeL:waJﬁQ,w\m\j:ﬁp;pG)Gd:mﬂM
Al S e
ab Sis s LS (_;Lav;_)ﬂ Sl anolas
S #5 03 Jas e OLis carbon and energy metabolism
Lo 31 51 (s 28 slaas 810 G355 b amglie > Speedy
03 S5 Sla s slaas 05 gl 3 V“‘Jul“ Llos S s
slpe Mg s o Bl S nl e o sl sty
J:”..'J o e Q\;‘ )‘ u.<.“v usﬁ)’}) Olddinn J:JJA.: J;’w};'ﬁ
35 IS s dals Lzl OF Jlsw opl ol ol Six
(Patro et al., 2014) 55 55 s 4 by e gy Dy,
Gtz 5l @l edais g o bl opl o
sedoheptulose-bisphosphatase  Jile vy 55 S5
Ll s a5 eualie Fructose-bisphosphate aldolase
Ol il 5 s s S s Sl s, 5l gslass
Dlde JLals o C.AL 03 3,575k Llg o bl pl L disls

Slp s s syl sl el


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

VoAl ko 55 95 S eSKee s Bl Al

b3 53 bdshe giaml @i LIS OF amiys 5 ondsz
Loy o shia (Cheng et al, 2016) >,5 o i3
w55 o GFA Gl e 5 e ddedalis o didl b
5 SEE AL elS el Sl da Bl (il s
Rl Sl Glagal SE (S ABA Lpesagd 5
S el s Bl plcdsanl (oS Oge e
1-pyrroline-5- sl el cnl sy S slag sl
Speedy 55 53 45 <l carboxylate dehydrogenase
ROt

Obe 13 7o Osds 5 20U bl Gl 8 e uls
03 .55 Sy B secondary metabolism il gl s 5
el sl (Sis 5w mel 5 2B Osk s
450 gl plis mamd 3 odd b s ol 51 (6 2o
Olals s elis e S Oaadled 5l glalis Ol gew
e A9 el o dike Gl Gl e e e 5 el
Lsls QLIS Sls gme S a5 Speedy 3 oS plag 5T AL
S #5 os dls s s S 5 ey S e s 2
T &S sdicailen by 5 semes 3l w3l G 0Ly L S10
oyl &J- 55 s, Homogentisate farnesyltransferase
e 3> w1 opl 3L Sl Speedy o5 s 5]
ol S lad s 5 S 5 s s

3 polie LS G5l o S il Slallas s
SLDS 45 Sl 0k jasiia sdd bl Sis 4 ole
b S 5 ol 00 olS Sl cbli= gl il
e ABA 050,58 4 ol 53 SIS o Wl cnl s o0
Nakashima and Yamaguchi-Shinozaki, ) Ll es S
b Gl 3 S 2 Aol Sl 050552 523 (2009
alas pl s A o L) S e conliol Jases Lol 2
S5 dal s s aS glacSs Sl S slawd Al edslis
3 8 ae wib s Glate W3S i A ) S
NCEDL s sdalie anlllan ol 53 i O3assh e sibio
U=l Speedy 555 53 ABA gy 3 sS wp

Jlesl LS s e 3 8 1) S1oui sdas iy St
L i I e ]
03 3 dome L o 535 (nl oS s OLAS il 5 oo Lagis
oy Slp al Lla B Wlesls sl A RS 4 A
5 S bis 1) 5t Slday S s s sl g5l
Slialis © a5 bl W 25 Jlyd 55 ol dewy cp
3 S by by ool G ol b
A g st K03 Cisl b oalie )3 S10 LS
SEF S G858 STy Sl (S e
oold e G ASL Sl o)l sre (I il
S AL Sl S22 i Bld s
SOl 8 LBl gl Olgen LS eSS
SKirycz ) das 2alS 1 J g O senelilydlins 5 OF Oslscas
.(and Inze, 2010

Lls Ibts s el 53 &S lacSs Obe
S35 D SLdpid 5 Ll ey & 05 e
Speedy 555 L elidleel Six A5 Lla s
L e.,\.,;mla.g))e <.§L“¢-i;'j slaas usls olis ksl 3
bl g e oo ol o3 eddelasl b slag s
P e e i (S5 4 Caslis 53 e b
4 S e S10 Coss o sl anily oS s Sl
S s 5 A edalie aib opl slamsl s e b
S S e bg e a5 il Rl o

aS ol ol enly QLS Calies Sl 5 Sldlas s
A sladhe s 1 sl gladeal gl Jlie S 1
Jdsas Llg e a5 ol (Pandey et al., 2012) das o oS
Sl 3131 o 5 allsar b s bapnSs e SRl
Llodd Bl 355 b s bl el jmngn 53 S5
mhaast .(Guo et al., 2008; Gadaleta et al., 2011)
v.W“Jﬁl:,a 23 Sy Sl s il odal Cewday
b3S s opsle 5 sse ikl Sladen sl
sl 3 A salis Speedy 555 53 Ols e il s

e ol LS e Sl S gzl gyl


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WA Jlo M ojled A il aLE 5 S, 5 i b Al

L dls cdbs S ss, r,.:ﬁﬁk:.a 33 ASOJ”LAV.U.}T P R
e S35 3 ian S 5 a5l LS
o ah e M ROS Comdy ol 03 O Sl e
SLLS by cel SUls W glackle 55 ROS
Rosa et al., ) dwas o Jflpl | oediS oo SL lan i
s edadled a5l slaws s 3T i oul 3 (2009
03 a5 ekd s 5 la T alaes ) iy (Ko A
Ol Gl Slde Sl 51 s & 2B Ol 55
Ly bl 52 b ool oS sty LTl
Sler b Ol 55 5o onl w03 S50 e plie @
sdy> SPEEdY 55 53 35 4 e slbelsl s 4
s> (535 4 pamie mpl sl 3 S10 (55 s A
28 05k G5 53 SUS3, S5 w il Ayl L
el A ol 3 28 Bbls G o3 Js Ad el b
mﬁ;:\; S10 55 ,» superoxide dismutase (Cu-Zn)
Sl Sl 2B Ol Glacs s e e e Al
Slap sl 5 S s oslizad z8 by ol 5l S5
ROS 0fse ezl 5,8 o JlSa 1) (5 stiSos SL
B bls w55 Sl i 208 Oy 585 o eld S
Pl A 35 sk (3b stan Lo (sl cnl ol 5 03
Llos S e 1 6 i
0 edd plabs gy (oo Shas mIF e S
slecls Jy sy wlie CS8) 9 s xS
Lyl 53 g 85 Sen g5 0 LT s Ole 3 (ST
534S sl Olas WSas LT s ey SEx S
LoSsn &r SlA o8 00 00 S i bl
2L 5A s S el (ke ol sy 0 oS
S ehs Ll DI ek s bl gl o e
Lol ad edalin bl opl s asl olil IS b

D31 358me 7B Ll S 5 A e

&S 4o

i &S a5 s Cailes g S oS Oley e

S OLES 1 (6 et 5 s ol s B L kel

308 om S AU s s Shee aib
53810 555 5 55 SISET La s ek Ol 3 olS
pg s S 3 3l o S B Ok oS LAl
S ok aea 3 &S Fob oo ols s pl s
Ol Sisdsose b o oo i & bas A8 o
51 I VR W PRI E PR W g L s daulse
oS5 5 Speedy g5 s akb pl 5 &S glass
shls &85 53 Js 5 14-3-3 like protein sls oL
@ b Sosn 5l S o n rl 2R e 0B
S s Sl s ol Ol Ol oSl Six
Ghabooli et ) cul il ials Ko 4 a3 SLlS
Sladal B 5l galaad 53 S LB 5, onl (al, 2013
Loskmpal sl (SIS bl (S5
Loy ol pasens iladled (pusi 5 s s S
.(Chenetal., 2006) . ,ls CL'»

25 0blS Sasms, T s S Lol 5l S
Scrtsn ol b 5sd e 0y O S5 5 S -
e il 53 kSt slaes S 51 S HSPS .ol HSP
S Jod 53 HSPS 5 Shas 5550 53 s Loy
ods> Js (Timperio et al., 2008) ol ol Eouy Sl
Joms el Arabidopsis « HSP (slads Jlis! el ol
s =5 .(Masand and Yadav, 2016) s4i 0 Ko
HSPS .ipd o (50 3 Shee (0 3 ol (a3 8
ol S (s 3 Slas Lis 5 CoaS J 28 6,
el drea 5L s LS a5 bl (5
it SBUES Ll OblS Bl s s
R L B S o B o
g g bl sl o .Jedmowski et al., 2014)
A% odus heat shock family protein 5 heat shock protein
S e gl ksl 5 55 Speedy B Ok 555 o
A5 S sdalie HSPs

P eEES e wbosls o Sasms s U


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WAl dr o 55 95 S S s Bl Al

U5 B Ok oS85 I e J LT s ABA
%M‘}QM)@JEQJM;SJ;()L;;%M
'cwg of 4 scavenging enzyme stress aib (sl .S

HSP sla 55, 5 G)LE shls gl blae s sl

5o3p SN 256 05 G > Cmiles cal Ay s
Gl s 355 (55 auze el Gl Ll Sl ol
S INC [PETEIN - S IR SPNTNCY FER PP PR

QL;'J&;:&;}JJ‘ (\;».w‘ o LiS oJ‘)jT t}u{.\)b 45) Li:jjj}ﬂ)}ﬂ

ek baam lacsy s Jle Hlle U as § S (g i sl shls M/L'&ﬁ‘“w“g)ué\)‘-’%fjéﬁb
S e K G L oamlie s

‘_;;L))Jqs 3 js-::

CJ_gl;u Cﬁ\»}-bj &.Mb Mbub“li ;JLB BE u':"“)}.’ U'.'-‘

C'~ Gja EEE %‘ﬁjfj Jﬁ)ts S)40 6&6}3‘/@,’\
Mw&ﬂ ~"'>‘.:QA .bﬁ gfijjﬁj..‘]"';;.’.ugﬁtjjw‘

crl s oDl by el 3 S e SIS e p s aar s boog eSS ol U i8Sl oo 5 by S

338 o 515,43 95GRNIML032 o )l b i S 5l el s g5 0o balian L aglin 53 B gl sy oSyl

BINB ;.j Ll g o e Ll (g Sasliana g adsy byl

MMJ»&aJQ'))J.\SuJ}SBJS;w“ LSLAM"

@t.a

Assuero, S. G., Tognetti, J. A., Colabelli, M. R., Agnusdei, M. G., Petroni, E. C. and Posse, M. A. (2006) Endophyte
infection accelerates morpho- physiological responses to water deficit in tall fescue. New Zealand Journal of
Agricultural Research 49: 359-370.

Bhushan, D., Pandey, A., Choudhary, M. K., Datta, A., Chakraborty, S. and Chakraborty, N. (2007) Comparative
proteomics analysis of differentially expressed proteins in chickpea extracellular matrix during dehydration stress.
Molecular and Cellular Proteomics 6: 1868-1884.

Chaves, M. M., Pereira, J. S., Maroco, J., Rodrigues, M. L., Ricardo, C. P. P., Osorio, M. L. and Pinheiro, C. (2002)
How plants cope with water stress in the field? Photosynthesis and growth. Annals of Botany 89: 907-916.

Chen, F., Li, Q., Sun, L. and He, Z. (2006) The rice 14-3-3 gene family and its involvement in responses to biotic and
abiotic stress. DNA Research 13: 53-63.

Cheng, L., Wang, Y., He, Q., Li, H., Zhang, X. and Zhang, F. (2016) Comparative proteomics illustrates the complexity
of drought resistance mechanisms in two wheat (Triticum aestivum L.) cultivars under dehydration and rehydration.
BMC Plant Biology 16: 188.

Clay, K. (1990) Fungal endophytes of grasses. Annual Review of Ecology and Systematics 21: 275-297.

Clay, K. and Schardl, C. (2002) Evolutionary origins and ecological consequences of endophyte symbiosis with
grasses. American Naturalist 160: S99-S127.

Crush, J. R., Popay, A. J. and Waller, J. (2004) Effect of different Neotyphodium endophytes on root distribution of a
perennial ryegrass (Lolium perenne L.) cultivar. New Zealand Journal of Agricultural Research 47: 345-9.

Cox, J. and Mann, M. (2008) Maxquant enables high peptide identification rates, individualized p.p.b.-range mass
accuracies and proteome-wide protein quantification. Nature Biotechnology 26: 1367-1372.

Dastogeer, K. M. and Wylie, S. J. (2017) Plant—fungi association: Role of fungal endophytes in improving plant
tolerance to water stress. In: Plant-Microbe Interactions in Agro-Ecological Perspectives (eds. Singh, D.P. et al.) Pp.
143-159. Springer, Singapore.

Echevarria-Zomeno, S., Ariza, D., Jorge, I., Lenz, C., del Campo, A., Jorrin, J. V. and Navarro, R. M. (2009) Changes
in the protein profile of Quercus ilex leaves in response to drought stress and recovery. Journal of Plant Physiology
166: 233-245.

Endo, A., Sawada, Y., Takahashi, H., Okamoto, M., lkegami, K., Koiwai, H. and Nakazono, M. (2008) Drought
induction of Arabidopsis 9-cis-epoxycarotenoid dioxygenase occurs in vascular parenchyma cells. Plant Physiology
147: 1984-1993.

Farah, D., Ashurosh, K. P., Sanjay, R., Ashwarya, M., Ruchi, S., Sharma, Y. K., Pramod, A. S. and Vivek, P. (2012)
Physiological and proteomic responses of cotton (Gossypium herbaceum L.) to drought stress. Plant Physiology and
Biochemistry 53: 6-18.

Ghabooli, M., Khatabi, B., Ahmadi, F. S., Sepehri, M., Mirzaei, M., Amirkhani, A. and Salekdeh, G. H. (2013)
Proteomics study reveals the molecular mechanisms underlying water stress tolerance induced by Piriformospora


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b YA

indica in barley. Journal of Proteomics 94: 289-301.

Gadaleta, A., Nigro, D., Giancaspro, A. and Blanco, A. (2011) The glutamine synthetase (GS2) genes in relation to
grain protein content of durum wheat. Functional and Integrative Genomics 11: 665-670.

Ghatak, A., Chaturvedi, P., Paul, P., Agrawal, G. K., Rakwal, R., Kim, S. T. and Gupta, R. (2017) Proteomics survey of
Solanaceae family: current status and challenges ahead. Journal of Proteomics 169: 41-57.

Guo, Q. F., Zhang, J., Gao, Q., Xing, S. C,, Li, F. and Wang, W. (2008) Drought tolerance through overexpression of
monoubiquitin in transgenic tobacco. Journal of Plant Physiology 165: 1745-1755.

Hall, S. L., McCulley, R. L., Barney, R. J. and Phillips, T. D. (2014) Does fungal endophyte infection improve tall
fescue’s growth response to fire and water limitation? Public Library of Science 9: €86904

Hao, P., Zhu, J., Gu, A, Lv, D., Ge, P., Chen, G. and Yan, Y. (2015) An integrative proteome analysis of different
seedling organs in tolerant and sensitive wheat cultivars under drought stress and recovery. Proteomics
15: 1544-1563.

Jedmowski, C., Ashoub, A., Beckhaus, T., Berberich, T., Karas, M. and Bruggemann, W. (2014) Comparative analysis
of sorghum bicolor proteome in response to drought stress and following recovery. International Journal of
Proteomics 2014: 1-10.

Kanno, Y., Hanada, A., Chiba, Y., Ichikawa, T., Nakazawa, M., Matsui, M. and Seo, M. (2012) Identification of an
abscisic acid transporter by functional screening using the receptor complex as a sensor. Proceedings of the National
Academy of Sciences 109: 9653-9658.

Leuchtmann, A., Bacon, C. W., Schardl, C. L., White, J. F. and Tadych, M. (2014) Nomenclatural realignment of
Neotyphodium species with genus Epichloe. Mycologia 106: 202-215.

Malinowski, D. P., Kigel, J. and Pinchak, W. (2009) Water deficit, heat tolerance, and persistence of summer-dormant
grasses in the US Southern Plains. Crop Science 49: 2363-2370.

Marquez, S. S., Bills, G. F. and Zabalgogeazcoa, |. (2007) The endophytic mycobiota of the grass Dactylis glomerata.
Fungal Diversity 27: 171-195.

Masand, S. and Yadav, S. K. (2016) Overexpression of MuHSP70 gene from Macrotyloma uniflorum confers multiple
abiotic stress tolerance in transgenic Arabidopsis thaliana. Molecular Biology Reports 43: 53-64.

Mirzahossini, Z., Shabani, L., Sabzalian, M. R. and Sharifi-Tehrani, M. (2015) ABC transporter and metallothionein
expression affected by NI and Epichloe endophyte infection in tall fescue. Ecotoxicology and Environmental Safety
120: 13-19.

Nakashima, K., Ito, Y. and Yamaguchi-Shinozaki, K. (2009) Transcriptional regulatory networks in response to abiotic
stresses in Arabidopsis and grasses. Plant Physiology 149: 88-95.

Neuhoff, V., Arold, N. and Taube, D. E. W. (1988) Improved staining of proteins in polyacrylamide gels at nanogram
sensitivity using Coomassie Brilliant Blue G-250 and R-250. Electrophoresis 9: 255-62.

Norris, 1. (1985) Relationships between growth and measured weather factors among contrasting varieties of Lolium,
Dactylis and Festuca species. Grass and Forage Science 40: 151-159.

Pandey, S., Rai, R. and Rai, L. C. (2012) Proteomics combines morphological, physiological and biochemical attributes
to unravel the survival strategy of Anabaena sp. PCC7120 under arsenic stress. Journal of Proteomics 75: 921-37.
Patro, L., Mohapatra, P. K., Biswal, U. C. and Biswal, B. (2014) Dehydration induced loss of photosynthesis in
Arabidopsis leaves during senescence is accompanied by the reversible enhancement in the activity of cell wall

beta-glucosidase. Journal of Photochemistry and Photobiology 137: 49-54.

Raorane, M. L., Narciso, J. O. and Kohli, A. (2016) Total soluble protein extraction for improved proteomic analysis of
transgenic rice plant roots. Methods in Molecular Biology 1385: 139-147.

Rappsilber, J., Mann, M. and Ishihama, Y. (2007) Protocol for micro-purification, enrichment, pre-fractionation and
storage of peptides for proteomics using Stage Tips. Nature Protocols 2: 1896-906.

Rosa, L. H., Vaz, A. B. M., Caligiorne, R. B., Campolina, S. and Rosa, C. A. (2009) Endophytic fungi associated with
the Antarctic grass Deschampsia antarctica Desv. (Poaceae). Polar Biology 32: 161-167.

Saha, D. C., Jackson, M. A. and Johnson-Cicalese, J. M. (1988) A rapid staining method for detection of endophytic
fungi in turf and forage grasses. Phytopathology 78: 237-239.

Skirycz, A. and Inze, D. (2010) More from less: Plant growth under limited water. Current Opinion in Biotechnology
21: 197-203.

Sugawara, K., Hesse, U., Liu, J., Goodin, M. M., Barnes, A., Dinkins, R. D. and Schardl, C. L. (2009) The grass
symbiont, Epichloe festucae, visualized in endophytic and pathogenic states by GFP expression with
epifluorescence and confocal microscopy. Phytopathology 99: S126.

Tian, Z., Huang, B. and Belanger, F. C. (2015) Effects of Epichloe festucae fungal endophyte infection on drought and
heat stress responses of strong creeping Red Fescue. Journal of the American Society for Horticultural Science
140: 257-264.

Timperio, A. M., Egidi, G. and Zolla, L. (2008) Proteomics applied on plant abiotic stresses: Role of heat shock
proteins (HSP). Journal of Proteomics 71: 391-411.


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

VA bt o g5 9 S S s By Al

Turgeon, A. J. (2002) Turfgrass management, 6" Ed. Prentice Hall, Upper Saddle Brook, NJ.

Tyanova, S., Temu, T., Sinitcyn, P., Carlson, A., Hein, M. Y., Geiger, T., Mann, M. and Cox, J. (2016) The perseus
computational platform for comprehensive analysis of (prote) omics data. Nature Methods 13: 731-40.

Wang, J., Ding, B., Guo, Y., Li, M., Chen, S., Huang, G. and Xie, X. (2014) Overexpression of a wheat phospholipase
D gene, TaPLDa, enhances tolerance to drought and osmotic stress in Arabidopsis thaliana. Planta 240: 103-115.
Wilkinson, S. and Davies, W. J. (2002) ABA-based chemical signalling: the co-ordination of responses to stress in

plants. Plant, Cell and Environment 25: 195-210.

Xu, L., Li, X,, Han, L., Li, D. and Song, G. (2017) Epichloe endophyte infection improved drought and heat tolerance
of tall fescue through altered antioxidant enzyme activity. European Journal of Horticultural Science 82: 90-97.

Yang, Y., Li, X,, Yang, S., Zhou, Y., Dong, C., Ren, J., Sun, X. and Yang, Y. (2015) Comparative physiological and
proteomic analysis reveals the leaf response to cadmium-induced stress in poplar (Populus yunnanensis). Plos One
10: 1-20.

Yin, L., Ren, A., Wei, M., Wu, L., Zhou, Y., Li, X. and Gao, Y. (2014) Neotyphodium coenophialum-infected tall
fescue and its potential application in the phytoremediation of saline soils. International Journal of Phytoremediation
16: 235-246.

Yu, X., Bai, G, Liu, S., Luo, N., Wang, Y., Richmond, D. S., Pijut, P. M., Jackson, S. A., Yu, J. and Jiang, Y. (2013)
Association of candidate genes with drought tolerance traits in diverse perennial ryegrass accessions. Journal of
Experimental Botany 64: 1537-1551.


https://dorl.net/dor/20.1001.1.23222727.1398.8.33.28.8
https://jispp.iut.ac.ir/article-1-1248-en.html

[ Downloaded from jispp.iut.ac.ir on 2024-08-04 ]

[ DOR: 20.1001.1.23222727.1398.8.33.28.8 ]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b As

A comparative leaf protemics of two genotypes of
Lolium prenne under drought stress

Fatemeh Raeisi-Vanani®, Leila Shabani*?, Mohammad R. Sabzalian®, Fariba Dehghanian®

'Department of Plant Science, Faculty of Science, Shahrekord University, Iran
’Research Institute of Biotechnology, Shahrekord University, Shahrekord, Iran
*Department of Agronomy and Plant Breeding, College of Agriculture, Isfahan University of
Technology, Isfahan, Iran
“Division of Genetics, Department of Biology, Faculty of Sciences, University of Isfahan, HezarJarib
Street, Isfahan, Iran
(Received: 07/05/2019, Accepted: 17/07/2019)

Abstract

Drought stress is one of the main threats in reducing plant performance. It has been reported that endophyte infection
improve drought tolerance in host grass species, but the mechanism responsible for the effect is not clear. Proteomics
analysis is a beneficial tool for understanding the molecular mechanisms of drought resistance. In this study, proteomics
approach was used to study the expression of drought responsible proteins in leaves of two genotypes of Lolium
perenne. The experiment was set up in a completely randomized design with factorial test with two factors, the first
factor was S10 (the endophyte-infected plants) and Speedy (non infected plants) genotypes and the second factor was
two levels of water availability: control versus water stressed plants (about 80% moisture discharge). At first, according
to TCA/acetone precipitation method total protein was extracted. The total dissolved protein was separated by SDS-
PAGE electrophoresis. Identification of extracted proteins was performed by mass spectrometry technology and with
proteome analysis responsive proteins was classified in different categories. It seems that fungal endophyte infected
genotype with development of its root network, has more power to provide more water so perception of consequences
of drought stress was delayed. Maybe symbiosis with fungal endophyte changed biochemistry and morphology of host
plant and leads to increased threshold level of plant. The most induced proteins in infected genotype were in carbon and
energy metabolism category. This genotype regulated different proteins of this class so kept active various processes
such as photosynthesis as well as used ability of protective proteins in order to keep the activity of enzymes.
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BC No Name 1D A:D/C, genotype
Speedy S10
(Carbon and energy metabolism (1, 2, 3, 4, 5,6,7,8,9, 25)
1 38 Chlorophyll a-b binding protein, chloroplastic bradi3g07190.1 - -
1 455 photosystem Il reaction center PsbP family protein bradi4g04640.1 - -
1 560 PPL2 (PsbP-like protein 2) bradi1lg66296.1 - -
1 19 cytochrome f apoprotein bradi3g27332.1 - -
1 5 ATPase alpha subunit bradi5g08886.1 - -
1 169 NAD(P)H-_qumone oxidoreductase subunit H, bradi3g27266.1 i i
chloroplastic
1 53 PsaC subunit of photosystem | bradi1lg05756.1 - -
1 85 PSAE-2 (photosystem | subunit E-2) bradi1g29000.1 -
1 215 g)r:ii;:]eductase NAD-binding domain-containing bradi2g24210.2 i i
1 48 glycerate dehydrogenase bradi3g00330.1 - -
1 244 phosphoribulokinase bradi2g46690.3 - -
1 118 triose-phosphate isomerase bradi4g36310.1 - -
1 15 Fructose-bisphosphate aldolase (chl) bradi4g24367.1 - -
1 3 RCA (RUBISCO ACTIVASE) bradi4g09125.2 - -
1 26 Glyceraldehyde-3-phosphate dehydrogenase bradi5g12330.1 - -
3 609 aldo/keto reductase family protein bradi1g58220.1 - -
3 823 Alpha-galactosidase bradilg17730.1 - -
7 423 Glucose-6-phosphate 1-dehydrogenase bradilg60050.1 - -
7 667 transaldolase bradi2g59370.1 - -
8 561 fumarate hydratase bradilg63020.1 - -
25 526 4-hydroxy-4-methyl-2-oxoglutarate aldolase bradi1lg29550.1 - -
1 4 PS.lightreaction.photosystem II.LHC-II bradilg12130.1 -2.08832 -
1 32 PS.lightreaction.photosystem II.LHC-II bradilg24760.1 -3.26915 -
1 67 PS.lightreaction.photosystem I11.LHC-II bradi1lg23610.2 -3.84442 -
1 207 PS.lightreaction.photosystem I1.LHC-II bradi4g37210.1 D -
1 144 SPuSt.):Jlgir;tsreactlon.photosystem I1.LPSII polypeptide bradi3g17640.2 1574311 )
1 235 Eust.)luigirltsreaction.photosystem I1.LPSII polypeptide bradi1g77047.1 250196 )
1 47 ;JSt.):Jlgirltsreactlon.photosystem I.PSI  polypeptide bradi1g06890.1 44515 )
1 88 SPuSt.):Jlgir;tsreactlon.photosystem I.PSI  polypeptide bradi1g06890.2 518164 )
PS.lightreaction.photosystem 11.PSIl polypeptide
1 506 subunits bradi4g40710.1 -3.54445 -
1 164 ;JSt.):Jlgirltsreactlon.photosystem I.PSI  polypeptide bradi1g06890.3 219566 )
1 803 PS.lightreaction.cytochrome b6/f bradi1g06890.4 D -
1 79 SPuSt.)Iulrg1ihttreactlon.cy’tochrome b6/f.iron  sulfur bradi1g06890.5 216394 i
1 382 PS.Ilghtreqctl(_)n.cycllc electron flow- bradi1g52550.7 262169 )
chlororespiration
1 424 PS.lightreaction.NADH DH bradi5g17027.1 -2.62894 -
1 112 PS.calvin cycle.phosphoglycerate kinase bradi3g05220.1 1.606817 -
1 912 PS.calvin cycle.transketolase bradi5g07190.1 new -
1 24 PS.calvin cycle.seduheptulose bisphosphatase bradi2g55150.1 -2.56503 -
1 36 PS.calvin cycle.rubisco small subunit bradi3g26391.2 2.601254 -
2 788 major CHO metabolism.synthesis.starch.starch bradi1g48610.1 2 478235 )
synthase
2 286 major CHO | bradi2g57500.1 1.953845 -
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metabolism.degradation.sucrose.fructokinase

3 180 minor CHO metabolism.others bradilg58210.1 2.057853 -

3 719 minor CHO metabolism.others bradi3g37327.1 new -

4 106 glycolysis.cytosolic branch.UGPase bradi4g37350.1 1.617126 -
major CHO . i

2 390 metabolism.degradation.sucrose.hexokinase bradi2g19400.3 1635821
major CHO . i

2 536 metabolism.degradation.sucrose.hexokinase bradi2g49460.1 1.081691

4 594 glycolysis.cytosolic branch.pyruvate kinase (PK) bradi5g26140.1 1.98627 -

4 422 glyconS|s.pIast|d branch.glucose-6-phosphate bradi4g32530.1 2 829449 i
isomerase

6 648 gluconeogenesis / glyoxylate cycle.Malate DH bradi3g37140.1 7.344565 -

6 721 gluconeogenesis / glyoxylate cycle.isocitrate lyase bradi5g07880.1 9.105815 -

7 642 OPP.oxidative PP.6-phosphogluconate bradi3g46080.1 1775471 )
dehydrogenase

7 236 _OPP.non-reductlve PP.ribose 5-phosphate bradi1g55740.2 -3.80213 i
isomerase

8 666 TCA / org transformation. TCA.pyruvate DH.E2 bradi3g36520.1 -2.94335 -

8 161 TCA / org transformation. TCA.aconitase bradi3g15050.1 2.159319 -

8 368 E;:a?e [ org transformation. TCA.succinyl-CoA bradi3g49070.1 1.968666 )

8 60 TCA / org transformation.carbonic anhydrases bradi2g44856.1 -3.57747 -
mitochondrial ~ electron  transport / ATP .

9 408 synthesis. NADH-DH.complex | bradi1lg53070.1 2.892643 -
mitochondrial ~ electron  transport /  ATP .

9 321 synthesis. NADH-DH.localisation not clear bradi1g11520.2 2:413694 i
mitochondrial ~ electron  transport /  ATP .

9 433 synthesis. NADH-DH.localisation not clear bradi3g55340.1 1.677801 i
mitochondrial ~ electron  transport / ATP .

9 371 synthesis.cytochrome ¢ reductase bradi1g54370.1 -3.08925 i

9 469 mitochondrial electron  transport /  ATP bradi3g44410.1 2023088 )
synthesis.cytochrome c reductase
mitochondrial  electron  transport /  ATP .

9 23| synthesis.F1-ATPase bradi2ga6790.2 | 4 55004 -
mitochondrial ~ electron  transport / ATP .

9 57| synthesis.F1-ATPase bradi2g13090.1 | 4 go017 -
mitochondrial ~ electron  transport /  ATP .

9 156 synthesis.F1-ATPase bradi3g24730.1 3.262183 i
mitochondrial ~ electron  transport /  ATP .

; 394 | synthesis.F1-ATPase bradidg02890.1 | ) 459356 )
mitochondrial ~ electron  transport / ATP .

9 482 | synthesis.F1-ATPase bradi3g53000.1 | 4 g46905 -

25 556 C1-metabolism bradi4g31680.1 23.93588 -

1 25 PS.lightreaction.photosystem I1.LHC-II bradi4g07380.1 - 3.175224

1 457 PS.lightreaction.photosystem I.LHC-I bradi2g42300.1 - -2.477

1 99 PS.lightreaction. ATP synthase.subunit B (ATPF) bradi5g08883.1 - -2.74173

2 489 major CHO metabolism.degradation.glucose.Susy bradi1lg46670.3 - 2.950689

8 753 TCA |/ org transfprmatlon.other organic acid bradi4g04390.1 ) 339989
transformatons.atp-citrate lyase

9 791 mitochondrial electron transport /  ATP bradi1g60710.2 ) 2 446803
synthesis.cytochrome c oxidase
APE1 (ACCLIMATION OF

1 294 PHOTOSYNTHESIS TO ENVIRONMENT) bradi3g22030.1 1.561751 -

1 90 Chlorophyll a-b binding protein, chloroplastic bradi3g42620.1 -3.24525 -
CP47, subunit of the photosystem Il reaction

1 6 center bradi1lg05740.1 1.630391 -

1 9 Photosystem 11 CP43 reaction center protein bradilg78082.1 3.078445 -

1 10 Photosystem 11 D2 protein bradilg78076.1 2.255155 -
PSBA | Encodes chlorophyll binding protein D1, a

1 17 part of the photosystem Il reaction center core | bradi5g10966.1 1.705336 -
PS.lightreaction.photosystem [1.PSII polypeptide

1 228 subunits bradi3g39830.1 -28.4982 -
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PSAA | Encodes psaA protein comprising the
reaction center for photosystem | along with psaB

1 31 protein bradi5g23845.1 3.685968 -
PSAH2, PSAH-2, PSI-H | PSAH2

1 847 (PHOTOSYSTEM | SUBUNIT H2) bradi2g16810.1 D -
STN7 | STN7 (Stt7 homolog STN7); kinase/

1 636 protein kinase bradi2g17660.1 1.672034 -

1 16 ATPA | Encodes the ATPase alpha subunit bradi5g23842.1 1.534743 -

1 226 PGR5-LIKE A | PGR5-LIKE A bradi1lg00940.1 1.638358 -
NDH-O | NDH-O (NAD(P)H:plastoquinone

1 465 dehydrogenase complex subunit O) bradi2g61410.1 -4.72291 -

1 69 Serine hydroxymethyltransferase bradi1g09300.2 1.829602 -

1 1 RBCL, large subunit of RUBISCO bradi3g27325.1 1.634211 -

1 22 Ribulose bisphosphate carboxylase small chain bradi5g04080.1 -2.13781 -

1 34 glyceraldehyde-3-phosphate dehydrogenase (Chl) bradilg76470.1 2.319031 -

1 503 Fructose-bisphosphate aldolase (Chl) bradi2g01350.1 -5.43471 -

2 896 Starch-related R1 protein bradi1lg41907.2 new -

3 64 mannose  6-phosphate  reductase (NADPH- bradi3g02340.1 5071367 i
dependent)

3 289 aldo/keto reductase family protein bradilg14710.1 1.646331 -

3 911 aldose 1-epimerase bradi4g28160.1 new -

3 716 Alpha-galactosidase bradi3g29810.3 -3.24428 -

4 300 Glucose-6-phosphate isomerase bradi2g37400.2 1.543041 -

1 40 Transketolase bradi1lg51670.1 1.681398 -

2 632 Glucose-1-phosphate adenylyltransferase bradi4g27570.2 1.939504 -

2 645 cell wall invertase bradi3g44990.2 -7.4971 -

2 708 sucrose cleavage protein-like bradi3g56460.1 D -

5 282 3-chloroallyl aldehyde dehydrogenase bradi3g36150.2 1.987293 -

6 102 Malate dehydrogenase bradi1lg07170.2 1.674917 -

6 491 g:tliicr?gsiogenesis | glyoxylate cycle.pyruvate bradi2g25745.1 2 07753

7 375 Oxidoreductase bradi2g07650.1 -2.55844 -

8 397 bF;)t/;uvate dehydrogenase E1 component subunit bradi3g41480.3 3.922228 i

8 603 bPe)t/;uvate dehydrogenase E1 component subunit bradi4g34810.1 4474047 )

8 309 Citrate synthase bradi3g06930.1 2.527388 -

8 336 Aconitate hydratase bradi1lg75960.2 2.651682 -

8 539 isocitrate dehydrogenase bradi5g13490.1 2.360774 -

8 565 succinyl-CoA ligase bradi1lg23600.1 18.87783 -

8 412 Succinate_ de_hydr_ogenase _ [ubiquinone] bradi1g07020.1 2 369547 )
flavoprotein subunit, mitochondrial

8 366 Malic enzyme bradi2g33450.3 -2.61889 -

8 682 Malic enzyme bradilg27000.1 new -

8 553 Is_ocitrate ) dehydrogenase  [NAD]  subunit, bradi3g43300.1 1955641 )
mitochondrial

9 878 mitochondrial ATP synthase g subunit bradi2g42680.1 new -

25 537 Formate dehydrogenase, mitochondrial bradi1lg42270.1 3.86486 -

25 777 Methylenetetrahydrofolate reductase bradilg04140.1 2.092876 -

9 786 NADH-ubiquinone oxidoreductase bradi3g34360.1 -2.56905 -

1 54 Clzr%tes;gbumt of photosystem 1 and Il reaction bradi5g23844.1 ) -4.23532

1 843 PSAK (photosystem | subunit K) bradi1g58350.1 - D

1 142 ATPase epsilon subunit bradi5g05674.1 - -3.96558

1 33 ATPC1 bradilg26350.1 - -2.89078

1 42 (S)-2-hydroxy-acid oxidase bradi1lg06430.1 - -2.32205

1 71 (S)-2-hydroxy-acid oxidase bradi1g58480.1 - -2.07373

1 11 Phosphoglycerate kinase bradi2g21120.1 - -2.54878

1 83 fructose-1,6-bisphosphatase bradilg67020.1 - -2.1909

1 127 fructose-1,6-bisphosphatase bradi2g56030.1 - -2.08776

2 198 Glucose-1-phosphate adenylyltransferase bradi1g09537.1 - -2.34739

9 2 ATP synthase subunit beta bradi2g20977.1 - -2.44845
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1 213 PS.lightreaction.photosystem I1.LHC-II bradi4g30060.2 -4.68508 -2.38262
1 63 sust.)lulgngeactlon.photosystem I1.LPSII polypeptide bradi5g23866.1 25263 -3.55498
1 901 PS.Iightrea_cti(_)n.cycIic electron flow- bradi1g74570.1 2 80505 new
chlororespiration
8 617 TCA |/ org tra_nsformation.other organic acid bradidg31310.1 9.193307 8.882547
transformatons.misc
1 186 Fructose-bisphosphate aldolase (cyto) bradi1lg36260.1 1.804895 -3.04297
2 176 Glucose-1-phosphate adenylyltransferase bradi3g22330.1 2.904941 -2.33373
2 676 Alpha-1,4 glucan phosphorylase bradi2g55120.1 1.558683 1.530686
5 693 3-chloroallyl aldehyde dehydrogenase bradi5g12617.1 2.64945 2.413262
8 569 aIT%/r:L;vate dehydrogenase E1 component subunit bradi3g59750.1 314639 D
8 887 NADP-malic enzyme 1 bradi2g49540.1 new new
Cell wall
(10)
10 885 NAD-dependent epimerase bradilg66440.1 - -
10 872 glycosyl hydrolase family 3 protein bradi5g16557.1 - -
10 584 Pectinesterase bradi2g11860.1 - -
10 689 UDP-glucose 6-dehydrogenase bradi1g08120.1 2.096863 -
10 327 glycosyl hydrolase family 3 protein bradilg08560.1 -2.83146 -
10 439 xylan 1,4-beta-xylosidase bradi5g23470.1 -2.63727 -
10 835 polygalacturonase (pectinase) bradi4g11087.1 -6.20741 -
10 875 GDP-mannose 3,5-epimerase bradi3g26860.4 - D
10 857 FLA11 bradi2g00220.1 D 5.151994
10 208 glycosyl hydrolase family 3 protein bradilg08570.1 -2.80628 -2.3508
Lipid
metabolism
(11)
11 314 enoyl-[acyl-carrier-protein] reductase (NADH) bradi1lg37040.1 - -
11 524 sulfotransferase bradi3g34340.1 - -
11 678 quinone reductase family protein bradilg59450.1 - -
11 818 triacylglycerol lipase bradi5g15300.1 - -
11 687 glycerophosphodiester phosphodiesterase/ kinase bradi3g47340.1 - -
1 745 lipid _metabolism.F_A synthesis and FA bradi1g62310.1 D )
elongation.ACP protein
lipid metabolism.FA  synthesis and FA .
11 817 eIF(J)ngation.ACP desaturase g bradi2g58930.1 D i
1 724 Iip_id _ metqbolis[n.lipid degradation.beta- bradi3g10180.3 new )
oxidation.multifunctional
lipid metabolism.FA  synthesis and FA .
1 836 eI%ngation.Acetyl CoA Carb)c/)xylation bradi3g24417.1 i 1.53956
1 795 protein  malonyl CoA-acyl carrier protein bradi1g65140.2 D )
transacylase
FQR1 FLAVODOXIN-LIKE UINONE .
11 555 RI(EQDUCTA(SE 1); FMN binding / oxido?eductase bradi2g20710.1 -3.31743 i
11 600 Phospholipase D bradi2g34290.1 3.221503 -
11 903 phospholipase bradi2g04650.1 3.522037 -
11 656 phosphodiesterase bradi3g39790.1 -2.72991 -
N and N and
N and amino - - N and -
amino acid acid . . . N and amino acid amino acid amino
. . N and amino acid metabolism (12, 13) metabolism (12, - acid
metabolism | metaboli 13) metabolism metabolis
(12, 13) smlgz, (12, 13) m (12, 13)
12 681 Glutamate dehydrogenase bradi1lg05680.1 - -
13 174 Glutamate decarboxylase bradi3g37830.1 - -
13 443 Glutamate decarboxylase bradilg10480.1 - -
ATMS1; 5-methyltetrahydropteroyltriglutamate-
13 94 homocysteine S-methyltransferase/ methionine | bradilg13290.1 - -
synthase
13 383 Cysteine synthase bradi5g00610.1 - -
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13 466 L,L-diaminopimelate aminotransferase bradilg47650.1 - -
13 644 glyoxalase | family protein bradilg13190.1 - -
13 826 acetyl-CoA C-acyltransferase bradi3g55420.1 - -
12 114 N-metabolism.ammonia metabolism.glutamate bradi1g19080.1 3.877064 )
synthase
amino acid metabolism.synthesis.aspartate
13 547 family.misc.homoserine.aspartate  semialdehyde | bradilg14590.1 2.959192 -
dehydrogenase
13 157 amino apld_ metabolism.synthesis.aspartate bradi4g01200.2 1521601 )
family.methionine
13 363 amino acid metabolism.synthesis.branched chain bradi2g45330.1 2 163983 i
group.common
amino acid metabolism.synthesis.serine-glycine-
13 720 cysteine group.serine.phosphoglycerate bradi3g37240.1 2.3329 -
dehydrogenase
13 464 amino acid  metabolism.degradation.aromatic bradi3g07130.1 -2 49039 )
aa.tyrosine
amino acid  metabolism.degradation.aromatic .
13 572 aatyrosine bradilg03130.1 D -
amino acid metabolism.synthesis.serine-glycine- . i i
13 192 cysteine group.cysteine. OASTL bradi4g01130.2 6.17376
13 756 amino aC|d_ metabolism.degradation.aspartate bradi5g03830.1 ) 2 692307
family.threonine
12 586 NITRITE REDUCTASE 1 bradi3g57990.1 1.819514 -
12 41 Glutamine synthetase bradi5g24550.2 1.538017 -
12 388 Glutamine synthetase bradi3g59970.1 -3.67499 -
13 249 (ASPARTATE AMINOTRANSFERASE 5 bradi3g54200.1 5.237107 -
13 661 Aspartate aminotransferase bradi2g50500.1 2.16009 -
13 162 L-alanine:2-oxoglutarate aminotransferase bradi1g59220.2 1.508573 -
13 762 ornithine carbamoyltransferase bradi3g52727.1 1.678402 -
13 890 aspartate-semialdehyde dehydrogenase bradi1g07910.1 4.758007 -
13 171 Cysteine synthase bradi2g53170.1 -11.1597 -
13 486 1-pyrroline-5-carboxylate dehydrogenase bradi2g18550.1 1.519773 -
13 525 Pyrroline-5-carboxylate reductase bradi2g60730.1 1.976995 -
13 49 Glycine cleavage system P protein bradi2g48010.1 2.303416 -
13 95 Aminomethyltransferase bradi5g22290.1 1.922112 -
amino acid metabolism.synthesis.central amino .
13 804 acid metabolism GABA.SSADH bradi3g05490.1 3.056931 1.78696
13 685 2-isopropylmalate synthase bradi4g43130.1 1.926745 2.033443
Secondary Seconda Secondar Secondary | Secondary
metabolism ryb I Secondary metabolism (16) boli yl metabolism | metabolis
(16) metaboli metabolism (16) (16) m (16)
sm (16)
16 793 solanesyl diphosphate synthase 1 bradi2g15307.1 - -
16 706 1-de0x¥-D-xyIuIose-5-phosphate bradi2g00650.1 ) )
reductoisomerase
16 766 | 4-hydroxy-3-methylbut-2-en-1-yl  diphosphate bradi3g48080.1 ) )
synthase
16 496 violaxanthin de-epoxidase bradi5g07390.1 - -
16 295 secondary metabolism.isoprenoids.non- bradi3g59430.1 1.561997 )
mevalonate pathway
16 729 | Secondary metabolism.sulfur- | adiogas267.1 | 1.542854 .
containing.misc.alliinase
secondary
16 581 metabolism.flavonoids.dihydroflavonols.dihydrofi bradilg35742.1 -6.70729 -
avonol 4-reductase
secondary metabolism.isoprenoids.mevalonate
16 806 pathway.isopentenyl pyrophosphate:dimethyllallyl bradi1g25350.1 D -
pyrophosphate isomerase
16 779 4-(cytidine 5'-diphospho)-2-C-methyl-D- bradi2g52610.1 new )

erythritol kinase
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16 238 S-adenosylmethionine-dependent bradi4g01640.1 1773624 i
methyltransferase
16 842 isoflavone reductase bradi4g05455.1 D -
16 785 homogentisate farnesyltransferase bradi2g18210.1 4.816604 -5.89711
Hormon
Hormone Hormone Hormone
metabolism e Hormone metabolism (17) Hormone metabolism | metabolis
metaboli metabolism (17)
17) sm (17) (17) m (17)
17 665 AILP1 bradi4g42890.1 - -
17 862 unknown protein bradi1g08930.1 - -
17 504 hormong n_1etabo|ism.auxin.induced-regulated- bradi2g43690.1 4533726 i
responsive-activated
17 515 hormong n_1etabo|ism.auxin.induced-regulated- bradi3g48197.1 2 635557 i
responsive-activated
17 655 hormone_ metabolism.ethylene.synthesis- bradi3g57520.1 3589018 )
degradation
17 546 NCED4 bradi3g52680.1 D -
17 214 NCED1, 9-cis-epoxycarotenoid dioxygenase bradi4g00335.1 1.518522
Stress Stress
Stress (20) | (20) Stress (20) (20) Stress (20) Stress (20)
20 124 oxalate oxidase bradi3g37670.1 - -
20 736 stress.biotic bradi4g05440.1 1.621153 -
20 62 stress.abiotic.heat bradilg66590.1 1.517688 -
20 129 stress.abiotic.heat bradi3g39630.1 1.75309 -
20 255 stress.abiotic.heat bradi4g04220.1 1.553727 -
20 426 stress.abiotic.heat bradi4g32941.1 1.611915 -
20 451 stress.abiotic.heat bradi2g33682.1 1.780284 -
20 153 stress.abiotic.drought/salt bradi2g07940.1 -2.52085 -
20 308 stress.abiotic.heat bradilg66470.1 - 2.265283
20 523 stress.abiotic.heat bradi4g41057.1 - 2.084851
20 882 DNAJ-1 bradilg06340.1 D -
20 907 DNAJ heat shock protein bradi3g54550.1 1.784582 -
20 739 ERD4 | ERDA4 (early-responsive to dehydration 4) bradilg58380.1 5.264365 -
20 550 germin-like protein bradilg11920.1 -23.4745 -
20 822 GL22 bradi2g11050.1 -5.59635 -
20 472 protein Leucine Rich Repeat family bradilg56690.1 53.73592 -2.60115
20 448 universal stress protein (USP) bradi2g34910.1 3.452202 -3.44858
Redox Redox
Redox (21) (21) Redox (21) Redox (21) Redox (21) (21)
21 137 Thioredoxin M-type bradi4g40800.1 - -
21 276 CB5-B (CYTOCHROME B5 ISOFORM B) bradi2g62010.1 - -
21 358 MSBP1 (membrane steroid binding protein 1) bradi3g30180.1 - -
21 149 L-ascorbate peroxidase bradilg16510.1 - -
21 240 Glutathione peroxidase bradilg47140.1 - -
21 509 glutathione-disulfide reductase bradi3g55030.2 - -
21 84 Catalase bradilg76330.2 - -
21 328 NADH-cytochrome b5 reductase bradi2g04610.1 - -
21 370 redox.thioredoxin bradi5g26060.1 -4.44172 -
21 518 redox.ascorbate and glutathione bradi3g53920.1 D -
21 145 redox.ascorbate and glutathione.ascorbate bradi4g38430.1 2.52089 -
21 277 redox.ascorbate and glutathione.ascorbate bradi1lg45010.1 -4.06015 -
21 391 redox.ascorbate and glutathione.glutathione bradi2g34770.1 2.485854 -
21 59 redox.peroxiredoxin bradilg46620.1 -2.74917 -
21 387 redox.peroxiredoxin bradi2g46380.2 new -
21 143 redox.dismutases and catalases bradi3g01470.1 2.22378 -
CHLOROPLASTIC DROUGHT-INDUCED .
21 119 STRESS PROTEIN OF 32 KD) bradi1g28090.1 1.783703 -
21 453 disulfide isomerase bradi2g35020.1 1.727304 -
21 698 Thioredoxin M-type bradi5g16550.1 -2.39017 -
21 858 Thioredoxin reductase bradi3g53200.1 D -
21 274 DEHYDROASCORBATE REDUCTASE 2 bradi2g37480.1 2.164143 -
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21 425 ascorbate peroxidase 1 bradi1lg65820.2 D -
21 802 monodehydroascorbate reductase bradi3g17120.1 new -
21 821 ASCORBATE PEROXIDASE 3 bradi5g03640.1 8.10606 -
21 125 Dihydrolipoy! dehydrogenase bradi2g12310.1 2.426139 -
21 673 heme-binding family protein bradi1lg36860.1 new -
21 692 glutathione disulfide oxidoreductase bradi1lg01570.1 1.753645
21 61 peroxiredoxin type 2 bradi3g06750.1 2.827772 -
21 522 peroxiredoxin type 2 bradi1lg35660.1 new -
21 101 superoxide dismutase bradi3g43070.1 -4.28992 -
21 195 Superoxide dismutase [Cu-Zn] bradi1lg18340.2 - 1.629304
21 557 Thioredoxin reductase bradi1lg19140.1 2.715588 D
DNA/R
DNA/RNA DNA/RNA (27, DNA/RNA | DNA/RN
27, 28) ’2\18/? (27, | DNA/RNA (27, 28) 28) 27, 28) A (27, 28)
27 (RNA) 650 LIL3:1; transcription factor bradi3g02570.1 - -
27 832 HMG1/2-like protein bradi1g29730.4 - -
27 7 pentatricopeptide (PPR) repeat-containing protein bradi3g16227.1 - -
27 476 DNA-binding protein bradi5g16720.1 - -
27 848 bzil;cent polypeptide-associated complex subunit bradi1g77957.1 ) )
CSP41A CHLOROPLAST STEM-LOOP .
27 194 | BINDING PR(OTEIN OF 41 KDA) bradi1g54030.1 - -
27 722 RNA binding bradi2g36710.1 - -
27 870 heterogeneous nuclear ribonucleoprotein bradi3g28430.1 - -
28 (DNA) 75 histone H3.2 bradi3g45290.1 - -
28 239 H2B bradi2g27760.1 - -
28 414 Histone H2A bradi2g37327.1 - -
27 747 RNA.processing.RNA helicase bradi2g40800.1 1.959845 -
27 378 RNA.processing.ribonucleases bradilg26277.1 -2.08014 -
27 695 RNA.rggL_lIation of .transcription.MADS box bradidg11097.1 2 447552 )
transcription factor family
RNA . regulation of transcription.putative .
27 902 transcrigtion regulator ption.p bradi2g01860.1 new -
28 886 DNA.synthesis/chromatin structure.histone bradi2g00530.1 5.370516 -
28 755 DNA .unspecified bradilg10340.2 -13.9158 -
27 770 RNA.processing bradi4g08430.1 - 3.224885
27 910 RNA.processing.splicing bradi4g09940.1 - 1.657794
27 110 RNA.RNA binding bradi4g38260.1 - -3.90413
EIF4AL EUKARYOTIC  TRANSLATION .
27 120 INITIATIOIEI FACTOR 4A1) bradilg34170.3 1.880454 -
27 833 24F)-YC4 (NUCLEAR FACTOR Y, SUBUNIT bradi1g67980.1 D i
27 271 Z‘E,?_IC\A}ELD(PLASTID TRANSCRIPTIONALLY bradi1g18320.1 -3.68388 i
27 726 chloroplast nucleoid DNA-binding protein bradi3g56660.1 -2.09847 -
28 490 ’F\)IRAg.}_’élNl;l)(NUCLEOSOME ASSEMBLY bradi2g18330.1 -2.15132 -
28 20 Histone H2B bradi3g54520.1 -2.613 -
28 21 Histone H4 bradi4g37340.1 -2.28601 -
28 68 Histone H2A bradi2g62450.1 -3.63593 -
28 89 Histone H2A bradi4g06010.1 -2.48098 -
28 107 Histone H2A bradilg66370.1 -3.35126 -
28 512 Histone H2A bradi1g09060.1 -2.24176 -
28 520 no original description bradi1g05330.1 -6.05896 -
28 748 Histone H2A bradi1lg25400.1 -2.97934 -
27 570 bﬁﬁ:cent polypeptide-associated complex subunit bradi3g29087.1 ) 227878
27 787 CP33; RNA binding bradilg57190.1 -5.77674 3.386512
Protein
(29)
29 684 Alanine--tRNA ligase bradi3g22760.1 - -
29 296 Ribosomal protein S7 bradilg05710.1 - -
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29 151 ribosomal protein L1 family protein bradi2g26940.1 -
29 404 a chloroplast ribosomal protein L14 bradi3g27300.1 -
29 297 50S ribosomal protein L24, chloroplast (CL24) bradilg33030.1 -
29 701 50S ribosomal protein L33, chloroplastic bradilg05754.1 -
29 224 40S ribosomal protein S10 (RPS10A) bradi2g61560.1 -
29 421 40S ribosomal protein S16 (RPS16A) bradi4g26140.1 -
29 709 RPS18C (518 RIBOSOMAL PROTEIN) bradilg05670.1 -
29 329 40S ribosomal protein S19 (RPS19B) bradi3g56527.1 -
29 411 40S ribosomal protein S2 (RPS2D) bradilg04660.1 -
29 459 structural constituent of ribosome bradi1lg62690.2 -
29 284 40S ribosomal protein S23 (RPS23B) bradi2g54210.1 -
29 365 40S ribosomal protein S9 (RPS9C) bradi4g07120.1 -
29 449 60S ribosomal protein L10 (RPL10C) bradi2g34440.6 -
29 197 60S ribosomal protein L12 (RPL12A) bradi5g20330.1 -
29 350 60S ribosomal protein L13 bradi3g16170.3 -
29 121 60S ribosomal protein L4/L1 (RPL4A) bradi1lg05510.1 -
29 662 Ribosomal protein L19 bradi1lg63010.2 -
29 483 60S ribosomal protein L26 (RPL26B) bradi2g06250.1 -
29 307 60S ribosomal protein L27 bradilg30210.1 -
29 657 60S ribosomal protein L32 (RPL32A) bradi4g34340.2 -
29 254 60S ribosomal protein L34 (RPL34A) bradi3g16620.1 -
29 369 60S ribosomal protein L36 bradi2g54600.2 -
29 229 RPL5A bradi5g09500.1 -
29 519 Ribosomal protein bradi4g38510.1 -
29 393 60S ribosomal protein L13A (RPL13aD) bradilg08260.1 -
29 330 60S ribosomal protein L17 (RPL17A) bradi4g08667.1 -
29 285 60S ribosomal protein L21 (RPL21C) bradilg75620.1 -
29 534 60S ribosomal protein L35a (RPL35aC) bradi4g16690.3 -
29 237 60S ribosomal protein L7A (RPL7aA) bradi4g34750.1 -
29 232 60S ribosomal protein L6 bradi3g08900.1 -
29 372 60S ribosomal protein L8 (RPL8C) bradi4g04120.2 -
29 56 Elongation factor Tu bradi3g47690.1 -
29 138 Elongation factor G, chloroplastic bradi5g16980.1 -
elongation  factor 1B  alpha-subunit 2 .
29 415 (eEFngalphaz) P bradi1g18710.1 -
29 351 mitochondrial processing peptidase beta subunit bradilg70180.1 -
29 178 translocon at the inner envelope membrane of bradi3g29750.1 )
chloroplasts
TIC55 (TRANSLOCON AT THE INNER
29 441 ENVELOPE MEMBRANE OF | bradi3g53860.1 -
CHLOROPLASTS 55)
29 740 protein transport protein SEC61 gamma subunit bradilg31180.1 -
29 189 protein serine/threonine kinase bradilg08287.1 -
29 473 ATP-dependent Clp protease proteolytic subunit bradi1lg05750.1 -
29 435 aspartyl protease family protein bradi2g16160.1 -
29 605 serine carboxypeptidase S28 family protein bradi3g30640.1 -
29 190 CPN20 (CHAPERONIN 20) bradi4g31220.1 -
29 377 GrpE protein homolog bradi3g48540.1 -
29 446 CPN20 (CHAPERONIN 20) bradilg46596.1 -
29 733 GrpE protein homolog bradi4g27270.1 -
29 812 PDF6 (PREFOLDIN 6) bradi3g09300.1 -
29 111 photosystem Il stability/assembly factor bradi1g29500.1 -
29 691 photosystem | assembly and stability bradi2g13078.1 -
29 717 Eukaryotic translation initiation factor 5A bradilg59110.1 -
29 352 Proteasome subunit alpha type bradi3g49610.2 -
29 210 RD21 (responsive to dehydration 21) bradi5g24027.1 -
29 727 cysteine-type peptidase bradi4g31440.3 -
29 889 aspartyl protease family protein bradi4g36720.2 -
rotein.synthesis.ribosomal :
29 338 Erotein.p)rlokaryotic.chIoroplast.SOS subunit.S18 bradi1g05752.1 ~2:23136
29 230 protein.synthesis.ribosomal protein.eukaryotic.40S | bradi3g16150.1 2.411518
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subunit.S3

protein.synthesis.ribosomal protein.eukaryotic.40S

29 629 subunit S24 bradi3g08680.1 -2.39151 -

29 852 protelp.synthe3|s.r|bosomal protein.eukaryotic.40S bradi3g43475.1 1504212 )
subunit.S27

29 531 protelr_1.synthe5|s.r|bosomal protein.eukaryotic.40S bradi4g13910.1 3582534 i
subunit.S28

29 193 protelp.synthe3|s.r|bosomal protein.eukaryotic.40S bradi1g23780.1 1.68777 )
subunit.SA

29 182 protelp.synthe3|s.r|bosomal protein.eukaryotic.40S bradi2g35620.1 3.034154 )
subunit.S4

29 544 protelr_1.synthe5|s.r|bosomal protein.eukaryotic.40S bradi1g21320.2 2 8355 i
subunit.S6

29 290 protelr_1.synthe5|s.r|bosomal protein.eukaryotic.60S bradidg41680.1 1.704351 i
subunit.L3

29 510 protelp.synthe3|s.r|bosomal protein.eukaryotic.60S bradi3g13750.1 new )
subunit.P1

29 205 El;gtuer:?t.?/gthesm.rlbosomal protein.eukaryotic.60S bradi3g00640.1 3.950718 i

29 567 protein.synthesis.initiation bradi3g53970.2 -9.61453 -

29 81 protein.synthesis.elongation bradilg06860.8 4.58633 -

29 223 protein.synthesis.elongation bradilg37490.1 2.980046 -

29 462 protein.targeting.mitochondria bradi2g05710.1 1.776368 -

29 690 protein.targeting.chloroplast bradi2g03350.1 3.249885 -

29 825 protein.targeting.chloroplast bradi2g35587.1 -2.37673 -

29 899 protein.targeting.chloroplast bradi1lg66820.1 new -

29 635 protein.degradation bradi3g60550.1 2.113161 -

29 880 protein.degradation bradi3g35350.1 new -

29 488 protein.degradation.ubiquitin.proteasom bradi5g24960.1 -2.50597 -

29 551 protein.degradation.ubiquitin.proteasom bradi2g33390.2 3.12345 -

29 588 protein.degradation.ubiquitin.proteasom bradi3g07370.4 1.920749 -

29 631 protein.degradation.ubiquitin.proteasom bradi5g13800.1 2.800021 -

29 688 protein.degradation.ubiquitin.proteasom bradi4g35156.2 -4.48593 -

29 705 protein.degradation.ubiquitin.proteasom bradi3g03720.1 3.223939 -

29 751 protein.degradation.ubiquitin.proteasom bradi4g34620.1 new -

29 794 protein.degradation.ubiquitin.proteasom bradilg49140.1 1.612003 -

29 140 protein.degradation.serine protease bradi4g39880.1 1.828929 -

29 43 protein.folding bradi1lg50270.1 2.110535 -

29 116 protein.folding bradi1g00730.1 1.5706 -

29 260 protein.folding bradi3g41800.1 -2.35206 -

29 312 protein.folding bradilg75520.1 3.384791 -

29 334 protein.folding bradi3g00480.2 4.186734 -

29 392 protein.folding bradi1lg54970.1 -2.12366 -

29 558 protein.folding bradi5g02990.2 -3.7227 -

29 595 protein.assembly and cofactor ligation bradi1lg63380.1 -2.01256 -
protein.synthesis.ribosomal . i i

29 261 protein.prokaryotic.chloroplast.30S subunit.S4 bradi2g13104.1 2.03547
protein.synthesis.ribosomal . ) )

29 9% protein.prokaryotic.chloroplast.50S subunit.L12 bradi2g45730.1 2.92665
protein.synthesis.ribosomal . ) )

29 253 protein.prokaryotic.chloroplast.50S subunit.L15 bradi1g69650.1 2.46165

29 810 proteln.synthe5|s.r|bosomal protein.eukaryotic.40S bradi5g21630.1 ) 1.93791
subunit.S11
protein.synthesis.ribosomal . ) )

29 790 protein.unknown.small subunit.S19 bradilg71472.1 2.20875

29 247 protein.synthesis.elongation bradi3g05950.1 - -2.51345

29 675 protein.degradation.ubiquitin.proteasom bradi2g27390.1 - D

29 442 tRNA synthetase class |1 bradi4g07854.1 -3.03675 -

29 769 aminoacyl-tRNA ligase bradi1lg56640.2 new -

29 827 aminoacyl-tRNA ligase bradi1g56890.1 3.537549 -

29 868 30S ribosomal protein S15, chloroplastic bradi3g27272.1 D -

29 768 chloroplast 30S ribosomal protein S20 bradi2g46520.1 -4.30738 -
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29 471 30S ribosomal protein bradi1g00980.2 -2.1138
29 492 emb1_473 (em_bryo defective 1473); structural bradi2g49850.1 -8.66322
constituent of ribosome
29 487 ribosomal protein L17 family protein bradi1lg04130.2 -2.17765
29 355 chloroplast ribosomal protein L23 bradi5g05656.1 -3.37007
29 256 RIBOSOMAL PROTEIN LARGE SUBUNIT 27 bradi2g59210.1 -3.21803
29 659 50S ribosomal protein L28 bradi2g40040.1 -2.23672
29 416 ribosomal protein L29 bradi3g58780.1 -26.5967
29 147 R_PL4; poly(U) binding / structural constituent of bradilg67170.1 22007
ribosome
29 612 structural constituent of ribosome bradi3g13810.1 -2.14668
29 258 40S ribosomal protein S14 bradi3g45000.1 2.432429
29 851 40S ribosomal protein S25 bradi4g38580.1 D
29 514 40S ribosomal protein S26 bradi1lg04070.1 1.592593
29 477 40S ribosomal protein S15A bradi2g54450.1 -2.63185
29 400 40S ribosomal protein S8 bradi3g43560.1 1.915357
29 246 RPL16A,; structural constituent of ribosome bradi3g09030.1 1.6107
29 478 60S ribosomal protein L4/L1 (RPL4A) bradilg55510.1 2.129898
29 627 60S ribosomal protein L18 bradilg17970.1 new
29 272 60S ribosomal protein L18a bradi2g50020.1 -2.4449
29 304 RPL23A bradi5g14750.2 -2.31178
29 590 structural constituent of ribosome bradilg21630.1 -7.97999
29 781 60S ribosomal protein L37a (RPL37aB) bradi2g46580.1 D
29 216 60S ribosomal protein L7 (RPL7D) bradi5g20900.1 -2.13615
29 201 60S acidic ribosomal protein PO (RPPOA) bradi3g14340.1 1.82004
29 616 protein ribosome-like protein bradi3g06530.1 -3.46813
29 288 nascent pqupeptide associated complex alpha bradi2g27190.1 223281
chain protein
NACA2 (NASCENT POLYPEPTIDE-
29 460 ASSOCIATED COMPLEX SUBUNIT ALPHA- | bradilg77100.1 -2.24275
LIKE PROTEIN 2)
29 713 translation elongation factor bradi2g45070.1 4.073928
RRF (RIBOSOME RECYCLING FACTOR, .
29 275 CHLOF(zOPLAST PRECURSOR) bradilg24110.2 -2.18245
29 131 THF1 bradilg24860.3 -8.94675
29 856 IZ\IAT\)FZA (NUCLEAR TRANSPORT FACTOR bradiag41310.1 D
29 860 nuclear transport factor 2 (NTF2) bradi5g07090.2 -2.79283
29 gsg | SCYL (SecY Homolog 1); P-P-bond-hydrolysis- | . yia0191001 | 2785402
driven protein transmembrane transporter
29 694 Protein translocase subunit SecA bradi2g12067.1 2.46328
29 380 ARF1Al1C bradilg53867.1 -2.01653
29 809 Protein transport protein Sec61 subunit beta bradi4g45150.1 -3.41711
29 805 STN8 bradi2g22210.1 new
29 234 cytosol aminopeptidase bradi3g54020.1 2.574428
29 323 unknown protein bradi3g47890.1 -2.57418
29 376 serine-type endopeptidase bradi3g56280.1 4.450129
29 543 acylaminoacyl-peptidase bradi3g26780.4 2.260805
29 577 peptidase M1 bradi3g12520.2 1.59857
29 754 Aminopeptidase bradi3g08120.1 new
29 789 ubiquitin activating enzyme bradilg65320.1 7.08464
29 402 aspartyl protease bradi2g36862.1 -3.40828
29 580 ubiquitin-protein ligase bradi3g00340.1 D
29 782 aspartyl aminopeptidase bradi4g39590.1 D
29 150 ATPREP1 (PRESEQUENCE PROTEASE 1) bradi3g58166.1 2.217318
29 535 membrane-associated zinc metalloprotease bradi1lg15560.1 2.090935
29 562 aminopeptidase bradi2g28680.2 1.624505
29 807 protein.degradation. AAA type bradilg74922.1 2.626195
29 73 CPN60A (CHAPERONIN-60ALPHA) bradi5g02890.2 3.109458
29 385 ERD1 (EARLY RESPONSIVE O bradi3g44640.1 1.974712

DEHYDRATION 1)
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29 468 HSP60 (HEAT SHOCK PROTEIN 60) bradi3g28070.1 new -

29 563 Peptidylprolyl isomerase bradi1lg27190.5 2.284253 -

29 578 mitochon(_irial import inner membrane translocase bradi1g64590.1 6.100464 )
subunit Tim17

29 608 50S ribosomal protein L35 bradi0007s0021 - -2.18939

29 801 protein 50S ribosomal bradi2g52710.1 - 2.215075

29 772 Small ubiquitin-related modifier bradi2g58830.1 - 1.882823

29 623 Proteasome subunit alpha type bradi4g13740.2 - -2.20083

29 646 Peptidylprolyl isomerase bradi3g01630.1 - -4.58092

29 395 gl;gtuer:?t.ssy;thesm.rlbosomal protein.eukaryotic.40S bradi3g23310.1 1610313 2 44371

29 571 gl:ct))tueri\?t.?/gthesis.ribosomal protein.eukaryotic.60S bradidg24610.1 2 850109 D

29 879 protein.synthesis.elongation bradilg01580.1 2.100885 new

29 871 60S ribosomal protein L22-2 (RPL22B) bradilg62830.1 D D

29 865 nasgent pqupeptide associated complex alpha bradi1g62360.1 D new
chain protein
TIC110 (TRANSLOCON AT THE INNER

29 209 ENVELOPE MEMBRANE OF | bradi3g29760.1 D -2.52611
CHLOROPLASTS 110)

29 461 ribosomal protein L18 family protein bradilg03220.1 -2.11487 -4.62525

29 696 40S ribosomal protein S15 bradi2g20390.1 1.587623 -2.31671

29 367 GrpE protein homolog bradi5g10250.1 -5.0556 -6.50321

29 493 Peptidylprolyl isomerase bradi3g59057.2 -3.3064 -2.96201

Cell/signali
ng/develop
ment (30,
31, 33)

30 270 erﬁtlgi(If)-bmdmg Rossmann-fold  superfamily bradi3g09010.2 i i

30 861 leucine-rich repeat transmembrane protein kinase bradi2g43110.1 - -

30 484 GTP binding bradi2g12510.1 - -

30 498 Obg-like ATPase 1 bradilg06772.1 - -

30 440 GTP-binding nuclear protein bradi2g15730.1 - -

30 554 Obg-like ATPase 1 bradi3g17680.1 - -

30 305 GF14b protein bradi3g38640.2 - -

31 206 plastid-lipid associated protein PAP bradi4g14630.1 - -

31 302 Annexin bradi3g58830.1 - -

31 830 Annexin bradi4g29680.2 - -

31 432 peptidyl-prolyl cis-trans isomerase bradi1lg24500.1 - -

31 829 Peptidylprolyl isomerase bradi2g58640.1 - -

33 670 cupin family protein bradi2g37470.1 - -

30 463 signalling.light bradi4g33940.1 D -

30 231 signalling.calcium bradi2g57537.1 -2.94629 -

30 831 signalling.calcium bradi1g68010.1 -11.0203 -

30 343 signalling.G-proteins bradi2g41180.1 2.376508 -

30 344 signalling.G-proteins bradi2g19750.2 1.980871 -

30 914 signalling.G-proteins bradi5g13000.1 2.588728 -

30 410 signalling.14-3-3 proteins bradi4g16640.1 9.589595 -

31 96 cell.organisation bradi3g30710.2 1.806944 -

31 674 cell.organisation bradi2g39590.1 1.67949 -

31 470 cell.cycle.peptidylprolyl isomerase bradi2g11060.1 -2.12336 -

31 664 cell.cell death.plants bradilg75270.1 7.349729 -

33 850 development.late embryogenesis abundant bradi1g02090.2 -3.61818 -

33 437 development.unspecified bradi3g14650.1 -2.30059 -

33 702 development.unspecified bradi3g41430.1 D -

33 874 development.unspecified bradi2g47940.1 3.735882 -

30 379 CRT1 (CALRETICULIN 1) bradi1g02940.2 -3.59889 -

30 405 sodium/calcium exchanger family protein bradi2g06830.1 3.676624 -

30 869 CAMS5 (CALMODULIN 5) bradi2g52940.1 -2.65477 -

30 480 GTP binding bradi3g47240.1 3.362543 -
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30 573 GTP binding bradi1g03490.1 4.664529 -

30 839 GTP binding bradi2g23120.1 1.805323 -

30 292 14-3-3-like protein bradi5g12510.2 -2.75354 -

30 846 RALFL33 (ralf-like 33) bradi4g05500.1 D -

31 345 Tubulin beta chain bradi1lg06800.1 2.332958 -

31 778 plastid-lipid associated protein PAP bradi3g30740.2 1.568683 -

31 808 Peptidylprolyl isomerase bradi4g34370.1 -5.90996 -

31 888 Clathrin heavy chain bradi4g26877.1 new -

30 419 CAM5 (CALMODULIN 5) bradi2g21460.1 - 1.557196

Transport

(34)

34 837 (NON-INTRINSIC ABC PROTEIN 6) bradi2g01870.1 - -
PIP2B (PLASMA MEMBRANE INTRINSIC .

34 828 PROTEIN 2); water channel bradi5g15970.1 ) )

34 181 antiporter/  triose-phosphate  transmembrane bradi2g08340.1 i i
transporter

34 154 transport.p- and v-ATPases bradi5g24690.1 3.163213 -

34 104 transport.p- and v-ATPases.H+-transporting two- bradi1g31690.2 1.997175 )
sector ATPase

34 652 trar_lsport.ABC transporters and  multidrug bradi2g01610.1 -3.74029 )
resistance systems

34 134 transport.Major Intrinsic Proteins.PIP bradilg28760.2 2.271713 -

34 167 transport.Major Intrinsic Proteins.PIP bradi3g56020.1 1.997584 -

34 669 transport.calcium bradi4g45030.1 2.553294 -

34 602 tre_msport.mgtabollte transporters at the bradi1g71410.2 ) 2 005531
mitochondrial membrane

34 268 transport.misc bradi3g48590.1 - 1.762503

34 132 for\a_irnsgsoert.unspeufled anions.arsenite-transporting bradi3g59400.1 i 2220085

34 540 V-type proton ATPase subunit a bradi1lg67960.1 3.025514 -

34 784 V-type proton ATPase subunit G bradi5g20650.1 3.338263 -
VHA-E3 (VACUOLAR H+-ATPASE SUBUNIT .

34 389 E ISOFORM 3) bradi2g45580.1 1.768395 -

34 575 V-type proton ATPase subunit bradi2g42100.1 2.642825 -

34 613 non-intrinsic ABC protein 8 bradilg28416.2 7.906712 -
PIP2B (PLASMA MEMBRANE INTRINSIC .

34 438 PROTEIN 2); water channel bradi3g49360.1 2.440507 -
PIP1;4 (PLASMA MEMBRANE INTRINSIC .

34 530 PROTEIN 1;4); water channel bradi5g18170.1 3.03425 -
TMT2 (TONOPLAST MONOSACCHARIDE .

34 763 TRANSPORTER?) bradi3g32210.2 new -

34 909 SUT4 (SUCROSE TRANSPORTER 4) bradi4g00320.1 5.386176 -
(Pyrophosphate-energized inorganic . )

34 233 pyrophosphatase) (H(+)-PPase) bradilg47767.1 5.257463

34 841 amino acid transporter family protein bradi3g53740.1 new -

34 813 ADP,ATP carrier protein bradi3g07830.1 new -

34 863 antiporter/  triose-phosphate  transmembrane bradidg27550.1 1999915 )
transporter

34 217 dicarboxylate/tricarboxylate carrier (DTC) bradi2g32600.2 1.864631 -

34 221 mitochondrial phosphate transporter bradi3g57890.1 2.900163 -

34 474 oxoglutarate:malate antiporter bradi3g38580.1 2.261047 -

34 517 TEMPERATURE-INDUCED LIPOCALIN bradi3g36970.1 5.162512 -

34 450 transport.metabolite  transporters  at  the bradi3g34077.1 206711 233428

mitochondrial membrane
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