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Efficacy of Auxin-producing Bacillus Strains on Vegetative Traits
and Relative Expression of ARF15 Gene in Two Genotypes
of Chickpea Under Salinity Stress
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Abstract

Soil salinity is one of the most crucial agricultural problems that in addition to having negative effects on
crop production, causes hormonal imbalance and growth reduction in the plant. Plant growth-promoting
rhizobacteria (PGPR) are a range of bacterial strains from different groups that live in plant roots and
rhizospheres and can cause the plants to withstand stress by causing complex alterations in their growth
and development. PGPR alters plant metabolism, signaling, and hormone homeostasis. The present study
aimed to evaluate the effect of two auxin-producing Bacillus strains on vegetative traits and the relative
expression of the ARF15 gene of two genotypes of chickpea (Cicer arietinum) (MCC77 and MCC68)
under salinity stress of 50 and 100 mM sodium chloride in greenhouse conditions. The number of sub-
branches of MCC68 has been significantly increased in the inoculation of strains at the concentrations of
0.5 and 1 in the presence of 50 mM sodium chloride. Moreover, the inoculation of Bacillus
amyloliquefaciens (FZB42) and Bacillus. cereus at a concentration of 0.5 and 1 led to a significant
increase in the fresh weight of MCC77 root. In addition, FZB42 at the concentration of 1 caused a
significant increase (28.20%) in the height of MCC77 plants in the presence of 100 mM sodium chloride.
In the inoculation of Bacillus sp. at the concentration of 0.5 and the presence of 50 mM sodium chloride,
the relative expression of the ARF15 gene of MCC68 genotype showed a 9-fold increase. Both FZB42
and B. cereus strains affected the vegetative traits of MCC68 and MCC77 genotypes, which indicated the
role of PGPR in increasing the supply of enzymatic and non-enzymatic metabolites, and the expression of
plant genes in response to abiotic stresses.

Keywords: ARF15 gene, Auxin-producing Bacillus, Chickpea, Salinity

b ol Sl 51 0T 0l oods 5 chle @ oaxg Lo
«(Cordovilla et al., 1995) tues e Jomie sbaa S 4o dito

Y B Y/0 5l i b (EC) Skt S Sl cylia (Jls Ol sisay OIS Wy Dl & oS Sl Slodes ame iS5 (5550

)}w& cL:S Jjﬁo& M\S} \_,.:MT g S e M)LEWJ
o 2w YU (g,sd wemen (Ayers and Westcot, 1985)
v_i\.,\.o :‘j.a L;NJ:MIJ 9 Jﬂxjf.,\.& M..f;..:.) BE] U‘l';\ CE.N &\Jﬁ‘
iy wole b oo (Azadikhah et al., 2019) 555 s olS s
welsl 3950 Loy Ay 4 da.adf @ﬁ 3l s sl
Shslaws w1, Of Ll opl 5 (Samineni et al., 2011) das

.(Kaashyap et al., 2017)
L;La&ffb )\ dJLﬂ.:.MJ‘ 9 ‘al.; &.:’bj L;.A.L.@,é 4.1..&.?- )\ coL:§ .\.&)
QL.L.: le.é 6[.%4&“.124 ol ol b% oL:f J..i'r) ;Sfu
S S ol Wiy S e sl SU S esliad cdas

ki LS ()5 5l 3L oS i JaalS (gl oSl sl

e Bl S 5 me 53 QLS 55 5 l08 e il
3 Syl il G551 G0 O 35S a0y Dalsipas
Jomsin QLS 553 oo S Cpos ) (550 e pilie Jolalps
ibe osd ple s il 6LAV.....:3L§.: glsl sl
gl il mtls by s bacpal o s 5 Lo e
L los Jusl 5 Jeb 05mS) glad S o (Slnst t
53 0blS LUlg (s, 55 (Bharti et al., 2016) Las o ials
53 s e alS aly Ay les LS s 315 ol
AU 2o S 5 eyl Gemses 2 oz LeS
ol o5 (S5 I .(Egamberdieva et al., 2016) 5,148
ol dmes pd gblee LS5l 4 5B SLLS
PO R P Ry Y IS PP B CIRCH ek R PR (S

(ol Q)Lﬂ.’i& 6)}1:&&5 “ C)Lj.&- Cr:wlﬁ ‘u"f’ ojw RG]

VPoo bl 9 5l /Y 0sloss [l 0590 | s ) (oos § S5 smwrdien



e shealy sla s 250

oL g-<> [ as)

22 S Gees 5 b e b @ dly e a4 ]
-eble Ll «(Xiong et al., 2006) .. e S S b
S P S 0| IRPTCIN R GUNROINCA SR PPN
el Sl Jol cble (Kudoyarova et al., 2019)
(Beta vulgaris) .3 ,user slaais; Jsb Jals L g Sbss,
Slagme dlaly Ldy S e lagg SUas, 5l eslial Jlise
155 OlS =ik (Loper and Schroth, 1986) sls olis
Pseudomomas  asl e slaa s L (Brassica napus)
Loy 53 el S S o ge (eS| g 2alS L putida
c.\.ll.v (s S e (Patten and Glick, 2002) wos iy,
= sl ig= L (Triticum aestivum) ﬁ.x;sf slaazals
4 Je>ze Pseudomomas moraviensis > Jol Swl Jsis
Wl aly) mlhw ooy g5 s b =l aslie 55 (5558
5,8 (Ul Hassan and Bano, 2019) sls jialS ds,s YA U
Loy Olge g YLl s ol el Sl Jsul
(Arshad ol odd Al 35 s ol chle 3 5 aly,

and Frankenberger, 1991)

Joie pamons Glatsm (o o LS edalie () oo
L) b IS Y ge e 00 Bl B S e g5
Cze Jl s ey p s> (Ahmad et al, 2013) .S
¢ <l 5l Sulla carnosa L Bacillus subtilis o)
(Hidri et al., 2019) .3 edalie 5d Gbla els STy
Pseudomonas s bl (glaa g clizils lebl O Siays
Bacillus megaterium NBRC , fluorescens NBRC 14160
o s s f.x;i sl 55 Ldy il 4 36 15308
Fathalla and El-) Las =4l 05 OlS b anslis 53 (g5

.(Mageed, 2020

Ul b Bacillus firmus SW5 L U g il (805 o 0 55
3 Sas (lind S 5 s e ol Szl ol A5
23 omlBl s el Ll o bl s s g e
e penl Ol (gl obe Sl (Jd0 IS Gl
OLE 1y OlnST 5T 3T Sl g 26 5 s S (6l gime

o G G 5l Gds (El-Esawi et al., 2018) s

—alies (gla > (Shrivastava and Kumar, 2015) ..l
Mariovorax  Bacillus  Enterobacter  Pseudomonas
s Serratia Azospirillum Burkholderia Klebsiella
OLLS sed 5 iy C e 5 ol PGPR 0l e 4Azotobacter
ol Sk Y skl A e 5 b Sl 3 e
5350 M5 5 POPR L 5 wos bapeS) (n 5l
Sl Sbsn 5 AS Jos KIS IS0 Olssa
G e WIS e Dpespasd mi S L elS WS S e
ool ady 5 s i 1y adyy 5 el Szal Jssl
50 .(Shilev etal., 2012; Alietal., 2014) s Llgs b S
5 Ol s Lol St ) Saad dstnl s (g5
500 Sy e Sl (SK3dn s eee gatnl bl gk
S 2 AL GHLS 5o 4 el (Bl el sk o
L bl5 e el Szl sl oS W5 glag SU oo
S s Ly T3 51 S0 58 53 obS ST e yt3 4 O 555
.(Leveau and Lindow, 2005)

ObalS 53 Sl ge sl s alS laose, s o bl sl
Jelse ol s Caslie O Lals, o Sdae sl 4di Sl
(ol s S o ol 1) eS| 5T glas Shas 5 s sbew
slge b s Llge Oepsn aauls boaly; dd) Ko
{(Kudoyarova et al., 2019) Lisw 35 |y ol Jls, 5 Sdes
Awszy S Sl SL Lau g Al Sxal Jadyl s s
helss ) Dbl S el aly ;) Ol 5 S Cod
St s 235 Osel S 5 LS bl S il
reegn boady, 35 (s s ) W(Liu et al, 2016) sl
S S sy S s denl Saul Jou)
23 e b lde slee e 21531 5 (Spaepen et al., 2007)
olS Ld) S e o SUsps bl 5 e ady) bl
3ty Jsb 0ad oS o il laaty, 5 S8 iy SRl
Coge Dladed ls g 3 1wl mew LIS sk
GAL St s L Ak, (S5 Ol ks w8 S
M5 5 Rl sl Sl slid by il Lo
(Spaepen and  Wles » o O i 4 deel Sxul sl

Vanderleyden, 2011)

- VFoo Gl g )les /) oylosls /003 090 [ (s § (o] § Sl (owkgeo



O J§> aras)

ey gl s 250

Sy Gloses G815 s 2L HS 9 DNA (g5l
5l el b 4y e85 DNA I 16SIRNA 03 (PCR)
27F &St sobazt| sla S5kl
1492R 3 (5 AGAGTTTGATCCTGGCTCAG3")
Josdl zes 5l 65,0 b 5 (B'GTTACCTTGTTACGACTTR))
05 PCR &Y s . 2SS (Senthilraj et al., 2016) PCR
(invitrogen , USA) as,s & 5,81 J3 s, 16SrRNA
Llos oSl L S35, 5 «(Biorad, Minigel) ;55 xSl
Loodd palls Slady slojpmis (Sl oV pame Al ol
b eslizad L 16SIRNA 05 JIys . Lds oL s S 5,
A5 2Uls b4 ol 0L MEGA i3580 e 5 L (g5l s

.| B.cereus .S

S s | s sosd A Tl s IS bl
3555 G B sty Do p Ay S e ¢ SL il
oA B s st oo (MCCBS 5 MCCTT)
23 Gog a5 Tl 5 1SS aw s slas LS glas L
31 (MCCB8 5 MCCT77) 55 slacs 535 Ad plil PNy
3 p oKl LS pie aaSiayn Sl L SIL
5 g ol tlesl 3550 (sla) S A g dge
SAL w53 ededs 5 Ve Lo Vor 00 ) (550
B (FZB42) il Kol okl eSay
a5 (8L =5 O 5 Bucereus «amyloliquefaciens
0 it S NS sen L sy 5 () /0 ) ()5 S e
S il Ul ki STL s (Gssds Ao
A ey SISOl ma g, 0AE baler ke
Sl e sl LAl Ogps eds eslal slaydy
G5 b el 0 plil b bl wbas cois s
PR PR TS TP FEVETNS IV R N W
0535 Jsb 5 YO Sl s b kS s 0L s il
ot 30 )0 Bl A5, LSt el A 5 sl VT s,
alsl 53T OLL B s Jlesl 0 Sl (S =il )
b0 LA b OLLS (g 5d RS S A s, VeSSl
oslinal di gl S sa LI ol oS5 51 A, 60

5o 6,50 0k slaolS (Hoagland and Arnon, 1950) .

oSt s LUl Lol Al S glagsSL
Ai, , B. cereus , B. amyloliquefaciens (FZB42)
Cosd U5 Ll d 53 (MCCB8 5 MCCTT) 3 56 glaas 55
Auxin Response Factor 03 Ols s » cpwames 5 clllS 55

Sy elSy 68U el 53 (ARF15)

L fgy g 3lge

51 0zl (IAA) doal Szl = Jgisl A5 oS ioniw
L Ls e olS Wiy S e slas SUs s, Salkowaski b e
(IAA) dowl Sl Jsil Jlade W5 o 5l Cilases dus
A3 S oLl ey il Sl eslinal Loy WS Egon
Loy fs CdS e 3 Cele VY Sledy (680 glad e
e 03 0555 000) by 5=dI L elen (NB) &
(S S G Loy s S Ay ol Kl a3 YARY s
A A Ve s Vr (sl o3 YO el SISy s
Mg Lus b s ViE s & (Rahman et al., 2010) (1)
5ok el Ol Shse Ky 5l Sy Dsea oS
A Sl b esl OTVA mae sk s s &S
M5 St clle s S sl 3 (Thermo Scientific, 2000c)
Voo B osgdome 3 ST 51 splllkl povs s Lol

.MWLEA}:}L;L:AJJC;)J@

e AL Al S mdl gl 4 s3lwesbl
s S slaes s 5l B. amyloliquefaciens (FZB42) s lxl
ey iy Ol bI S5l el 1 B.cereus 5 s
NC_009725.1 o i3 ojlad b i jt (p S oasamy
BT Cups ciS e o bl gl MWO11662.1
2l Dl G ae a5l sk pIS G S s, (NA)
la oS s Jaxe (NA) Sl cu 58 sl ) e V00
YA Glos o (adds 55 53 )VT0) Jls Kb 5 5L s i S
PRI {RRCA R P CPRSRTN SRR FERK IR
o A5 S Bl 4833 0 Sdeay 5 aids 53 s Vi
GLehls 5 g Soslll b Ve 2o dob 53 o5 J&

el Cewdas (ODgoo —+/0,Y) ki 5540

VEoe lmali g 5l /) oylosds /o3 0590 | gms § (o9l § S oo




e shealy sla s 250

oL g-<> [ as)

a=;3 0 by 4> aads V¢ Ouka (Biobasic, Canada )
5odd Jime o a4 dlolBl 5 el 5 sl Sl
5 Sl 3L RNase o 5l oS jlge b oo Ladi sad & o
los s cole ) Stens 5 i wlol s S pn, ST
038 bt sl Calg 53 s S 513 8 Kl s £Y
Sles 53 4ids 0 e L gad (o iSe Jls sl g, v%fT
ARF15 o5 sl Shlel a3 15 5l Kxle axjs 70
R: 9 F: 5 ACAAGTCTGGGTCCTTTGGT3’
(Ol Wslstes) 5'CCATTTGCTGCACTTCCTGAZ'

s b ol el Sl eslinad b g gla I el
(Applied o\Kzs Sal> $A o ;I Real Time PCR sl
Ve ol s StepOne Biosystems, Carlsbad, USA)
FaSe 0 (JoSe DNA 2y Sa ) 5 eslinl b s S
s (Ampligon, Denmark) YX cbls S ole S i
ek lo iy 28Ty A el Sl a5l 1 Se v/ve
ol i yuly Ll i L (Grad 96 PeQlab) JSSlase 5 s
o e LB Yy e sl Sl a3 48 gles s cady)
oty s Kl a3 48 s Sl s O JLisay lad> o s
Yo Sdeas ol Kl a5 0V La S5l Jlasl gles casli Vo
3 g o el B Y ol s Rl a3 VY 5 oy asls
«osd e Sl GASTy Caslanl Sbsol sl STy OLL
ol sl Kl 45340 e Sl gl e a1 s Les

sl

SAS Sl5dle 5 3 eslizul b sdel oy slaosls 15l 4508
Glawls L Gsasl Gk Sl e SOle amslis LS a4
5oekd bl (P <e/00) dops 0 Jlansl gl o (S
(o 3 S ey JuST iy SOl b ab g e (glals e
Livak and ) A& cpxs 27 A8CT Jge 5 51 05 and Ols Ol

.(Schmittgen, 2001

ool Joped e OT L Gl Byl Go g o 5SG sl
534 5 ool OIS 51 OLLS a3l oy OLL L3 L
M\;@:@Q&o}xumﬁuﬁ)j@\ﬁj@
Pesqueiraetal., ) o g o3Il (Y++7) 01, Ken sPesqueira
St 5 5 05w el plll Sl 5 5 055 el (2006
03SB) ARFLS 05 Ol Olye eoomen A anule 50 4l
MCCT77 5 MCC68 555 5l slajles 3 ((pusS] jimb
o5 (v wye) chle L ja Bacillus sp. « s eaPE
Real- Lo oy IS Y sahon Voo 00 (555 5 Ll 5
A gy oS el leslizal L time PCR

P gdli 55 5% ARFLS 05 Oly (swyp b
Lo Lok sei 31 IS RNA t(g, 58 25 dul 4 ,aBacillus
Sl Ao gl () (cwg3ls) oS Jaadly s 5D
AsSe V LRNA o S5 S ) i DNA S5 01 sl
\ 5 (Thermo fisher, USA) RNase ;| s, DNase | VJJJT
s TV Gl 53 wids Yo Sen il 3L s S
Jus e 5 B gl Culg o3 5 s sl 13 sl Sl
ol Sxall 5 aliss il 25,5 ) DNase | o 5T 03 5
53 i3s3 V0 e 5 6lsl Y 4e e 00 oLl L (EDTA)
Sldie 5 Chle e A 3ls 3l Sl ax s VO gles
Thermo Scientific, ) ls50 oKaws L RNA (glad sal

55,81 U3 g5, (Minigel Biorad) 485,31 5 (2000c

A5 bl (Invitrogen, USA)

Josdl 53 51 JaSe DNA & s #| sl JSRNA s 5o
O Olses LS eslimal CDNA 4 3l b oS ,5 oS
sxam 53 s ke b ST 5 s S sl S5k
VSl esbizal b CDNA (s aslizul o sKas Sls i g5 o 3
e ST a5 S ) 5 cpteass S gla ST 25 S
4 5 (SMOBIo, Taiwan) RT mix 2X o 31 | s )3 pslas
blse Izl (258 bl RNA o S50 000 Slaie 05 L8
(Ol Ss,m Ul ) DEPC oI 5 LS;T RNA

- VFoo Gl g )les /) oylosls /003 090 [ (s § (o] § Sl (owkgeo



O 5 5K oo PSR O P LY VW gt |

Sldws BERNS R YAYA V4 v.:;):‘u )lJL;'.su U’:".'.‘Jﬁ\ E) . ."@w

Ll slawd 1 i pis A sdalie 5 glaasls . . .
¢ Oiree (et PG (Sosb 4 MCCB8 gy Joos skl I
Q)JQ)MLJ:JQJJ&):'/OQﬁ]él.él{uqyc:ibﬁolﬁdoﬁ
9 4 g J:“"S("Af Cikl; (B—\JS.Z)M@MLLA (LSJJAJULAS

Slaastli slaas s Hls e ildl oy i ols Ol 50 cble

GSL chle ol Olis edd e Slie (bl 4
Q)j c&‘}ﬁ r\.,b\ Sl Q‘)} g$\ﬁ r‘u\.:lj; Q)} cots CLQ;J‘):

Pl it O3 ety St 055 S Al 5l S
L B. cereus =il 3 4o)3)AAY (MCCEB OlalS o3

L FZBA2 g il S5 (S 51 b edalie +/0 il

F O e el pll 505 (el alyy Jib () Jsd)
el sluad 5o s pae Ul J xS 4 ol ) chle

5o ) cble s B. Cereus —— (C) SK8) sl QLES e b
/oY L s ) chale jsBlocereus /0 skl L FZB42

S8 E Bl e A8 S G Cod 4l
g raeed 5 2Bl 5 658 Al (RS (D <0/ 0)
Li Gbhgae o cbarls sl cie okl
5 Gopd Wlaw ESeay Kos gam Sl P <e/0Ni/00)
A5 edalie G pme 4l 505y Sde p chE 5 s
s (B JSK3) A edalin s pxe Rl Ao s YUY chle L FZBA2 mdls s ety 5 035 () dsdx) (p<+/00)

Wl syl o v/0 clle U o Slyp,y aw g MCCB8 lals
S gl FEILTIER Y olal, st sk s il Ok e & sy VITOR ce/0

dm > FZB42 B. cereus C“L‘ sl 0L s pae (Aol 58l
Osk) dald mhaw 4 Cd (s IS N gs oo 00 (6550

(A JSK8) s iy 5 05 @l e e (Goss WS

=) }S&) als QLI._: CM.'” JJ‘ u.;\}.h f"b‘ &w;-'" - Q)} 2 \} v /0
=V UKL s Ao s YAOY s> 0 /0 cLle b lag 5 )
.(H

sl s e S Cely ‘(.J“JMJ\JJLS Ve o 00

clble s b su =2 5 L MCCE8 OalS o8 lasls

L JZ..J Ji"’"'j 9o )‘Y}.A‘;_:A 0+ 6)}..2 .19.3"}& B \ /0
Goss ll s ;3 MCCB8 s g5 0l iy, wlis L, B. cereus B. amyloliquefaciens (FZB42) slas ;.. il s s b =) s
Table 1. The results of analysis of variance of B. amyloliquefaciens (FZB42) and B. cereus inoculation on the vegetative traits of the plants

of MCC68 genotype under salinity conditions
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Table 2. The results of analysis of variance of the inoculation of B. amyloliquefaciens (FZB42) and B. cereus on the growth traits of

MCC77 genotype under salinity conditions
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Fig 1. The effect of triple interaction of the inoculation of FZB42 and B. cereus at the concentrations of 0, 0.5, & 1 under the salinity levels
of 0, 50, & 100 mM sodium chloride on the fresh weight of root (A), Effect of double interaction of the salinity levels of 0, 50, & 100 mM
sodium chloride, and concentrations of 0, 0.5 & 1 on the number of sub-branches (B), and the effect of double interaction of the inoculation
of FZB42 & B. cereus at the concentrations of 0, 0.5, & 1 on the number of sub-branches (C), and the main root length (D), fresh weight of
shoot/root (E), and the main effect of the concentrations of (0, 0.5 & 1) on plant height (F), shoot dry weight (G), and shoot fresh weight (H)
of Mcc68 genotype. Mean values denoted by a different letter indicate significant differences (p <0.05).
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Fig 2. The effect of triple interaction of the inoculation of FZB42 and B. cereus strains at the concentration of 0, 0.5 & 1 and the salinity levels of
0, 50, & 100 mM sodium chloride on plant height (A), Effect of dual interaction of FZB42 and B. cereus strains at the concentration of 0, 0.5 & 1
on the fresh weight of roots (B), and the main effect of B. cereus and FZB42 strains on shoot/root fresh weight (C), root dry weight (D), and the
number of the sub-branches of MCC77 genotype (E). Mean values denoted by different letters indicate significant differences (p <0.05).
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Table 3. The results of analysis of variance related to the expression of ARF15 gene in Mcc68 and Mcc77 genotypes inoculated with Bacillus

sp. under salinity conditions
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Fig 3. Relative expression of ARF15 gene in the samples of Mcc68 genotype inoculated with Bacillus sp. at the concentration of 0.5 in the
presence of 50 mM sodium chloride, as well as the samples of Mcc77 genotype inoculated with Bacillus sp. at the concentration of 1 in the
presence of 100 mM sodium chloride. Mean values denoted by different letters indicate significant differences (p <0.05).
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