Lol S by 5 it g 5 = e aelilad
FAY-OY ad o MYA0 ol Mol — J—.

WWRE/A/ 8 o 0y ey — VFRF/ /1Y il 5o 5

289930 9 U TS ACC 8T g3 w9 33 (092 S4 5w ST 2 9 Silulir

behnaz.oujand@yah00.com il -1 cile 8 43 iy (5555 5 oxins (oSS Dot o iils (UL OOl il )5 (g miils 2k 5591 3L i@
S - = *ok
maleki.li@gmail.com ol 1 ols 8 catb iy (55l 5 g oSS I ams o _ils (LU el skl o 3g—ox0

shahryar.shakeri@yah00.com il 1 cils 87 b,y (6555 5 oo (o eaSG D ammni o815 ¢85 5 g Sn Lokl
sedighe.poorahmadi@yah00.com «o -l cole 874 iy (5555 5 (Fwr oSS SMamss ols LS Dl i gl 57 (5 el
parvanehabedi2008@gmail.com ol 1 cols S wals dg5 oK ils (655 s s Son &y Ayl o wlid)S (5 g2l

genabns2@yahoo.com (ol PR S sl s g 50K 25 o) s S ks R

DGl b e
DF——33909 & d——0
H-E S— U S—1 T )

(S (K05 dosdle

NS>

o
oshe casmsns GBS L Ll G b pis Bl 5l go1)5 OLaLE b o s glac ST Lap s to kiR
5 (LTS ACC) SLnTs S 31 87 0l 5 S T 5 U5 e 51 (5 50 (Slaobll 03558 S
cardlas ol 3l Coda s g dial s 5 aben Jasws Calibes Loyl 5 55 2t aeSia S sloul 53 cliyls |y gh g sa
el 525y 5 LTS ACC @ 3T oS W 5 o (osm92l) Slow s JU 2

039,75 pie 35 MO Lo (595 oty s GLaaTs ACC S U 5 (ns 9505 Slady s S5l (51 1 (995 9 Slgw
slie ol s 4 § L s uald O pieds 55 059 28 BEMO Lss “piomen . Lkl o3ls <iS” (NHACI 3 ACC)
lolis JLWTS ACC 58 W 5 (slats 5 ;505 Jasms 55 & Cand ACC (55 MO Lasws 53 laty ow Ay Ol s (5T
plod A sl Chrome Azurol S (CAS) gbe S s Sl Sk Sy Slap s bl 5 Lids
Lot s 0n o o Lolid (6228 8 el olss S T B 53 (T T 503 8 plonil 1SS 53 s ajles
s 63lizal 165 IDNA 05 b JIg 55y 5l sy 5 5l ACC ssSd ¢

313 0L s L1t (5 S 5 63l gk 5 St TSACC M5 ) ity 2355 &g VF bl 3 gl
CtS Lo 53 (6 g Ay Sl $ 4 e 2l 5252 5L TS ACC 0 5T A5 015 LI R8 & o Lol iy g Ao (0 51 87
o2t CAS e romiw i) Sl eslinl Ly dsy Al o 5342l il MOHNHACH s M9 Looes 55 4 s MO+ACC
BB a5 b ) ) gy yden A 5 Olgn o 220 R12 & 5 OT 5510 1) 500k 5 (U155 & 5 A oS 2
s oluts Sinorhizobium meliloti ol o4 R12 s R8 (glaas o ¢ IS 50 5JLT

e g BT 51155 o ol 3L Ts ACC Ul 5 oUls (sl 45T R8 & gun 3 52 5 3L 5 oz 45 1S o8 domld 9 o
351315 s sskem I 5 UIS S GORI2 & (3 b 5108 (6,8 gl 55 51 55 5 o5 8 p8in 55 ol
sl sl oS 03l (SIs5k T g e AT 4ol 5L el 5 1568a S fgd osdle

2P 95 SLaTs ACC sy, 1Sl (S0 319

S U s bl 55 ¥
Q‘j'h&bﬁhﬁéﬁé}}u)wwQM@@‘}Q&ZFr}k}&';j:.:v:65})&}(}9ﬂ®}2‘65}}$ﬁa}f**
Copyright© 2016, University of Isfahan. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0/), which permits others to

download this work and share it with others as long as they credit it, but they cannot change it in any way or use it
commercially.


mailto:parvanehabedi2008@gmail.com
mailto:genabns2@yahoo.com

\Mo}f_gma,u‘mdu‘uwf,\,&wmwj@ﬂ—&kuum: £y

Glag SL L a8 SlE o wlesls ols b il 3T
Glaais) cllod s = 2l 5Llwls ACC ﬁ;T <ls
s BT e 3 Al 5 oo i 5 01 S5 b
oo sLa i 1 oS oS s (55, (AT (T
el Jdaas (V) —8) WS Cnglie 0358 oo Sl
&l 63l e S 05STE s S, 5l s !
SLTs ACC suS a5 sla Shsply siluli
OF VY ol a3 § &) 50
el S 535y pe 8T K5 O b
ol S el s Sl e (655 Ol 3 jezis
Cbl 4S gl ya slacSLs s (FE™) 26 bau
s 33 03 g g Bl (el ‘._( LaoT s Il
Sl laeSLs ol 53 8T e ol (ol s
L A sba s G 0L 5L 05 SOk,
oS (= bacw T IMsil Sl pH 21530
(s 33 AT 4S5 Cl ol et ie (0) AL o0
25T oSS i 53 (i 055 5 84S S
3 38300 S 5335 ¢ IS pon K 5055
AT 3 5aS ol (08) Sl s Lngs S s
Sleed) am 0l younT o b Sl cul o Ses
e 635 63 SO slae Sl il 35 5 £ 529520
Ol Calisee Slalllae (V) 5,10 51 s jon
G s AL Al gy a s o5 pob o 5 457 il
a5 5L il 51 6 S o 55 5 AT Sl 3 g
G LOA W) s ol wiy K o Sl ol
mnly Glaa s Cadidee Sladlls 53 s uen
N s olals o g5lulds sy dw suuS Al &
Lyl L L“hr‘“‘:ﬂf)‘ﬁjg’f S8 4 a5 L (Y
aalllas ol s s o5 il 5 o
53 Ts ACC su S 5 o5 Sl 5552
L) 5 58 ol 5 ST Ll B L ST s sk

.

doio
33 el 31 g o dizen Slas ST W gs

5K 055 5 Lol 4 28 calyy slaeSa S s
LS o 1515 05 4 olS 5L S (send G bl
S o sla STL ool gladla ¢l (V)
Lap S sl (ool (oo jon Ol ieas 035 55
Gl ol b ien ol claaas s Lol 60 s
«(Oryza sativa) g, 2ol S 65l ilss dty, &S
Sz (Triticum aestivum) oS
Al § e -0 (Zea mays) o ,3 5 (Saccharum sp)
(F =¥) Bl 055,55 SIS Eo slacs ST Ol
Ll 5 oo olE— (g L Loyl ol a8 Sl ol yabeiin
e 205 OLE W5 5 s Ly s il
Sl s 00, e camalS Lo 0l G b
(B3 055758 Sl soee 5 S 58 LI (oS ol e
23 g s ey §ns g o8 ol ol slizel (F) S
o) A slacdle se 0 S8 DS L b
ol 03,5 eal 5 5 ol (Rl Je Las STL
A5 (ALS wd) slad s A g (s
5 AT BSOS (slay gy A 5 (S5 5 ST
S A0 5Y) Cnl SLLTSACC o 5T a5
Sl B 5l (Sl 93 45 Sl g P 050,58
Lo sn (S by Jotn ALS g (K555
AL Sl 5555 6 s 3L LT Sal e
Tl 7 S b s ren (P) UAS (o 1S 0
=5 e OT au a8 35, 0 YU olE 15 53 !
Sk 48T Cl ol s b fe g 35 d e 48
S8 s oS Bl 5wty sladshw 00s o b
s L SLaTs ACC (sl slags ST (V) U8 s
s pssl e (Gt J g sl 5 ) ACC
A Ly o il el 28l sl D55 ST



r stssde 5 Lo TEACC SS W5 o555 or sl g 6 S % 5 (s5ller

L M9 (v NH,CI Ly M9 (Y NH,Cl 05 M9 L
VW oA el 5, K LSl ad> e ol 53 ACC
SLacSialer plad 55 s 5 b 48 3 A 5 O g
59035 3IMO mle i Lames 2y Sa VY T
5 s e a0y Y 5) D s
F oY Osin 53 5 db LSIMI mle bowe L cols
15 M9 - s sdhe couds 4 § L5 )5 ot dalis &7
5 b 033l beSalr 4 Y 40 /¥ NH,CL 2)5 S
Jsdows 25 Se15 M9 osde & 50 0w 5>
e 3 4 039331 OT a5 )Y 50 Jua ¥ ACC 5 05LeT
@b CiS Lo 1) S 10 beSaly ol 4
NU-PEEIR T A LI 1 N
oKes jlesliul L 1, LT (OD) sy s wods
St gl P oo Js b 55 (6 e g8 58l
OD aslas L 5 i ol o Colw YF Ol jods
O3 a3 s NH,Cl AACC (sL_acS_al>

A jasia ACC W5 6l s STLs 1l

Sl (gl LiS (Gladoes O 5o 50 5 ) J sl
S TSACC glaodiS A 5

Me+ACC | MgtNH.Cl | Mo(= » ¢ 5) Sy
O/A O/A O/A Na,HPO,
¥ v v KH,PO,
+/0 < /0 /b NaCl
AT AT AT caCl,
AV */ AN LAV MgSO,
¥ Y Y glucose
sy : NH,CI
s y . ACC

NH,CI ‘_;jl>- Ja...'>u oS ol U‘-"‘ skasplis AJl:.w e ¥
el

! ACC ‘_;jl>- ‘b:>r.ﬁ S ol u’-'" slasOlis AJl:.w CaMe ¥

059,55 LS HLS 53 b s s % 5 (s 5lul
ACC 15 G b3l ol sl pelaws 2alS 4 536 15
i 53 oL a0y oSS 5 il s s Sl
S AN 5 5 RS S s s g 0T g

N

by w3y 9 300
Glas SL gllul ol pang s Silive
Sl g 3 5 g iy OWLE Ly 1l p s )
e 9 A e d iSO S Sl 0Le ST Olale
4 ol Sty (slaanS” 53 5 M oy L Laoti
JSUIL Gsisds Joae s o3ls Jlast oKl jT
2034 258 el Sl L Y e OT 5 ds oV
RN UPURIPNW IR T (U STPFIER N PPN
sl g A3 815 s ) e OT 55 a8
Jssla jaime Siliae L3S Laoes (535 5 odé 304
S35 Sy ot B A o315 L1 5 (YEMAY) 6T
31,8 Sl amyo ¥ gles 55 Celu FA JIYF Sies
LA gy (A 5y 5 s 4 S
Adr S8 e s s el QL s, e sla S
Ads osls Jlasl jalls gla IS 4 il s S
13 TSACC Suis™adgi (Sl b (S 3llns
ACC sis il 5 slas ST omolal g5l
ACC )y )3 4y o by Ol oo i G2 b3 LT
AST(YY V1) 25 8 plol Aali 5 5a 93 b aslin 5
Slag sl 1308 (0 Ol 515 53 45 O oy
OV st ) MO s CoiS Lasme 3 15 (o5
rpPM100 L ols > 5 5L Sl s 5 L osls —
S5 31,8 mla ama ¥ los 53 Celu YF Soew
Loous 93 ¥ o ST, g SSTL G L ool
Joli i8S Lo =) s 3T 5 4 S



\Mo}f_gma,u‘mdu‘uwf,\,&wmwj@ﬂ—&kuum: 3

DA S 03I L (53999 sk W19 (o
/OS5 48 Ladlyy 51 oS s 4 pagils W 5
Pk /0 0 et azie 5 SIGL e 51 A e
(S5 5 3l eslizul b 5 As L5l CAS jioiw J sk
Jbs & Bl Jglome 2l Sn Vet s 5 i b sl
P g Cab ol el S8 els 5 A Bl
g i ey ] 0 LS (gl e U
dals Ol pieas Jolio DS Laoes I e ol
i Jsdoes (g5l Joldio Lasen 5 Ad o5lial
4G gas b 03liul e by Ol sieay Ls Jgloes sCAS
oS 655 ol & gy ke 03 515 Jds4 ()
Cwd s 5 d e B 5l 5 ssdew dly o)ls i 3 )
T

(Ar — As)
Ar

b LS Jdons) i 5y ol ATYL e 3 S
9 ;e PY 55 (il Lases +CAS iowiw J gloes
+ CAS Jizew Jglows + C3UL 3 su) & 503 d= AS

(YY) Sl o g 2Y0 55 (5L J sl

s SalasT 5 5o Lajles sele 183l 36T

] 100 = 8 5, 15 (1)

55 Ts ACC o 3T 8STud 3 a2l (Sl 5
SLs b B 55 5SS 53 3 ey b g
& LT LT SAS S EXcel gl ple 5 Lo 5 ol
03037 Slealizal b 55 o o 80ko i piopan S
el SAS i3l 5 5l eslinul b 5 STl (glails dir
s g
bl 9 0T 2L JNe (16S IDNA O3 s
ACC o 55T 88T 5 & o o g 188 9390 By g,
2P 9ok S I 5 A s e 5 ST
ol U gy s op! DNA s J S50 slulis

Ab ]l (1449) 01, LSs 5 Ausubel iy, Sl

2313899 3w SULT M gF S TL (Siluln
o e 55 0dii g lulda slag STU o 5l als e ol
2P M5 sl VU U5 S ST s
i ol i8S sl eslinal U dils
J15 Lo sad uml L(YF) Wt Ll CAS L
A 03l dls Bl alS Slid L MO mle Lo
DFLSSS St 53 55,5 F Sets bad sl el 1
31,8 (Sl a5 ¥ GLastpML00 55 L OLs
S bsa 1 2 e ) 55 F Sl dn b 4SS
Orrr ol s b ase ) duy 0,0 5 db adls
O gty Sl 3 ey 5 S S g Sl aldS) Y Soden
cladl s o bad sai C\JSJA}‘CJUU}’:FHLA:A
s Jgloen (G 5luesleT ((gas o s fite
&S gl J gl 5lgr Jsloes 5l 48 1 55 CAS
Y Cbale L CAS oS giul Jsdoee =) Ldd S ys
b T 2l daVee 53 CAS 0 5 AT Y e s
Y e eV Cble L Fe oS gl Jloes - A8 o
HCI ,Y ys Lo Vo 53 FeCl3.6H,0 Y o oo ¢S
23 3l 05 FIFV 1 Jpdome ¥ s Jo
B/ 4 b i b 5 g LPH L2 Jo OT 2 e ¥
HDTMA 8 +/+ Y14 tHDTMA J e —F b
e Ve 05a5 Il s ST e 00
V0 (CAS i Jsdoms 03,5 T ys (6l A
Jdous 2 Lo V/0 L FECl3.6H,0 Jgloes 23 L
2535 JL 55 HDTMA J s 4 5 A& b Jlies CAS
ﬁ»}uéutou‘-ﬁymdw@,uaw
Colg pa a8 ddobiluy 2 JaVev a bade ST L OT
=T Jgdoms ) 655 s 03T CAS ot J ghos
0 ¢, S /PP Bl J e 4o Sl 35 0 5
V- S PSY RN i W RSTNICL GO [ PV



o stssde 5 Lo TEACC SS W5 o555 or sl g 6 S % 5 (s5ller

A5 gLy A e s ol CbB 05 S aseia
Gl S Lo jlla ) g ,dm j5 5 5LieTs ACC
s oslizul ool |
215 13t T8 ACC v adgi (Slivdy g—w
e Ol 5o as ACC Sloslinal g1 (n 59505 slady 5o
(51953 b e (ST s Olgee bl 2 059 58
(e Olie 4 ACC leslinul gUl5 45 ola yu
Ll o iy ACC (g9l Laes 53 Lyl 09 0
e 03 MO) il Lse 4 o il 5 s
Tl ) ey Bl Al o (6 g S (059
SACC Oj5,5 ame 93 S0 P90 Slaas s
a3 VF o 51059 55 W6 Bl Loses 5 9 NH,CI
ACC jl oslizul &5 (6115 R8 & v L ¢ o535
Sl Lses 55 4 50 (IOD 35 059 25 ate Ol 5o
L>eOD L acwslia 4545 555 +/AFF L I ,ACC
aSel g il s ime (3D ACC AL dals
v p SUI a0 (gyleT L 5l el bodalin glacs olis
by Calitee SiS Jasms aw 3G I Jeol> (slaesls
L 350 5185 33 b3l el T B ,sR2
ey Jol ST sl 0L s s 8515 il
3 Dl Ao 530 b (CiS L) Hles
o 4S5 D4 i SG1 6l (P sda) 5,05 5
sl 03yl ;H,Q,Lsuwa_w;miﬁw
oS A lie gl .23 8 plandl (S0 2550 K
Lo 33 53 R8 & g iy Ol jos o S35 47 51 LS
Ol e Lol Cmsl a2815 5 g3 s MO+NH,CI s M9 a8
95 sl g S5l MOFACC S Laes s iy
Sl oyl okiasilis ol S sl s CuiS Lo
LS s osu;,ﬂloj),:gcgaob;mACC;\ 4 gyl

(O K8

Ssily oS 5 b w5165 IRNA 03 .(TF)

8F (5'-AGA GTT TGA TCC TGG CTC AG-
1541R (5'-AAG GAG GTG ATC CAG , @3’

s 2S5 PCR 6&ews  eslizul L 5 (CCGCA-3'
SIS L Ao ;) 58T U5 655 2 PCR Jpames
L bl sl sy e b Cod) Sl g 5 Ao
A5 Il BF al s 51 eslizu

oslizwl L 16S IDNA JI 5 oeTowwsas 51
LT Ls 155 BLAST aas NCBI ol
e (YD) b Lol sy e (5 5STL oL 5 il
> oled ol pardn 4 5w Slatie 5 ol
s o NCBI b 15 5 rlass

OWLE g5l 51 om0y Sl g (85 luldr =Y el

o3l e Joe oS s el | s,
ol s BEn R1 |
ol S BE% R2 Y
ol S axiy R3 A
ol S o g R4 f
Olgas! A gy R5 o
Olgeo! 4 g R6 4
Olgia! sy R7 v
Olgas! LY R8 A
Ol dou g R9 4
Olgio! iy R10 )
Olgia! sy R11 R
Ol i g R12 \Y
Ol doi g R13 A\
Olgae! axiy R14 \F

el

Slaod s Sl osughy 4w os,ler gk opl 53

50Le S sladlonl s ably sk g ey Olals sy

Sl - e Y Jods) s g5luwlus Olga ol



\r«o}ﬁg‘\«a,u‘ﬁ;ﬂJmuwfﬂ,&wm;ﬂ@ﬂ)z—&uw \id

S W5 slaw g o Glas sl Sl gl

Ly i 5 g dem A 55 Ol S5 515 855
3L 2l el = b B 55 s Tssy (slaesls
Ol s s SIUTSAS i le 5 Sl eslinal L 1SS
Sl s Dl o 530 b 53 (o jles O &S sl
4SS Cal me ol 4 e ) (0 5d) 5515 545
A5 Ol S5 Sl (o 9520 & g 93 ey Sl
T e g PO P PP VRGP W S PPN W
s lie (L Gateiie LT S 1 aay g o sl
L o8 el Sl s Lasled o S0Ls
osbOlen (Y JSCo) 558 adein bjled oo sl
s R12 s g Sl o s 55 Y S j5 S
R11 5R3 R13 slad 5w 5 55855k A 5 Ol
(s g A e S pln 1y g8 g sk A 55 O e s 208
YO RI1L 5 (o) YA R3 (Ao, YA)RIB 4 5 ¥
R14 (w3 FP)RL & 5 F o5 Fr 5 (Ao
#v 5 (e 30A) RT3 (o ;5 OF) RE (s y5 01)
o580 YL (o )34 ) R12 4 g S5 5 Aoy
& g Alosls olamst s a5t 4y (6889 0 Al
L s ot olelis 165 IDNA i, 5 eslizul LR12
oLl 53 KMO44042 v s o jlos 5 FIR004 ¢l
LT a5 bl sdewy &b 4 NCBI S|
Sinorhizobium meliloti ol siea 4 s ) ¢ J 5 50

Ao gl

250 3 S W 5 Gl ST Wlsls & s —0 Jadr

G g 55 Calibes (glasles ulols & s LT Y s

R8
ok § yome _
33l amys Ol s CL.A
Sl e Sl e
gy’ AN Y Sl
o/eav /oY v s

@35 amys Ol s c\.’.n
Sl e Sl e
/o AFT < /OAP¥ v Sles
ey /2¥e4 A o

el Loy 30 d‘“ 03 Gl gaa smedy 3 Cadle

el Loy 30 cla,» 03 Sul3 Sre Smads # e

0.9 A
0.8
0.7
0.6 B B
0.5
8 04
0.3
0.2
0.1
0
M9+ACC M9+NH4CI M9
les

R8 &y 55 Calibes (slajlass o S0k e ) K2

2Ll 16S IDNA s, 5l eslizul L R8 & 5u
LKL s KT737475 — pws o jlai Ly 5 ud
AUT 4 az 5 Ll oty &5 4 NCBI sledibo!
Sinorhizobium meliloti Ol ss 4 4 g ol ¢ J s 50
L glals

ACC 55T a5 015 b 2T 5l Jols
DL (o525 Ay VF 3 ois ;S o5 ST
A5 Ol casmn i S S (F 4 A
gﬁ_,.gﬁl,ujolj_:&s_”.t_;,b\,ﬁ}_j&_il
313 513 5T ACC 5T S ud 5 (slas ST

sls ol @L:s 13889 30 S g3 (Sd s S5
o 330V) 4 g A SIAwS ¢ g 5095 5 4905 VF oy 1S

Azt 539k A 5 0155 yls (Lagy s JS7 5



fv sl 3 Sl DACC S WS 5 o 50s (oo Slot 5 S 5 sl

23 Ml sk bl Sl 5 s e D15 s ST WT
SUT 3 assiys 5 (FY 0FY) a5 )5T o ol 1y OLE
o)t GBS 35 s alie 8 o 55 st HLoL
3l Dlallas ¢ s cmi 4 S o 65
S 5 (sLacs STty B Sl 0 plowl 0 ST
AFF ¥ O 1Y) 1S gLl | 5LeTs ACC
VF o 3 a8 2l 0L 5 ey opl S Jeol
5 0155 ISR & s Lad (o smg ) &
Sinorhizobium ol sieas 4 g pl .54 jLeTSACC
g alie Olalles = s o Lublia meliloti
ACC Ty 53 58 ol (Uil sdmsolss
Sl 0155 o a5 g o) 51L(FF 5 Y0) Cal 5T
Cadies Lol 2 53 (50,8 o 5T onl 3T Gl
OLalE o 0T 31 ialllan 5 5 Lae 580 st
W5 5 K 0 S ing 2,8 eslinl o S 0
ISy 5y SLdas s 1 5T ACC
|y com s 2y sl VY ((FF) 01,0 5 Lo il S
ACC (ssl> La0T 5150 Lds aS s S gilulus
5aS” aosls oL (M) 01,8 5 00 .3 45 5LeTs
O e A NP TS PR A AR
Azils 1 5LaTs ACC
e 5 ST GlasS s (55,5 LS I (65l
158 Sl e by odils AT 3 ST Sl oS
B3 il oo)5 OLaLS aT 34 aS 51 (50 Can
Lo ) 95 5 sk (¥R YY) s o 15 30 Cou | Uis
(T 03 SO s S S T 5lad S
el g das el 5 0LalE uiws 31, 0T
(F) i o OLALS (gl oraT it 03 S ol 3
L i yban | 0LalS ) gL STl sk

osba L s ad, OlbleS al 05 S pal b 2l 5l

0.9
0.8
0.7
0.6 BC ¢

05 c

0.4 D
03
0.2
0.1

G Py Sy

R12 R7 R6 R14 R1 R11 R3 RI13

asnl b 4 g
33 35 s 3S W 5 S s ST ke duglia-Y S
FagUPT gl b

S 5 dom 9 v
o) &S aS dimn Lo STL Lapyus
Loy slaeSa 5 55 o S osl il OLLS L s son
055,55 S 4 5206 5 A8 o 13 ok S5 0WLE
AL LoD sy 58 5 (SS AT (YF) ditn |4
ol 53 5 S oo (o ) (51505 AT 3 oS
33 el el s ol T it p gladnT 5
S on Lap s 5 OLALE o 228 0  o80a
S Osassn cpl 68 Canl ol 5,18 (YA (YY) 545 e
LS n 6 S g ks O sk 5 bap S (s 5lue S
Fo 5 05 b S 4 gl )3 s 5 (Y4)
53 sl i e3le i b 51T YA YY) 5 4d
S 5 S 0L s IS 50T-) U050 OIS
AT s 48T 28Ty 55 oS ol (ACC) !
5okl i e LS Sl .STACC
YY) 355 oo s O35 Ll 5 o S AS s
Do L Las ST oo sl ST slagpus® ol Soo (Y
5 LipT 4 ACC Ly 55 el jLaTs ACC o 5T



\Mo}f_gma,u‘mdu‘uwf,\,&wmwj@ﬂ—&kuum: A

Al 1y 8y I 5 Wb 4 4w VY S, meliloti
Sl s ¥ Lgs & Wisls 0L 55 (F8) 0, en 5 sal,k
Al 5 hen M5 SUIS (asm 0 5w YO G
5 o Ll 5 L el S0 (6,85l w5 L
S 5 Slapses s, 0 pl s2 0 oKy 5 o8l
S bl 5L aS g LTS ACC 5 )55 50w
r i JU o 5 (3l 5,650, 5iS (l
35S Ll 5 530055 58 S Jas SIS 5 a5
Lol fas S50 se L STL sl b B 55 T
ol 53 Lagy s () ey S sn el ol aST5 S
5315 035,55 ot Sl amys 5 4ty seSh S
g oUls aSRB& s )b 1.l dale o
(A Ol e 288 s Yzl 515 1, 5L Ts ACC
S Jles dal b s 1y (6t slaeSa £ 0l
Slapssns 253 B b s S sl sl
oD &) Jsa SLaTs ACC 5 ) 5 s 8IS 5
s 1y 6 P8 Sl hlb 035,58 S
=5 0Ll L s Shee 5 iy 50 6l L5150
iay )8 4 55 S8
G108 g S

pade 5 bty (55555 5 p e o8 tns
Sl 5 oo eSS SMzos oKl ¢ Jasme
Sl oml Jle L ja el sl r 0L S iy
S50l 5 a5 (VEMY o5les L) g2agsy o b e

J}.&Lsa

(AL 055l b 5l (68 s G 3l s
Com (STl 3 (Fr) ST o o5 1) QLS
2P 3N S U 5 Slady g (T 5 ST 20T
35 sl fee S35 db e 60 SR
T o 53 by g s YL el Loy (FY)
3l (sl ool Dllae OLals b g
455 )50 5 s sden S W 5 slags Sl
U JE RV PL S IS o ) 4 S FA L D RGN
et bS5 gmsn) Sad g (gilulder
A4S ol 0L el Al o2l CAS o i)
23 KBl 1y 5 g phem A 5 0195 (a9 30 & s
pLasil Yo 08 L s (FF) OSan 570l & agn
(oal A3 el CiS bosee j3 4 4w YYA Ls0s
Aty Ol geas by g oo A 55 s S U 5 5 85 soms
j\ﬁdabd\_&}@u.xu&lﬂj)l)jé))@
Alg do)sFe LY o dlaa w57 51 ds,5V0
3 ¥ O a5 o 53T0 I 2S5 () 85 ke
Wby Golastl s g a1y g ke do-l g Lo y5F
(Ao 35 YAVRIB a5 5 ¥ adlllan oyl 53 o 3 oy
Feloysfe o5 (e)s YARIL 5 (Ap,s YA)R3
OF)RE «(u—s )30+ )R14 (U )5 FF)RL & 4
4 g S 5 Aoy 70 5 (o DM RT 5 (4o
Iy 685w d=ls do )38+ (YL (Ls 54+ ) R12
A5 5 (08) 0L 5 Sty Lilesls olamsl 5 55 4
S A5 sy Sl s (V) DL
T T s = BABY TEev
Caliee gLty g (FY)Y SIS 5 (65 oo A5 ST
ol 5 (il 15 )b g e S U 5 (o 909325
A ils 5, 3S. meliloti 4 5w & LOT o )34 s S

b g VT 514 Wsls 0L 5 (FO) OKen 5" 5L



4 ot s il TBACC 58 05 o gmsins o oty 6 S 5 (S5l

References

(1) El-Akhal MR, Rincon A, Coba de la
Pefia T, Lucas MM, El Mourabit N, Barrijal
S, et al. Effects of salt stress and rhizobial
inoculation on growth and nitrogen fixation
of three peanut cultivars. Plant
Biology. 2013; 15(2): 415-421.

(2) Chaintreuil C, Giraud E, Prin Y, Lorquin
J, Ba A, Gillis M, et al. Photosynthetic
bradyrhizobia are natural endophytes of the
African wild rice Oryza
breviligulata. Applied and environmental
microbiology. 2000; 66(12): 5437-5447.

(3) Hilali A, Prévost D, Broughton WJ,
Antoun H. Effets de l'inoculation avec des
souches de Rhizobium leguminosarum
biovar trifolii sur la croissance du blé dans
deux sols du Maroc. Canadian Journal of
Microbiology. 2001; 47(6): 590-593.

(4) Bhattacharjee RB, Singh A,
Mukhopadhyay SN. Use of nitrogen-fixing
bacteria as biofertiliser for non-legumes:
prospects and challenges. Applied
Microbiology and Biotechnology. 2008;
80(2): 199-209.

(5) Yanni YG, Rizk RY, El-Fattah FKA,
Squartini A, Corich V, Giacomini A, et al.
The beneficial plant growth-promoting
association of Rhizobium leguminosarum
bv. trifolii with rice roots. Functional Plant
Biology. 2001; 28(9): 845-870.

(6) Glick BR. Modulation of plant ethylene
levels by the bacterial enzyme ACC
deaminase. FEMS Microbiology
Letters. 2005; 251(1): 1-7.

(7) Arshad M, Saleem M, Hussain S.
Perspectives of bacterial ACC deaminase in
phytoremediation. Trends in
biotechnology. 2007; 25(8): 356-362.

(8) Glick BR, Cheng Z, Czarny J, Duan J.
Promotion of plant growth by ACC
deaminase-producing soil bacteria.
European journal of plant pathology. 2007;
119: 329-339.

(9) Barnawal D, Bharti N, Maji D,

Chanotiya CS, Kalra A. ACC deaminase-
containing  Arthrobacter  protophormiae
induces NaCl stress tolerance through
reduced ACC oxidase activity and ethylene
production resulting in improved nodulation
and mycorrhization in Pisum
sativum. Journal of plant physiology. 2014;
171(11): 884-894.

(10) Shagol CC, Subramanian P,
Krishnamoorthy R, Kim K, Lee Y, Kwak C.
et al. ACC Deaminase Producing Arsenic
Tolerant Bacterial Effect on Mitigation of
Stress Ethylene Emission in Maize Grown
in an Arsenic Polluted Soil. Korean journal
of soil science and fertilizer. 2014; 47(3):
213-216.

(11) Yan J, Smith MD, Glick BR, Liang Y.
Effects of ACC deaminase containing
rhizobacteria on plant growth and
expression of Toc GTPases in tomato
(Solanum  lycopersicum)  under  salt
stress. Botany. 2014; 92(11): 775-781.

(12) Bal HB, Nayak L, Das S, Adhya TK.
Isolation of ACC deaminase producing
PGPR from rice rhizosphere and evaluating
their plant growth promoting activity under
salt stress. Plant and soil. 2013; 366(1-2):
93-105.

(13) Jha CK, Annapurna K, Saraf M. Isolation
of Rhizobacteria from Jatropha curcas and
characterization  of  produced ACC
deaminase. Journal of basic
microbiology. 2012; 52(3): 285-295.

(14) Qin S, Zhang YJ, Yuan B, Xu PY, Xing
K, Wang J, Jiang JH. Isolation of ACC
deaminase-producing habitat-adapted
symbiotic bacteria associated with halophyte
Limonium sinense (Girard) Kuntze and
evaluating their plant growth-promoting
activity under salt stress. Plant and
soil. 2014; 374(1-2): 753-766.

(15) ChenY, Barak P. Iron nutrition of plants
in calcareous soils. Advances in Agronomy.
New York: Academic Press; 1982.

(16) Johnson GV, Barton LL. Selected
physiological responses associated with Fe
(1) and Fe (1) metabolism. Iron chelation



\r«a}ﬁg‘\«a,u‘ﬁ;ﬂJmurﬁsfﬂ,)ﬁ:ﬁwm;ﬂgﬂ)z—&uw o

in plants and soil microorganisms.
California; Academic Press; 1993.

(17) Masalha J, Kosegarten H, Elmaci O,
Mengel K. The central role of microbial
activity for iron acquisition in maize and
sunflower. Biology and Fertility of
Soils. 2000; 30(5-6): 433-439.

(18) Schroth MN, Hancock JG. Disease-
suppressive  soil and  root-colonizing
bacteria. Science. 1982; 216(4553): 1376-
1381.

(19) Wright W, Little J, Liu F, Chakraborty
R. Isolation and structural identification of
the trihydroxamate siderophore vicibactin
and its degradative products from
Rhizobium leguminosarum ATCC 14479
bv. trifolii. BioMetals. 2013; 26(2): 271-283.

(20) Waheed A, Afzal A, Sultan T, ljaz F,
Manan S, Zia MA. et al. Isolation and
biochemical characterization of rhizobium
from pea crop at Swabi. International
Journal of Biosciences (1JB). 2014; 4(8):
231-240.

(21) Jacobson CB, Pasternak JJ, Glick BR.
Partial purification and characterization of
1-aminocyclopropane-1-carboxylate
deaminase from the plant growth promoting
rhizobacterium Pseudomonas putida GR12-
2. Canadian Journal of Microbiology. 1994;
40(12): 1019-1025.

(22) Shahzad SM, Khalid A, Arshad M.
Screening rhizobacteria containing ACC-
deaminase for growth promotion of
chickpea seedlings under axenic
conditions. Soil and Environment. 2010;
29(1): 38-46.

(23) Payne SM. Detection, isolation, and
characterization of siderophores. Methods in
enzymology. 1994; 235: 329-344.

(24) Ausubel FM, Brent R, Kingston RE, et
al. Short Protocols in Molecular Biology,
4th Edition, John Wiley and sons, Inc., New
York, 1512 pp; 1995.

(25) Nezhad SS, Khorasgani MR, Emtiazi G,
Yaghoobi MM, Shakeri S. Isolation of

copper oxide (CuO) nanoparticles resistant
Pseudomonas strains from soil and
investigation on possible mechanism for
resistance. World Journal of Microbiology
and Biotechnology. 2014; 30(3):809-817.

(26) Murset V, Hennecke H, Pessi G.
Disparate role of rhizobial ACC deaminase
in root-nodule symbioses. Symbiosis. 2012;
57(1): 43-50.

(27) Abeles FB, Morgan PW, Saltveit Jr ME.
Ethylene in plant biology. California:
Academic Press. 1992.

(28) Spaink HP. Ethylene as a regulator of
Rhizobium infection. Trends in Plant
Science. 1997; 2(6): 203-204.

(29) Nukui N, Ezura H, Yuhashi KI, Yasuta
T, Minamisawa K. Effects of ethylene
precursor and inhibitors for ethylene
biosynthesis and perception on nodulation in
Lotus  japonicus and  Macroptilium
atropurpureum. Plant and Cell
Physiology. 2000; 41(7): 893-897.

(30) Lin Z, Zhong S, Grierson, D. Recent
advances in ethylene research. Journal of
experimental botany. 2009; 60(12): 3311-
3336.

(31) Glick BR, Penrose DM, Li J. A model
for the lowering of plant ethylene
concentrations by plant growth-promoting
bacteria. Journal of Theoretical
Biology. 1998; 190(1): 63-68.

(32) Ma W, Penrose DM, Glick BR.
Strategies used by rhizobia to lower plant
ethylene levels and increase
nodulation. Canadian journal of
microbiology. 2002; 48(11): 947-954.

(33) Duan J, Muller KM, Charles TC, Vesely
S, Glick BR. 1-aminocyclopropane-1-
carboxylate (ACC) deaminase genes in
rhizobia from southern
Saskatchewan. Microbial ecology. 2009;
57(3): 423-436.

(34) Ma W, Sebestianova SB, Sebestian J,
Burd GI, Guinel FC, Glick BR. Prevalence
of 1-aminocyclopropane-1-carboxylate


http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Frederick+M.+Ausubel
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Roger+Brent
http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Robert+E.+Kingston

o) ot s il TBACC 58 05 o gmsins o oty 6 S 5 (S5l

deaminase in Rhizobium spp. Antonie Van
Leeuwenhoek. 2003; 83(3): 285-291.

(35) Kuhn S, Stiens M, Puhler A, Schluter A.
Prevalence of pSmeSM11a-like plasmids in
indigenous Sinorhizobium meliloti strains
isolated in the course of a field release
experiment with genetically modified S.
meliloti strains. FEMS Microbiol Ecol.
2008; 63:118-131.

(36) Tittabutr PP, Awaya JD, Li QX
Borthakur D. The cloned 1-
aminocyclopropane-1-carboxylate  (ACC)
deaminase gene from Sinorhizobium sp.
strain BL3 in Rhizobium sp. strain TAL1145
promotes nodulation and growth
of Leucaena leucocephala. Systematic and
Applied Microbiology. 2008; 31(2): 141-
150.

(37) Hemantaranjan A, Garg OK.
Introduction of nitrogen-fixing nodules
through iron and zinc fertilization in the
nonnodule-forming French bean (phaseolus
vulgaris L.). Journal of Plant Nutrition.
1986; 9(3-7): 281-288.

(38) O'HARA GW, Dilworth MJ, Boonkerd
N, Parkpian P. Iron-deficiency specifically
limits nodule development in peanut
inoculated with Bradyrhizobium sp. New
Phytologist. 1988; 108(1): 51-57.

(39) Rai R, Singh SN, Prasad V. Effect of
pressmud amended pyrite on symbiotic N2-
fixation, active iron contents of nodules,
grain yield and quality of chick pea (cicer
arietinum Linn.) Genotypes in calcareous
soil. Journal of Plant Nutrition. 1982; 5(4-
7): 905-913.

(40) Marek-Kozaczuk M, Deryto M,
Skorupska A. Tn5 insertion mutants of
Pseudomonas sp. 267 defective in
siderophore production and their effect on
clover (Trifolium pratense) nodulated with
Rhizobium leguminosarum bv. trifolii. Plant
and soil. 1996; 179(2): 269-274.

(41) Carson KC, Meyer JM, Dilworth MJ.
Hydroxamate siderophores of root nodule
bacteria. Soil Biology and

Biochemistry. 2000; 32(1): 11-21.

(42) Mehdipour Moghaddam M, Emtiazi G,
Bouzari M. Improvement of endophytic
Azospirillum colonization by co-inoculation
with  Cellulomonas Uda ATCC 491.
Biological Journal of Microorganisms.
2014; 3 (9) :99-112

(43) Reigh GERALDINE, O'Connell
MICHAEL. Siderophore-mediated iron
transport correlates with the presence of
specific iron-regulated proteins in the outer
membrane of Rhizobium meliloti. Journal
of bacteriology. 1993; 175(1): 94-102.

(44) Tian F, Ding Y, Zhu H, Yao L, Du B.
Genetic diversity of siderophore-producing
bacteria of tobacco rhizosphere. Brazilian
Journal of Microbiology. 2009; 40(2): 276-
284.

(45) Fabiano E, Gualtieri G, Pritsch C, Polla
G, Arias A. Extent of high-affinity iron
transport systems in field isolates of
rhizobia. Plant and soil. 1994. 164(2): 177-
185.

(46) Berraho EL, Lesueur D, Diem HG,
Sasson A. Iron requirement and siderophore
production in Rhizobium ciceri during
growth on an iron-deficient medium. World
Journal of Microbiology and
Biotechnology. 1997; 13(5): 501-510.

1. 1-aminocyclopropane-1-carboxylate (ACC) deaminase
2_ Yeast Extract Mannitol Agar

3. National Center for Biotechnology Information
[http://www.ncbi.nim.nih.gov]

*. Ma

°- Duan

®_ Tian

’- Reigh and OConnel

8. Fabiano

°- Barraho



W40 5l )8 ojled ooty Jlon claedl )y Son (il 5 255 — ke aslibiad

oY




4 Biological Journal of Microorganism, 5 Year, No. 19, Autumn 2016

Isolation and screening of native ACC deaminase and siderophore
producing rhizobia

Behnaz Oujand
M.Sc Student of plant breeding, Graduate University of Advanced Technology, Kerman, Iran, behnaz.oujand@yahoo.com
Mahmood Maleki "
Assistant professor of Plant Breeding, Department of Biotechnology, Institute of Science and High Technology and Environmental Sciences,
Graduate University of Advanced Technology, Kerman, Iran, maleki.li@gmail.com
Shahryar Shakeri
Assistant professor of Microbiology, Department of Biotechnology, Institute of Science and High Technology and Environmental Sciences, Graduate
University of Advanced Technology, Kerman, Iran, shahryar.shakeri@yahoo.com
Sedigheh Norouzpoor
MSc Student of plant breeding, Graduate University of Advanced Technology, Kerman, Iran, sedighe.poorahmadi@yahoo.com
Parvaneh Abedi
M.Sc. Student of Microbiology, Shahid Bahonar university, Kerman, Iran, parvanehabedi2008@gmail.com
Abdolhamid Namaki-Shoushtari
Associate professor of Microbiology, Shahid Bahonar university, Kerman, Iran, genabns2@yahoo.com

Abstract

Introduction: Rhizobia are bacteria that have a symbiosis with legumes. Rhizobia that have
some capabilities like ACC deaminase and siderophore production in addition to nitrogen
fixation are successful competitors in different environmental conditions for production of more
nodules. The aim of this study was the screening of ACC deaminase and siderophore producing
Rhizobia.

Materials and methods: For screening of ACC deaminase producing rhizobia, all isolates were
cultured on M9 medium with two different nitrogen sources, ACC and NH4CI, and M9 medium
without nitrogen source was considered as a control treatment. ACC deaminase producing
Rhizobia were identified based on statistical comparison of growth rate on M9 medium with
ACC against other mediums. Chrome Azurol S (CAS) liquid assay was used for siderophore
producing Rhizobia. All treatments repeated two times and all data analyzed in the base of the
completely randomized design. 16S rRNA gene sequencing was used for identifying the best
ACC deaminase and siderophore producing strain.

Results: 14 isolates of Rhizobium were used for screening of ACC deaminase and siderophore
producing isolates. Results showed that just R8 strain was isolated with the capability of ACC
deaminase production. This isolate could have better growth on M9 with ACC than two other
mediums. In the next experiment, it was determined that 8 isolates are siderophore producing
rhizobia based on CAS liquid assay. The result showed that R12 isolate could produce more
siderophore than others. According to 16S rRNA gene sequencing, R8 and R12 isolates
identified as Sinorhizobium meliloti.

Discussion and conclusion: The R8 strain that have the capability of ACC deaminase
production probability can prevent adverse effects of ethylene during nodulation and abiotic
stress. On the other side, R12 that are able to produce siderophore can prevent the growth of soil
born pathogen in addition to facilitating nodulation and iron uptake by plants.
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