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Abstract

Objective
Metabolic adaptation to cold stress plays an important role in the growth, survival and
yield of crops. Gamma aminobutyric acid (GABA) as an osmolyte may take part in

counteracting the oxidative stress induced by cold stress in chickpea.

Material and methods

In this experiment, content of Putrescine (Put), GABA, Hydrogen Peroxide (H.0,),
activity of Diamine Oxidase (DAO) and relative expression of Glutamate
Gecarboxylasel (GAD1) gene in cold-tolerant (Sel96th11439) and cold-sensitive
(ILC533) chickpea (Cicer arietinum L.) genotypes under cold stress (4°C) as a factorial

experiment in a Completely Randomized Design were studied.

Results

In tolerant genotype H.O, content after a significant increase on the first day of cold
stress decreased significantly on the sixth day of cold stress compared to control
conditions (up to 4.7%) while its accumulation was observed in sensitive genotype (up
to 50%). These results indicated a relative acclimation to cold stress in tolerant
genotype. Under cold stress, GABA and Put contents in tolerant genotype was higher

compared to sensitive genotype (up to 14% and 35%, respectively). Under cold stress,
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in tolerant genotype increasing GABA content was accompanied with an increase in
DAO activity and relative expression of GAD1 gene as biosynthetic pathways of this
metabolite (up to 3- and 17-fold, respectively). The maximum activity of these two
pathways was observed in tolerant genotype on the sixth day of cold stress.

Conclusions
Under cold stress, the accumulation of GABA in tolerant genotype led to reduced cell

damage (H:O: results) and improved cold tolerance. These indices were useful in
assessment of chickpea genotypes under cold stress and breeding programs.
Key words: Diamine Oxidase (DAQO), Gene expression, Hydrogen peroxide, Cold tolerance,

Glutamate Decarboxylasel.

Citation: Saeed Amini, Reza Maali-Amiri (2020) Evaluation of gama-aminobutyric acid (GABA)
biosynthetic pathway in chickpea under cold stress. Agricultural Biotechnology Journal 12 (3), 1-24.

Agricultural Biotechnology Journal 12 (3), 1-24.

DOI: 10.22103/jab.2020.15694.1221

Received: June 7, 2020; Accepted: August 9, 2020

© Faculty of Agriculture and Technology Institute of Plant Production, Shahid Bahonar University of

Kerman-Iranian Biotechnologhy Society

1
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



RN,

yyaa ‘O‘)&o& 9 c.?;ﬁ"'

wamsml,

Cicer ) (21553955 13 (GABA) syl 4 5391 ginal Lol siiwgny (18 yrno (21
Lo yw yid i (arietinum L.

ool duzns

el AYAROYADY e:odl colyes ol 728 awb ple g gjpsliS wdy xS asel  ub

saeed.amini@alumni.ut.ac.ir

el Jna L5,
Jw] ‘,c\\v\c\c\,\\/\cuﬂ) ‘ul).e‘) oKl C)'{ U:A_Jo é}L\A 9 d))slmf oWy ‘J}i.w.n OM?J #*

ORCID iD: 0000-0003-2496-4800 /mamiri@alumni.ut.ac.ir

VYFAR/+ /3 15 s g, IFAR/+ ¥/ VA Bl 3 o,
sy
Sl S pgginal Lals 0yl ey lalS 5,Skae g 1 iy 1 (oo G5 Loy (15 4 ol (Sgplie (65l 180
Syl 8 e Lopus Lausgs o W geilipnS] 25 b ablie cgs > Yiain! clgon! olsis 4 (GABA)
5 (DAO) jlauslipelisd il cdlad (HaO2) y59y8m10u8 Ty (PUL) (g GABA 5o gy el 1o 109,
5 (Sel96th11439) fexie coigij 3 1 (GABA siiwsgy 3 jgs) (GADL) jMn 928> lalighh o (oomd ol
Jo)g86 iules] Sygo 0 womads 4333 5las Loy 25 cos (Cicer arietinum L.) _el; 3955 (ILC533) wlus
A dddllas Bolay MolS 75k B o
L asliio ) (gl ine (50N @l oy 53 (05 5l 5 3 Jisime G211 S e H202 i Jooxio sl > sl
S5l ko &5 ol (o yd B+ 5) b samlie wlas Cuigis > ol gess &S Jls 13 o3 FIV I i) o ol sals
5 V¥ b iy & Jooxie gy o PULy GABA (lacglio (lje Loy (25 €0 05 Jaoxio Guigif 5 Loj &y (qomd
o3l Clad Jasmio oisif )3 oy G5 008 GABA lie Gl Slilse 4y 090 (b i J) i 203 YO
(=l W9V L ey a) el o agine pialjl i cnl jitwge (sl s lyiss GADL 0 (oo ol s DAO

A5 osmltio Loy (35 51 (g i 95 53 Jootie cais} )3 ywe 93 (ol Collid Sl

v
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500


mailto:saeed.amini@alumni.ut.ac.ir
mailto:rmamiri@alumni.ut.ac.ir

SN,

(\Yiﬂﬂ )'»ﬁ'lb Y D)Lo.w NY 0)3.5) ‘_5”31....5 tﬁ)?“?‘“%" Abno

prEsEem

4y 3940 5 (H202 zmls) Joho ol LialS 4 oo Joocio iyl )3 GABA goss lopur (i Cod 106 g A
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@ 4295 b olS cpl wliunj b ojnl lacutS b o0 JUSa 3 p)SobS Vo —Fe v (i Ui g (9000 GRS 4 pxie
Bt 2014) 39 o0 wogmone 395 03l CulS dmugi )3 048 Sgazms Jols Loy (S 0351 pdy ISl Casho) 3929 9 Sk
o5 390 « ) B3k 1 ool wlol glodsly | (S Loy (i & oo deue ol ol (Kazemi Shahandashti .al
Elgl a5l i o5 Loy dles ) e sla i b > (Heidarvand et al. 2011) ol el 3956 5 Shos
Sl slaJsSse 5 bl dautign dox | Jsho sl JsSUse9Sle @ s slacul o (ROSY) Jlsb 551
LT Loy 05 Wl glauS] 25 5 WROS L ablis cas 55 (AMini et al. 2017) 545 0 aLS b Jsbo ;> SilS'ss
Heidarvand et ) 59 o sl lag 351 cullad g s olas pdas 5 )b 5l bewgpbio e i b (iS5 4 )55k 15,8
pdlie yud o Sl o o) ol g e b pgi dame (Giuyaelyy (dame o5 cod ol (al. 2013
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Ssdie 457 (GABAY) sl S gigiel LS 4 (DAOY) jlaesSlieliss bawgs b ond Joss (SPAY) oo s
Knight ) s)ls o,Lal Jawxe sla i 4 w0 PUt blis s 4 o0l plsl ol (Madhulata et al. 2014)
454 g gl @ S dlex 5l kS Sy > a5 ¢ b (@and Knight, 2012; Barrero-Gil and Salinas, 2013

Guye et al. 1987; Nadeau et al. 1987; Lee ) xS o Wl &5 loyw 4 Joo0 3980 10 PUL oga3ay PAS xoss

1- Reactive oxygen species; ROS
2- Putrescine; Put
3- Polyamines; PAs
4- Ornithine
5- Citroline
6- Spermidine synthase
7- Spermidine
8- Diamine oxidase
9- Gama-aminobutyric acid
f
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1- Free amino acid
2- C flux
3- Tricarboxylic acid
4- Glutamate decarboxylase
5- Polyamine oxidase
6- GABA transaminase
7- Succinic semialdehyde
o
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59y opyS 4y bis gl 6 sl S g (Shelp et al. 2012) w8 o st 1) sl SS9 (SSADH?)
(Gill el s ye Loyus 45 Jozs bl (sl GABA 15l o5 bS5 b Mol PAS e lio 395 0 TCA a8 > 5)lg
wpl (Yang et al. 2011) 595 o 50w GABA PUL 4555 ymo (g5l b S 5ok 4 and Tuteja, 2010)
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b w3l ool eddleb lie bls)l s plos! ollllas .(Minocha et al. 2014; Tiburcio et al. 2014) us' - 1Jg5 PAS
01 )5k azalS )3 &5 (gygbay cunl dly (Lt |y e sl i 4 (55 jbs pskaie 4 PUL g GABA (ggimo ol
Song et al. ) cdly il (ol o) b auglis > (gypSade job & Jooxio p8) 0 DAOD clld (SdensS Loy &
o8y 0 9 il Jesie 18y 10 DAO clld wals b duglio )3 loyw i85 <o sad Ll ZUCCHINT o400 ;> (2015
U5 cov )l amalS )3 m ] ol clld b el b clgime bls )l 4 a5 b .(Palma et al. 2014) cél, ials wlus
el s me iol5él (Duan et al. 2008) il il 55 DAO wpl culled PUL sgime (inl38l b lojo o0
oz ) et SoiT 2 oS Jooui Sgute 3 Wi Loy @ Gl (SIplis slojs 05 SUI b Sl w3l !
39) S Lop 35 Cod 3956 S alelid 3 Jood (gl sbadls I (o plyie 4 5 auily (285 Loy
(Shelp et al. 2012)
(Sinlon (Slogud 4 asuie Glyply K &5 gysb 4 witud pasuie sbluwge oL GABA byl b
» 5 (Yamamoto et al. 2012) 05,5 Wl laxe (slo i 4 gl 0 LROS Gl ¢y 1) (sitwsn sl pe ()]
szl g GABA e yals (Zarei et al. 2016) cul oo a5 4 )55k gl bedglio ol olie zoss
apoyh 208 a5 5145y e 3] ] > GAD oS gy sl o sl 4lisine ol 3 Jobo 2>
Mekonnen et al. 2016; Zarei et al. ) cul s)s8 g (Sid aler I Jame slo i @ b, Ll e8)lie
Golite aLS slaaies b sy 1 (i floj Cide 5 a5 olwl p e gew! xes5 olime 3939 ol b (2017
gl (B oy Oej nl San (Hussain et al. 2011) cul (i 4 olS Joo )0 ,Sily &S5k & 035
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1- SSA dehydrogenase
2- Cadavarine
3- Terminal catabolism
}
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AEEY Vo Gde dn Ao Ve il ColSeun b ok (Heidarvand et al. 2011; Saeed et al. 2011) s sl
Ll )3 lahaacssty 285 8 p5Y Casbo) b Ghadcsst o (Blo 326 59y slaie OT L gt | g g 04d (Jghens
Ao 1 b Gl 4 il (5alse 1 g 9 4555 5 S50 s Sike &y (pogeeds d3 VY (5led 5 )55 i
oyl dS Ll Gl (eze /Y0 4 SO ) dw Camd 4y (01 355 5 duslo ¢ gy (s3> o Blw 03 gla5)l g yio il 03193
V95 bulyd 5 a5l s oyesto p Jseg)Seo Yoo )5 b 5 olSitils il ol g sl g8 oSl sy BT 5
@ (LS gl (w)p Cap b 03l )18 200 VB (s Cugb)y 5 (gmdis 4253 VT (slod g i Cslu A g gy ol
G5 pg)) My BB 4y (48L5 gy Bl (ol g re ol Yo dgas £li)] L) lnaalS oS 5 Con jgy 5 dopw LS
Nayyar et al. 2005; Kazemi-) s Jize (5956 LTs0 (slod lgie ) g 4353 Jlox slod b (]! o ylodo!
1 SSeedsnss o5 I Ul Sy olgis 4 4zl p le Sy | o S 4ises (Shahandashti et al. 2014
Sloguly (o) p Ca) (A5 £955 Jl b 9y 9 (obS pBIBg5 (slaguely (yp ) Loy G5 955 51 o Ul 95
Ady BB ) asals 5l ¢ uSases (AMini et al. 2017; Karami-moalem et al. 2018) 1i plosl (oLS a5 o
b S 1 ey LS plos Susglsaid o) S48 plosl als el lsis & 55 sgmeds 423 VY (sles b
3 ol slagwl imgis ool oplply (Hurry and Huner, 1991; Kazemi-Shahandashti et al. 2014)
93 3 oo 42 Jlag slopw GI5 £908 5l Joy OB 9 59 S g 420 VY oled Laulyd cou baoalS
b oy ol g Joole gl

o o9l 3 ale 59t b (S 036 Wged p)S ke YO Jlio (H202) (359, daanST 5y (e (yimian
S sl Syl 6 5 Jglome il o & (o 9 3L JSH (6 Lo 10 (gSIB @ 05 g 392 A8 L5 )39 4
diged Sol> g b 033 )8 G plas )3 ladises (ASCAIS, b laogs 5 Ab Lol Cos 4 (& plo> )3 Jslowe) 4oy
Sl yideySe Be v oo b Sauty il VY e X0 Cae o b (womndas 430 Hlas (glod 10 5 4dBd VO oto & o eSS
Noadeo Vo Olind BL il oo /0 5 mamly 240 ) V50 SO Jglone (o G (g9l 222 005 S 4 g) e
Job 5 diged o ol ko ] (gm0 (13508 SIS, (sl S ks 53 5 (3,5 ig)ly sl iz Sl ey g A5 039581
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Loreto and ) ._s (¢ ,5s;las! (Shimadzu UV-160, Kyoto, Japan) yeg:sg xSewl sliws bwgs YA+ NM zge
b ol olS 5 g £ 53 J909sSes s b (Velikova 2001
bl 5l p,5 e YO .05 plosl Walter and Geun (1987) (g, 4 PUL o8 o (PUL a0 (giociows
3 53 23S o 0) T limsial sV ) ssls o Jlaz (PCAY) el Syl s lomo 2l s 9 55 (5
103 YO (S V) 52l 5l gl 425 Jlaz 5 6558 sl S 5l g 3 035590m (Lo ¥ Sy S
Jobore s e S0 5 PH, A L oS 3Lyl e S e glone ol 515 (e 00 93 (59 208 0303 98 (9,5
Vo) s Jalone sy, Sen Do (3,5 ABLSI J g 1 Loghiea 5 4831 (gl 2l oo S 53 25 o) «) Tl s
9 ab )9 4l Yo e @y 5 BLSI ol 4y (Fglgs g Sn v g 5 ab Bl LTI il (2 53 £ )5 e
s b odlatwl HPLC Lwg PUt U5, el Jgloe ool g ansls s JT 516 aids 93 o 40 00+ X 0 5o sk 5l e
Ve Jsb & (egSas 6 £ 3 Chrompack-Nederland (s & bl Jolomo 5l sy Ses o« PUL (oS (o)) ki
(Cambridgeshire, UK) Unickam-crystal 200 Js HPLC olKiuws 4 Juate yio Jio duws (315 jlad g 4o o
5 o7l o YA 4 VY s &y iy 059000 ) 9 Y sl (ol Ly igiasl boglos Jols S oo jl6 .05 325
g5 Jio 2 8 sl UV 55l ol ol y93555 15 plosl Sal)S gl ailobs )3 o] €5 4k 1 sio o 93 o b
s 5 (1815 5,15l l lsie a (HTD) litygiol s Vod 5l o3lizl b soms (sl sl by 510 melsls ytasil VYV
dy90 sladiges 0 ol (omwchale o PUL dgng s (clp LS €8 1 5l osd (6)lh,3 Jgogsli VO b+ /Y 51 PUL 5, lxske!
A5 ol olS 5 e py5 o 5D Jaegil Oy 4 uls (LOPEZ-GOmez et al. 2016) wi oxlizl islesl
so Ve Jbl sgls) ECA Ugbua dy)Suo Aee )3 (5 €l o5 e YO+ jliie GABA yfse (hirinw
2 90555900 (0 [ o [ 0] W) G 4y (Vg0 o3 S5 (HCH) ) )95 9 855 ¢ ooz o>
Xy by ogdes 420 )lo slod )3 5 4edd Ve Suse 4y ol 5l ey g 00 (oS3 BB Sy ko 4y s D 09y (gl
by lsee pals b yslids) 5 5,55 4o 93 Ibaore gl pel ol el JUil mos Gp 4 5Ll b Jouty il VY- -+ @
olKwd jd celw SO e 0 mlo 51w .85 18 ogmndis a0 Jla slod 50 joyaild S Cse 4y jalidy, LA
3958 Jo st 2l oo VIY 5 Jbio 525 Sen ¥ o g o 53 oo 3 el 4 05 Sz Speed Back sisas
V0 GABA o5 oLl yelate 4y (Palma et al. 2015) a_is ools joue (s yt09,500 /YT jild 51 50)55 51 L g 0D
ol 4y e y o oo ¥/5 I35 Jlab gy Lo YO Jobo 4 Hewlett-Packard i & Jgloe ol 5l 5y, Seo

Sioyd doyd ooV sols st Ol Jglomo ol aidd p i) oo +/F oy b (guitnd) S yoio 1 .5 30,5 HPLC

1- Perchloric acid (CLO4H)
2- 1,7-diaminoheptane
3- Dansyl chloride
A
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Ages 5l sl o9l Y zgo Job 13 9 S5 yegyeld g9 5l sl oyl 455 (Oh and Choi, 2001) >gs sl
A olil ol ecbale pxs g GABA sgng s ¢y (CatZA2129 Lw 8,5 Lals GABA Joloxe) 3,luilin!
b gl o p p S e 2 JgagySen Cope 4

AL e WY 3 (S5 28l 25 (o o0 038 35 3] oy (EC 1.4.3.6) DAO o 31 cdlad s
L ogmb a3 Jlag sled 3 5 4B Yo e a boaigad (PH = 810 L Voo o Ve v Sland s 53L) el
o) el i STy (LOPez-GOmez et al. 2014) wi aiilsp gy mlo g odd Soats ybo Yooo v X § Cas puo
g0 PIVO) JiiSly Jodome jidg S Ve PH = 810 L Yoo o Voo Sland s (3L 529 S0 5Y+ (55l> DAO
Voo fPH = 5/0 L Yoo duo Voo cliwd modw 3L yid Juo YO & o lgiel=F 5 oo Y/0 & il Lo g3 = )
5 5 w903 ylg)See Voo (PH = FI0 L Vga o Ve v lind s 3L i oo 13 25 eo VIFY) jlaneSTy 535S
2 ot ol b Glie 3 (PH = 10 L Vgo o Vo v i a3 i oo o o5 o YY) PUL 2y S Vo
Shimadzu UV-1603 cell positioner CPS 240A, KYOt0, ) jiogég Sl ol lawgs yiogil 00+ zge0 Jobo
5 ol 4853 ) gy p)S ke 2 J9es)See Cpgee 4 B A5 (5,503l (Japan

& Jsbo JS RNA #l 5wl :Quantitative real-time PCR ,iiS1g  CDNA 3w (RNA 1 S
kS 88 ool iyl (i sl o gl 51 S8 @ eate b (Sl slokiges S ko A b sl by
5185 (osigns RNA 8l g3 JS5 (1 JS5) 45 a0 2o S 55T 5 (s 3 53599550 b 005 ! RNA
5l o8sd I RNA Clile e oS syt slyr 558 3l |y 00 aulss RNA (YU S e J5 69y 2 255
w51 L o gl sl RNA s ads o 45 o oolizul YS+NM zge Jgb ,» (Thermo Scientific model 1000)
o253l (U) aoly S Bl g oo Sy RNA £55,S00 93 5 o jliie b &8 b (o2laitiy B9, (ool » DNasel
oxilwy yidgySae Vo 4 Jolo wes DEPC Ol (134381 L 5 bgle RNase inhibitor o, 31 (U) ssls V- g DNasel
Sl dy g a8 Ll g & EDTA 1y )Sin S g i8)5 )58 Gugrads 420 YV (glod 3 ado e Do a5 05
CDNA cilo jslaie 4 505 (6510855 wgedus 4350 —Ac 15 g 505 03l )13 ogmulis 43 £O (glod ;5 4ids V-
oo 5 A5 bl (15588 5 WASY ) (JgesSs o) 5 6 55 56T e |y DNase b oas oy RNA iy So
3B ogrmndes 423 Ve (glod )3 diB> gy e s bgls ol 5 il 2,840 1) 4 DEPC Tl oslitl |y Joloo
L (ANTPS) ol 5595 5 cuslisd j2dg)See 99 9 SSTy Bl g So Jlog s 45 330 22 89 O S e 9 €85

2 4 DEPC Ol U Jodoe s g o a8l g5 - 4 RNase inhibitor o 5l asly Yo g Jgeg,5u0 Vo clale

1- NN-dimethylaniline
2- 4-aminoantiprine
q
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Figure 1. Extracted RNA. From left to right: 1) 100 bp DNA marker, Fermentas; 2,3)

tolerant and sensitive genotypes under control conditions and 4,5) tolerant and sensitive
genotypes on the first day of cold stress

Al polatody MBS )5 (gl x> Ve (glos )3 dldd Ve e 4 g STy (35 Sl et Sl e
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= 95Sue 13 £, S 95L VIFD g (VAL DP) Jhasls 5 b o iS5 anhad o3Il cdisllas I Sl zuls b ealitw] oy S
Cianysld S5, gl €S ptdgSao Ve ol (Sl bglseo sy Ses Yo o 0 oolizol CDNA s (ol RNA
Vocdale b wgSan g aiitne polaidl ST SIS a5l g e G eyl Jlaie T g See v EVagreen
A (e (VY i b oad (3:8)) 33 9S00 )3 )5l YO+ bl L ond siis CONA w905 il Sn 0 5 Jgo9,See
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S L ogd (omie b pbul Togd e Julou g 5o il ealitel b Tesds iS5 ciladad 0gr (olaid] Wl jogande
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wla e s 4 4 L (Pfaffl et al. 2002) 59 —Y/FY g =Y/VY Cpo oe)Sy s b 930 ¥ 5 VA g0
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ooy 4o Primer 3 cLas,b 5l oslewl L ACTIND Jbhasls 5 uomen o https://www.idtdna.com sl 4
b3 plonl cowlio Olwgas (gl sla Skl 4 olaws <l Www.embnet.sk/cgi-bin/primer3www.cgi

() Jg)

(APCR) (2315 3l 33 31 youks (1o gy (yiiSTg 45 o a3liw! 55T sla JIgi .Y Joua
Table 1. Primer sequences used in gPCR amplification

) Gene Protein o Ta Length
Accession No Sequence (57-3")
name name (°C) (bp)
Glutamate F.GTGTTGTCATAAGGGAGGACTT
XM_004503044.3 GAD1 58 124

decarboxylasel R:CTAGTGCTGCTGCTCCTATTT

F: CTACGAATTGCCTGATGGAC
EU529707.1 Actl Actinl 57 189
R: CCTCCTGAAAGGACGATGTT

a9 (olad (g pSiges b (Bokas MalS )b LB 5 o956 iulel ol s adllas o) £ g Lol (G owryye
O3 e ol 025 aileil sl (SeST ST a5 (s 1SS 93 5 Sl i lagileil Gl s LSS

s plol SAS 9.4 Jisl 5 (P <e/+) 55 sy & (5o Aunlio 53051 5 2 plos] GADL

\- Relative expression software tool
3
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PNVE GRali8l G5 o 9y 93 9 )0 ime i Ll (s Rl gl 59y 53 8l L aliio ) PUL l5e Jooxte o3
b) 92 yieS o Joodio G} b dunlio ) Culgilio (ol Glise (Rl (35 i o) 53 (les udgif 53 &Sl > ey
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L Ll Sy 4o pune 5 (AOS) S Toel s Slgsam Lojus (15 cod (S densS sl (5l Gil3dl
Al ol (Groppa and Benavides, 2008) auS o ug 36 H202 degl (5l i3 ¢ 5131 sla JSGol, a0 Jas]
Mine il g plSindg; gl 1 H202 (i (oo Q1N Sl (285 Lopw 4y Jood S99 Jshor (sjliwgon
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A5 o5 w9 (103 YY) sald Laylpd )0 oa Jeoxie (i 0 o e dp ST il (gl ine il aals b awslie
Shelp etal. lawdl b @ls cul (o JS3) 391 it ol Gaigis b aualie ) o) sme ygb & (303 VF —A4)
e &S o35 Uil cudhs calae bl Ll LS 5 GABA i iwjpmé slais cov & (2012)
oz 3l s g S slaal 5 LS dojs (s 39S Aoz | ugjnd ot cos Gl > GABA

(Shelp etal. 2012) wb o goo 35k b (539 g 035 «cs)ls3olS

ol S Fgginellol g (PUL) commn g0 (H202) (19, waSTi lime iliyly wjads Y Joua
3 55 (GADL) MheuS52,53 Slaligh (35 a0l 3 (DAO) jlasuSTinlisd w3l Cllad (GABA)
o s A7 a5 615 95 (196 11439) Jaswio 5 (ILC533) Lyl carigi

Table 2. Variance analysis of hydrogen peroxide (H20,), putrescine (Put) and gama-amino
butyric acid (GABA) content, diamine oxidase (DAQ) activity and relative expression
glutamate decarboxylasel (GAD1) gene in tolerant (Sel96th11439) and sensitive (ILC533)

chickpea genotypes under cold stress

MS df
GAD1 GABA  DAO Put H,0, SOV
2183 252+ 1.8+  3166.22** 3327.64* 1 RS
Genotype
109.1## 0.98# 3.05## 768.51** 747.98#* 2 o Sy oy9d
Stress period
85.8#* 0.21% 0.56%* 230.54* 664.88%* 2 o Pl 0,90 X uigd)
Stress period x Genotype
0.056 0.007 0.06 5.53 1 12 s
Error
4.77 5.72 17.7 9.1 1.1 (%) oy g >
CcVv
WY
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Figure 2. Change in Hydrogen Peroxide (H:20:) content in the leaves of tolerant
(Sel96th11439) and sensitive (ILC533) chickpea genotypes (black and light gray bars,
respectively) grown under control (23°C), day 1 and day 6 of cold stress (4°C). Different

letters indicate a significant difference among the means based on Duncan’s multiple

range test (P < 0.01)
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Figure 3- Change in putrescine (Put) and gama-aminobutyric acid (GABA) content,
diamine oxidase (DAO) activity and relative expression of glutamate decarboxylasel
(GAD1) gene in the leaves of tolerant (Sel96th11439) and sensitive (ILC533) chickpea
genotypes (black and light gray bars, respectively) grown under control (23°C), day 1 and
day 6 of cold stress (4°C). Different letters indicate a significant difference among the

means based on Duncan's multiple range test (P <0.01)

10
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



SN,

(\Yiﬂﬂ )'»ﬁ'lb Y D)Lo.w NY 0)3.5) ‘_5”31....5 tﬁ)?“?‘“%" Abno

prEsEem

S 039 3955 ol 5 oo cadgi 53 Loy (85 gl 5y 53 PUL o ime e (l38 Shmgly cpl ) Ll 4SS

slecdglio 4 PUL has 5 4508 —0 g lopw (35 4 i) 99 2855wl 2Ulg pae —dll sadl o 5050 53 Silo
3y Jgl b jlas 4 (5 w9y 53 Jeie adgil 3 (oo slacs)lud (i ialS 4 ar g L GABA dlex jl S0
bylyd s Yol 295 00 30l Gudgij 93 0 )0 (5 Jgl js) 05 GABA Jb e (I8 > & pgd an )b 5 00
GABA {50 mbats Sglio (slopne Colleb Lot Jams (gla i <o Joho Lol /opgmlias] Jols 5 oo

I CSesS Uit bgw ady)y 9 cle MBL LS 1 cwiia eb g ieS] Dete g "deeS L Cod .l e

Xiang et al. 2007; ) wb o g0 GAD (5] clleb bawgs ol 5l salael Lisw 9 PAS o 56 pne 3o, ;] GABA
o s Al g Gl Loy 15 cov GABA (500 5955 55 a5 aad o ol Bai>s ol s .(Yang et al. 2011
JSb DAO 51 s g GABA PUL 5o yss 4 255 L) PAS 55 50 42 1503 (590 31 s GABA jiiusss
e o 3w GABA DAO S & PUt o 55 yume (giloJld b Yilaas! &S 6 yobds ol dtunly (z o «dll =Y
b Jsaxe olgsdy H2O02 oloyply Jsse goos csl PAS 1ugbls gy GABA s (Yang et al. 2011)
e el JSI slajas 33 Cld L) (gt e ot ply > (2B (ly el oS 35300 55 PAS (gplines]
gl als yo gl 15 ciomen Gloyply JsSse ol (Wimalasekera et al. 2011a; Shelp et al. 2012) s .
i €08 GABA 3 PUL 15 (56801 L gillas 395 00 52k b (5ST soms JI03], 51 SOD o1 cllad 51 5 ol
Callad 5o VL 45 g pskar 1 il s Slis s b duglio )3 ol g Jaoxite g 1> DAO 5] cllab doyus
loyor 25 €05 g5 0y > DAO 3l cdlad (=Y JS) 8 osmlitio Joxito o] 53 Lo s G5 i 95 53 w23 ()
cld wals b awlie ) Loyw i3 cov 45,31 (Sheteiwy et al. 2017) cusly aolil x5, Lilefl ol zols e
S92 FuS Joeie cuisi b dunliio ) olec 3935 53 939mo Kigy cul Ll el (o381 89, 55 el iy > DAO
loalols Cins oy Yleto| Jootio Guigf b dunlio )0 (ol gy 0 mpl ol colled (lil 8 85 (&Y US2)
Loy 25 o8 PUL 505 359y b & (ol g Jooeio o] b dualiio )3 Loy ay Joo dgste 53 ol gl (o
s |y GABA Sl sslgisel 51 i H202 0Jgi b olyen PUL 4355 Jole gty DAO 51 sl cisllhae 5
il bwg ] o b lojen PUL 5w > 4 3459 ool L (Duan et al. 2008; Shelp et al. 2012) x5 »
sdnlite )l ixe yud pas e 5 bl aald b dulie )3 (5o ine (il iy 3 (i gl g, 00 PUL 50 DAO
Js 4 Ylainl a5 55 DAO e BMS py Lo po a5 s g Aol baylyd jd Jesie i) o H2O2 o (6651 0

ol Sl 5T bl cdld bwg H2O02 Gls o wles cwigy b dwlie > Joxie cuig; »YL LK

V- Hypoxia
v- Anoxia
V&
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



RN,

yyaa ‘O‘)&o& 9 c.?;ﬁ"'

wamsml,

LS cod 53,5 sy o Duan et al. (2008) slaaidl b ls ol (Heidarvand and Maali-Amiri, 2013)
bls)l 53 DAO o5l codled b sl ol (liee 5 48l (2al38l DAO 5l cllad PUL je (al331 L lojan (6504
Cos Cuig) 90y 0 PUL clale 4 ataoly boyuw a5 cov DAO culé oS )y o Jlasas ool ol sl Slgsean casl
Js w5l ol passs e b b Jaoxio coigs 50 4251 g (H202 gli) ko (sloml 4 guoly joliato & Lo (15
Clld Lopw 0l H 5l (S5,84065 )3 a5 edly i laimgh e olyen H2O02 pasis ials L PUL iy xeos
M ze Hialiél lply (Song et al. 2015) cél ()il joles b dwslie 3 (o pSedin job 4 Joxio o8, ,5 DAO
ot 4 olS Jaod 35y )3 Bl oo Loyus & sy (Sdplio (la o (3,5 ST o)l I PUL oSy o5 51 el
o glay) y ogMe PUL pud goblS oo (slois coss (Shelp et al. 2012) ail acily (58 Loy bl anj e
90950 ey cAudyy 903 Joluo 0)lgsd plSoiinl ¢ Sjailgx dlox ) (905 g by Slasnl b I gyl o Sl gl )gjle 5
youo 4> 51 ien (Tavladoraki et al. 2012) )l c8)lie Jobo Sloypls g TCA a5 )8 )l (o
oo b by > 4 g G 5l 55 3l 58 pe )b Wacglio ol Gliee @il )3 age (18 PAS s
Cusl 9o Ll siliwgen ;> H202 3 GABA (Jlujely slaJsse g5 103 (sgw 5l 5 aslginel daste (ol gilio
9 Jostio 9 e slacg; ;> DAO ol cullsd plaie oo« jimgh ol b oplpl (Moschou et al. 2012)
Olyea ml ol cld adlas oS gyob 4 odls (i |y 2]5 3956 0 Loy 4 plSin 3 5 plKindg; slagusly (pizren
Alyea bedglie oyl zess 3 GBS saiSanl Liolesl bulys ;5 GABA ¢ PUL Wg e 93 5l (S5 ) ge Jole
Gl 155 Bl Lo G5 205 3956 (slaceiy  (H202 glis) Jolo slocasl Jelse e )3 Joos (sl jaslis
@ oo onl 3 odd 6 Sojlul Joku slacdplio (lise o g (Rl el Loy A5 ot 35 ol ] > oS
=8> lapullo Wl g Lopw (A5 4 Gl e )3 J5 (lee ] (oo oS 4 A sdalde Jeodte i g
aahl 4 B Jolo i ol 1 0395 ROS jloe 4y 2B el 5L oS5l o (S5 cud )b ais o 4 Ll 03,8 3
Dy Al & 5 Ol
e Sl & gl Splie 60l ) (s5sn s ol 2] (S GAD a3l oS 565 GADL
U5 4 gl GABA clgplio s (e Joge ol 4 ol jelaieas (Mekonnen et al. 2016) .l
@ Joxxio 5 (lun gy 53 ald b dulie ) Loy 5 cow GADL 5 gl s oy GADL (5 (o ol o jos
b dealie )3 plp W lojus (A5 @i 59 33 Jaodie qadgi 13 (0 ol o Ol Olie & (spsbods 8l ul3dl diwgy oo
VO b 3ol b dwglie )3 bojus (15 0l 9 Sl Gy 0 b i 53 05 ol Ol (57T USS) by a8l aals
sl oS il oalel jolaiod unsig) maw ) pois Culled S Wl Sl gl ol -V JS2) Bl (Il e 90

PO il oy 2 05 ol o Ole Olire Omimed Ml e jlus (yieS Sep Slilge 4 Sl slaled b ag)bs)
VY
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



SN,

(\Yiﬂﬂ )'»ﬁ'lb Y D)Lo.w NY 0)3.5) ‘_5”31....5 tﬁ)?“?‘“%" Abno

prEsEem

G5 b amlie ) Joorlo o] )3 e 0l (92 590 1 S oS 3 el g Sl Skl MD Joiie iy
olis o el cilae (i3 cos GABA (e @l b o) cnl ol owiren D91 by & Jood Wl g > (ol
 Shalia w39 2955 )3 lopw & sl Jgtme Clplio pline il L oliial )3 (pungig) gdaw 13 0f Ol @alal 3
S s Bl sier gl ) ALGAD (lagySigy () Cusd 3105 49 35 Jsho ol (a3l ol Lawss
L5 69h g Suis laiS cot (pey o) Jsere LS b awlis 3 Jsho (sB> clagul 3 GABA
& gl > GABA 4 clbliglf b s a8 i ,S5Ls o5 (Mekonnen et al. 2016; Zarei et al. 2017)
Ol dme iyl Bl 5> Josxio glals )3 05 ol Sl el oty @l 4 2255 b culpliy el i Slais
S o el bojo 15 41 (5) 55l slagesly ol 3lml )3 (5 90 i Jsh (5iliwgegn 5 o)
1 (GABA 5 PUt) 0.0 (5,:50jla0l cheudibio olsse 5 (H202) oo sl asls LLsl 1 IS (6 a8 i
03 obe s DAO 5l e dleb @ljls o ay oo oo} 5 acudgulio ol gos o (gygbods 092 o llojl 0l
GABA g 0956, logw i 4 Joot 390 jobatods (Y ¥ (sla JSC3) 340 bli)l 1>  Joho el yialS' L GADL
rlote slagwly g3 e y5Jlsd PUL &35 s (izman 5 (GADL (5 o) clsibio ol jgn yre colled Lawgs
3955 ol &5 4Bl cpl 092 Loy (A5 &1 3955 ok (o> iz 35y JS0ly Loj (15 &) i} plin s 5 plSindg
)1 opus 15 4y g0y Joo Jshos slacl (lie (10 oo cliSSgysanl plsisas GABA ity geos 4l
ol > (Sl Giso T (oSl Glgie 4 1y o] (jtmgn Cilise (sla s g GABA (gime s Conl ()Son
A g Al el crdalobw WL ol yon LJL; &S il pl dadlllas WS dlpciig 3956 (glo g 4 oo slacuiss;
40 9955 GLacin) ) (eSS Ollllas bl b dalgs oxie (o5 3956 )3 Loju G5 &) JooS d9at0 0570 i S
4 dogr b g edlatel 5956 Jlub (65,9l (sladel s 3 )3 lojs 5 4y Joou dgug < > GABA 5,5 sy oo Hla

595 adllas gals ysboas b 3556 S g 3,Skas  GABA Jlasiol BT ¢ ooty slo il

YA
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



RN,

yyaa ‘O‘)&o‘% 9 c.?;ﬁ"'

wamsml,

References

Alcézar R, Tiburcio AF (Eds.) (2018) Polyamines: Methods and Protocols. Humana Press.

Amini S, Maali-Amiri R, Mohammadi R, Kazemi-Shahandashti SS (2017) cDNA-AFLP
analysis of transcripts induced in chickpea plants by TiO, nanoparticles during cold
stress. Plant Physiol Biochem 111, 39-49.

Angelini R, Cona A, Federico R et al. (2010) Plant amine oxidases “on the move”: an update.
Plant Physiol Biochem 48, 560-564.

Ansari WA, Atri N, Singh B, Kumar P, Pandey S (2018) Morpho-physiological and
biochemical responses of muskmelon genotypes to different degree of water deficit.
Photosynthetica 56, 1019-1030.

Barrero-Gil J, Salinas J (2013) Post-translational regulation of cold acclimation response. Plant
Sci 205-206, 48-54.

Bouchereau A, Aziz A, Larher F, Martin-Tanguy J (1999) Polyamines and environmental
challenges: recent development. Plant Sci 140, 103-125.

Cona A, Rea G, Angelini R et al. (2006) Functions of amine oxidases in plant development and

defence. Trends Plant Sci 11, 80-88.

Duan J, Li J, Guo S, Kang Y (2008) Exogenous spermidine affects polyamine metabolism in
salinity-stressed Cucumis sativus roots and enhances short-term salinity tolerance. J
Plant Physiol 165, 1620-1635.

Gill SS, Tuteja N (2010) Reactive oxygen species and antioxidant machinery in abiotic stress
tolerance in crop plants. Plant Physiol Biochem 48, 909-930.

Groppa MD, Benavides MP (2008) Polyamines and abiotic stress: recent advances. Amino
Acids 34, 35-45.

Guye MG, Vigh L, Wilson JM (1987) Chilling-induced ethylene production in relation to chill-
sensitivity in Phaseolus spp. J Exp Bot 38, 680-690.

Handa AK, Mattoo AK (2010) Differential and functional interactions emphasize the multiple

roles of polyamines in plants. Plant Physiol Biochem 48, 540-546.

Heidarvand L, Amiri RM, Naghavi MR et al. (2011) Physiological and morphological
characteristics of chickpea accessions under low temperature stress. Russ J Plant
Physiol 58, 157-163.

Heidarvand L, Maali-Amiri R (2013) Physio-biochemical and proteome analysis of chickpea in
early phases of cold stress. J Plant Physiol 170, 459-469.

Hurry VM, Huner NPA (1991) Low growth temperature effects a differential inhibition of
photosynthesis in spring and winter wheat. Plant Physiol 96,491-497.

14
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



SN,

(\Yiﬂﬂ )'»ﬁ'lb Y b)l.o.w NY 0)3.5) ‘_5”31....5 tﬁ)?“?‘“%" Abno

prEsEem

Hussain SS, Ali M, Ahmad M, Siddique KH (2011) Polyamines: natural and engineered abiotic

and biotic stress tolerance in plants. Biotechnol Advance 29, 300-311.

Hyun TK, Eom SH, Jeun YC et al. (2013) Identification of glutamate decarboxylases as a -
aminobutyric acid (GABA) biosynthetic enzyme in soybean. Ind Crop Prod 49, 864-
870.

Karami-Moalem S, Maali-Amiri R, Kazemi-Shahandashti SS (2018) Effect of cold stress on
oxidative damage and mitochondrial respiratory properties in chickpea. Plant Physiol
Biochem 122, 31-39.

Kazemi-Shahandashti SS, Maali-Amiri R (2018) Global insights of protein responses to cold
stress in plants: Signaling, defence, and degradation. J Plant Physiol 226, 123-135.

Kazemi-Shahandashti SS, Maali-Amiri R, Zeinali H et al. (2014) Effect of short-term cold
stress on oxidative damage and transcript accumulation of defense-related genes in
chickpea seedlings. J Plant Physiol 171, 1106-1116.

Kim TE, Kim SK, Han TJ et al. (2002) ABA and polyamines act independently in primary

leaves of cold-stressed tomato (Lycopersicon esculentum). Physiol Plantarum 115, 370-

376.

Kinnersley AM, Turano FJ (2000) Gamma aminobutyric acid (GABA) and plant responses to
stress. Crit Rev Plant Sci 19, 479-509.

Knight MR, Knight H (2012) Low-temperature perception leading to gene expression and cold
tolerance in higher plants. New Phytol 195, 737-751.

Lee TM, Lur HS, Chu C (1997) Role of abscisic acid in chilling tolerance of rice (Oryza sativa
L.) seedlings. 1. Modulation of free polyamine levels. Plant Sci 126, 1-10.

Li Y, Fan Y, Ma Y et al. (2017) Effects of exogenous y- aminobutyric acid (GABA) on
photosynthesis and antioxidant system in pepper (Capsicum annuum L.) seedlings
under low light stress. J Plant Growth Regul 36, 436-449.

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using real-time
quantitative PCR and the 272A¢T method. Methods 25, 402-408.

Lopez-Gémez M, Cobos-Porras L, Prell J et al (2016) Homospermidine synthase contributes to
salt tolerance in free-living Rhizobium tropici and in symbiosis with Phaseolus vulgaris.
Plant and soil 404, 413-425.

Lépez-Gémez M, Hidalgo-Castellanos J, Iribarne C, Lluch C (2014) Proline accumulation has
prevalence over polyamines in nodules of Medicago sativa in symbiosis with

Sinorhizobium meliloti during the initial response to salinity. Plant Soil 374, 149-159.

Y.
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



RN,

yyaa ‘O‘)&o‘% 9 c.?;ﬁ"'

wamsml,

Loreto F, Velikova V (2001) Isoprene produced by leaves protects the photosynthetic apparatus
against ozone damage, quenches ozone products, and reduces lipid peroxidation of
cellular membranes. Plant Physiol 127, 1781-1787.

Madhulatha P, Gupta A, Gupta S et al. (2014) Fruit-specific over-expression of human S-
adenosylmethionine decarboxylase gene results in polyamine accumulation and affects
diverse aspects of tomato fruit development and quality. J Plant Biochem Biotechnol
23, 151-160.

Malekzadeh P, Khara J, Heydari R (2014) Alleviating effects of exogenous Gamma-
aminobutiric acid on tomato seedling under chilling stress. Physiol Mol Biol Plants 20,
133-137.

Mekonnen DW, Fliugge Ul, Ludewig F (2016) Gamma-aminobutyric acid depletion affects
stomata closure and drought tolerance of A. thaliana. Plant Sci 245.

Minocha R, Majumdar R, Minocha SC (2014) Polyamines and abiotic stress in plants: a
complex relationshipl. Front Plant Sci 5, 175.

Moschou PN, Wu J, Cona A et al. (2012) The polyamines and their catabolic products are
significant players in the turnover of nitrogenous molecules in plants. J Exp Bot 63,
5003-5015.

Nadeau P, Delaney S, Chouinard L (1987) Effects of cold hardening on the regulation of
polyamine levels in wheat (Triticum aestivum L.) and alfalfa (Medicago sativa L.).
Plant Physiol 84, 73-77.

Nayyar H, Bains TS, Sanjeev K (2005) Chilling stressed chickpea seedlings: effect of cold
acclimation, calcium and abscisic acid on cryoprotective solutes and oxidative damage.
Environ Exp Bot 54, 275-285.

Oh SH, Choi WG (2001) Changes in the levels of y-aminobutyric acid and glutamate
decarboxylase in developing soybean seedlings. J Plant Res 114, 309-313.

Palma F, Carvajal F, Jamilena M, Garrido D (2014) Contribution of polyamines and other
related metabolites to the maintenance of zucchini fruit quality during cold storage.
Plant Physiol Biochem 82, 161-171.

Palma F, Carvajal F, Ramos JM et al. (2015) Effect of putrescine application on maintenance of
zucchini fruit quality during cold storage: Contribution of GABA shunt and other
related nitrogen metabolites. Postharvest Biol Tec 99, 131-140.

Peng H, Cheng H, Yu X et al. (2010) Molecular analysis of an actin gene, CarACT1, from
chickpea (Cicer arietinum L.). Mol Biol Rep 37, 1081.

T\
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



SN,

(\Yiﬂﬂ )'»ﬁ'lb Y b)l.o.w NY 0)3.5) ‘_5”31....5 tﬁ)?“?‘“%" Abno

prEsEem

Pfaffl MW, Horgan GW, Dempfle L (2002) Relative expression software tool (REST) for
group-wise comparison and statistical analysis of relative expression results in real-time
PCR. Nucleic Acids Res 30, e36.

Planas-Portell J, Gallart M, Tiburcio AF, Altabella T (2013) Copper containing amine oxidases
contribute to terminal polyamine oxidation in peroxisomes and apoplast of Arabidopsis
thaliana. BMC Plant Biol 13, 109.

Razmi N, Ebadi A, Daneshian J, Jahanbakhsh S (2017) Salicylic acid induced changes on
antioxidant capacity, pigments and grain yield of soybean genotypes in water deficit
condition. J Plant Interact 12, 457-464.

Saeed A, Hovsepyan H, Darvishzadeh R et al. (2011) Genetic diversity of Iranian accessions,
improved lines of chickpea (Cicer arietinum L.) and their wild relatives by using simple
sequence repeats. Plant Mol Biol Rep 29, 848-858.

Shelp BJ, Bozzo GG, Trobacher CP et al. (2012) Hypothesis/review: contribution of putrescine
to 4-aminobutyrate (GABA) production in response to abiotic stress. Plant Sci 193,
130-135.

Sheteiwy M, Shen H, Xu J et al. (2017) Seed polyamines metabolism induced by seed priming

with spermidine and 5-aminolevulinic acid for chilling tolerance improvement in rice
(Oryza sativa L.) seedlings. Environ Exp Bot 137, 58-72.

Song Y, Diao Q, Qi H (2015) Polyamine metabolism and biosynthetic genes expression in
tomato (Lycopersicon esculentum Mill.) seedlings during cold acclimation. Plant
Gowth Regulation 75, 21-32.

Tavladoraki P, Cona A, Federico R et al. (2012) Polyamine catabolism: target for
antiproliferative therapies in animals and stress tolerance strategies in plants. Amino
acids 42, 411-426.

Tiburcio AF, Altabella T, Bitrian M, Alcazar R (2014) The roles of polyamines during the
lifespan of plants: from development to stress. Planta 240, 1-18.

Walter HJP, Geuns JM (1987) High speed HPLC analysis of polyamines in plant tissues. Plant
Physiol 83, 232-234.

Wang C, Fan L, Gao H, Wu X, Li J, Lv G, Gong B (2014) Polyamine biosynthesis and
degradation are modulated by exogenous gamma-aminobutyric acid in root-zone
hypoxia-stressed melon roots. Plant Physiol Biochem 82 17-26.

Wang Y, Luo Z, Mao L, Ying T (2016) Contribution of polyamines metabolism and GABA
shunt to chilling tolerance induced by nitric oxide in cold-stored banana fruit. Food
Chem 197, 333-339.

YY
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



RN,

yyaa ‘O‘)&o‘% 9 c.?;ﬁ"'

wamsml,

Wimalasekera R, Tebartz F, Scherer GF (2011a) Polyamines, polyamine oxidases and nitric
oxide in development, abiotic and biotic stresses. Plant Sci 181, 593-603.

Wimalasekera R, Villar C, Begum T, Scherer GFE (2011b) COPPER AMINE OXIDASE1
(CuAO1l) of Arabidopsis thaliana contributes to abscisic acid- and polyamine-induced
nitric oxide biosynthesis and abscisic acid signal transduction. Mol Plant 4, 663—678.

Xing SG, Jun YB, Hau ZW, Liang LY (2007) Higher accumulation of y-aminobutyric acid
induced by salt stress through stimulating the activity of diamine oxidases in Glycine
max (L.) Merr. roots. Plant Physiol Biochem 45, 560-566.

Yamamoto A, Shim IS, Fujihara S (2012) Chilling-stress responses by rice seedlings grown
with different ammonium concentrations and its relationship to leaf spermidine content.
J Plant Biol 55, 191-197.

Yang A, Cao S, Yang Z et al. (2011) y-Aminobutyric acid treatment reduces chilling injury and
activates the defence response of peach fruit. Food Chem 129, 1619-1622.

Yang R, Chen H, Gu Z (2011) Factors influencing diamine oxidase activity and y-aminobutyric

acid content of fava bean L. during germination. J Agric Food Chem 59, 11616-11620.
Zarei A, Chiu GZ, Yu GH et al. (2017) Salinity-regulated expression of genes involved in
GABA metabolism and signaling. Botany; https://doi.org/10.1139/cjb-2016-0304.
Zarei A, Trobacher CP, Shelp BJ (2016) Arabidopsis aldehyde dehydrogenase 10 family
members confer salt tolerance through putrescine-derived 4-aminobutyrate (GABA)
production. Sci Rep 6, 35115.

Zhang X, Shen L, Li F et al. (2013) Hot air treatment-induced arginine catabolism is associated

with elevated polyamines and proline levels and alleviates chilling injury in postharvest
tomato fruit. J Sci Food Agric 93, 3245-3251.

Y
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500


https://doi.org/10.1139/cjb-2016-0304

SN,

(\Yiﬂﬂ )'»ﬁ'lb Y b)l.o.w NY D)gb) ‘_5”31....5 tﬁ)?“?‘“%" Abno

prEsEem

A1
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



