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Genotypic Diversity among Agrobacterium tumefaciens and A. vitis
Isolates From Different hosts in Some of Western and Southern
Provinces of Iran using RAPD Marker

H. Mafakheri', S. M. Taghavi'**, Z. Banihashemi', and A.Niazi*

(Received: 8.8.2016; Accepted: 14.9.2017)

Abstract

To assess the genetic diversity of Agrobacterium tumefaciens and A.vitis , during 2013 and 2014, samples of
grapevine, rose and sugar beet with gall symptoms on crown and roots were collected from different areas of
southern (Fars and kohgiluye and Boyerahmad) and western (Kurdistan and Kermanshah) provinces of Iran.
Based on phenotypic characteristics, biochemical and pathogenicity tests as well as using the generic primers
virD2A/virD2C the isolates were identified as Agrobacterium. Furthermore, species-specific primer pairs
VCF/VCR for A. tumefaciens, as well as PGF/PGR for A. vitis were used to determine the identity of the
causal agent.For detection of opine type among A. vitis isolates, a PCR assay was carried out using primer
pairs VisF/VisR and VisFF1/ R2. Genetic diversity of 4. tumefaciens and A.vitis isolates were investigated
by random amplified polymorphic DNA technique using 11 random primers. The A.fumefaciens isolates
clustered in three groups at 73% level of similarity and A.vitis clustered in two groups. Based on the results,
A. tumefaciens and A.vitis isolates showed high genetic diversity even in a same geographical region. In
conclusion, no correlation was observed between genetic diversity and geographical origins or their host
plants. For detection of opine genes among A. vitis isolates, a PCR assay was carried out using primer pairs
VisF/VisR and VisFF1/R2. Our results revealed that 57.9% of A. vitis isolates produced vitopine and 26.3%
of them produced octopine or nopaline, whereas 15.8% of isolates were unable to amplify specific fragment.
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Table 1. Primers used for molecular identification of Agrobacterium strains.

askad J4b
o ) S5
S S5 GL sl gles
(primer) (Sequence) el Product size  Annealing &
Target region (bp) temperature Reference
VirD2A 5-ATG CCC GAT CGA GCT CAA virD2 gene of 4. 221 54 Haas et al.
GT-3" tumefaciens and A. 1995
VirD2C 5-TCG TCT GGC TGA CTT TCG rhizogenes
TCA TAA-3’
VCF 5"-ATCATTTGTAGCGACT-3 vir C gene of 4. 730 54 Sawada et
VCR '5'-AGCTCAAACCTG CTTC-3’ tumefaciens al. 1995
PGF 5-GGGGCAGGATGCGTTTTTGAG- Polygalacturonase gene of 466 54 Szegedi and
3’ A. vitis CG49 (accession Bottka 2002
PGR 5- number: U73161)
GACGGCACTGGGGCTAAGGAT-3’
VisF 5'-CCG GCC ACT TCT GCT ATC vitopine synthase gene of 561 54 Szegedi and
TGA-3’ A. vitis vitopine Ti Bottka 2002
VisR 5'-CCA TTCACC CGT TGC TGT plasmid
TATT -3
VirFF1 5-ATG AGA AAT TCG AGT TTG virF 4.vitis Octopine and 382 60 Bini et al.,
CATGATG-3’ nopaline pTi 2008
VirFR2 5-TCG TGA TGG GTA TAC GCT
ACG-3’
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SHel ensl s eslizal coute J 28 Ol gieay 10752)
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Table 2. Primers used for random amplified
polymorphic DNA

S

Primer

- Jig3 5

Reference  Sequence (5" -3")

R13 GGACGACAAG  Momol et al., 1998
Al0 GTGATCGCAG

A9 GGGTAACGCC

OPE-2 GGTGCGGGAA  Lopetal., 2003
OPE-7 AGATGCAGCC

OPE-14 TGCGGCTGAG

OPE-20 AACGGTGACC

OPB-18 CCACAGCAGT Maki-valkama &
OPB- 07 GGTGACGCAG  Karjalainen, 1994
OPB- 08 GTCCACACGG

OPB- 11 GTAGACCCGT
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Table 3. Characteristics of Agrobacterium strains, isolated from grapevine, rose and sugar beet during the
summer and fall of 2014 in Fars and Kohgiluye and Boyerahmad , Kurdistan and Kermanshah provinces

Agrobacterun 5,51 g o A s 2150k 5
Source Natural Host wlis Amplification of target
Isolates ' sequence using prim'er pair: .
VirD2A/ VCF/ PGF/ VisF/ VirFF1/
VirD2C VCR PGR VisR VirFR2
A.vitis LT i (grapevin) st KS56KS1 + + + _
(Serish abad)

A.vitis (Qorveh) o 3 (grapevin) SU KGl + _ + _ _
A.vitis (Qorveh) o5 (grapevin) SU KG2 + _ + _ _
A.vitis (Qorveh) o5, (grapevin) SU KG3 + _ + _ _
A.tumefaciens (Qorveh) o5 3 (grapevin) S KG5 + + B _ _
A.vitis (Marivan) O\, ,e (grapevin) SU KM1 + _ + + _
A.vitis (Marivan) O\, s (grapevin) S KM2 + _ + _ +
A.vitis (Dehgolan) oM&Kas (grapevin) S KDI + _ + + _
A.vitis (Dehgolan) o5\&as (grapevin) S KD2 + _ + + _
A.tumefaciens (Bijar) o (grapevin) S KB1 + + _ _ _
A.vitis (Sepidan) Ol (grapevin) S Sepl + _ + _ +
A.vitis (Sepidan) ol (grapevin) SU Sep2 + _ + _ +
A.vitis (Sisakht) csew .. (grapevin) SU Ssl + _ + _ +
A.vitis (Sisakht) e (grapevin) SU Ss2 + _ + _ +
A.vitis Sl e (grapevin) st Dz3 ¢ Dzl + _ + + _

(Doshman Ziari)
A.tumefaciens ol ol (grapevin) SU V.kh1 + + B _ _

(Khaneh Zenyan)
A.tumefaciens (Yasuj) ok (rose) ;, Ya?2 + + B _ _
A.tumefaciens (Yasuj) ok (rose) ;, Ya4 + + B _ _
A.tumefaciens (Yasuj) ok (rose) ;, Yas + + B _ _
A.tumefaciens ol ol (rose) 5, Khz2 + + B _ _

(Khaneh Zenyan)
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Table 3. Continued.

\g Jj.).? aslsl

Agrzs)bac.terium sl o s K™ s i sy g dnkd 3G
peeies Source Natural Host wlis Amplification of target
Isol sequence using primer pair:
solates  VirD2A/ VCF/ PGF/ VisF/ VirFF1/
VirD2C VCR PGR VisR  VirFR2
A.tumefaciens ol ol (rose) 5, Khz4 + + B _ _
( Khaneh Zenyan)
A.tumefaciens ol ol (rose) ;, Khz7 + + B _ _
( Khaneh Zenyan)
A.tumefaciens oLl S RUpRTE Krl + + B _ _
(Kermanshah) (sugar beet)
A.tumefaciens oLiils S REPRTEs. Kr2 + + B _ _
(Kermanshah) (sugar beet)
A.tumefaciens olisle S Ak Kr4 + + B B B
(Kermanshah) (sugar beet)
A.tumefaciens (Eqlid) 13l KT Eghl + + - - .
(sugar beet)
A.tumefaciens (Eqlid) 1Ll REpuT Egh2 + + B B B
(sugar beet)
A.tumefaciens (Eqlid) 1Ll x3,ux> Egh6 b Eghd + + B B B
(sugar beet)
A. radiobacter o ICMP 5856 + + _ _ _
A.vitis o ICMP 10752+ B + B +
A. rhizogenes o K599 + + _ B B

+: Amplification of target sequence using primer

-: Non-amplification of target sequencey using primer

i sles S
5 Soslize o3l 5 el U S win 4w 5l e
sdalie 0s ST 5 (S Ser S sdd 35 ale OlalS
sl Joe ol )3 baalir Sl & () K98
35 b bl e 45 b= 3 L3S sbl JIS 6L
S s 53 L IS sl o o5 e S

VAV

ST b s a5 ge anked 3SS i+
Skl by ks 3,50 axkad IS pde -

bald ool S olbond g L0 3051

A, ebls Code YK 5 5louS| s o aca
oys ¥ gl S b 5 esends 4 5 YO glos
Lalix 315l o sl ple bl dzsls 1) S

A5 gLl Auvitis 5 A tumefaciens O gea
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s ) el OlalS gy, Ak JE e bl Y IS
Slald 3l eai 14> Agrobacterium spp. s\a ald> bw g
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ambe 5l ey 595100 (0) () Cnn) mgr gl 48,5 (535

v
Fig.1. Crown gall disease symptoms developed on
artificially inoculated plants with Agrobacterium spp.
strains isolated from grapevine, rose and sugar beet
in greenhouse conditions. Tomato (a) and sunflower
(b) plants with crown gall symptoms at 20 days post

inoculation (dpi). Symptomatic carrot disk showing
callus formation at 15 dpi (c).
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cilise gLa aslds 45 VIrD2A/ VirD2C [§5Le1 coin 5l ssliwl b VirD2 05 51224 bp andss (53,585 530 oo —Y K
KB1 KD2 (9) KD1 (8) KM2 (7) KMI1 (6) KG5 (5) KG2 (4) KG1 (3) KSI (2) ICMP 5856 (1) :Agrobacterium
Egh6(19) s Egh5(18). Egh2 (17)Krl1 (16) Khz7 (15) Khz4 (14) [Ya5 (13) .Ya2 (12) Sep2 (11) (10)

Figure. 2. Electrophoresis of the 224bp fragment of the virD2 gene amplified in PCR by VirD2A/ VirD2C
primer of Agrobacterium isolates. ICMP 5856 (1), KS1 (2), KG1 (3), KG2 (4), KGS5 (5), KM1 (6), KM2 (7), KD1
(8), KD2 (9), KB1 (10), Sep2 (11), Ya2 (12), YaS (13), Khz4 (14), Khz7 (15), Kr1 (16), Egh2 (17), EghS(18) and
Egh6(19)

sle aslas ;3730 bp  aski , 355 5 VCF/ VCR S5Le1 ci 5l asliwl Ly PCR Jsmams (55,555 55 Sad Y S
s Egh2 (7) Krl (6) Khz7 (5) Khz4 (4) -Ya5 (3) <Ya2 (2) . ICMP5856 (\) :Agrobacterium tumefaciens

Agrobacterium vitis (8)
Fig. 3. Electrophoresis of the 730 bp fragment amplified in PCR by VCF/ VCR primer of Agrobacterium
tumefaciens isolates ICMP5856 (1) .-Ya2 (2) .Ya5 (3) Khz4 (4) Khz7 (5) Krl (6). Egh2 (7), and A.vitis (8).

538 A, vitis glaalis rﬁfSLUJfl b S ol Aol sl e oslite 455 8 J xS Gl solw
sl L &S laalis Jiass ool 55 ol sl (2008 Salahi Ardekani ef ) 355 slubd LokuSt s &8
£ aakas , 35 4 ;33 PGF/PGR S 5Lel cim ((Salehi et al 2006, al. 2000
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o) &= sl o Agrobacterium vitis gla 4l Lug PGF/PGR ST cis 5l oslizul b £+ bp ankd i85 —¢ e
KB1 (10) KD2 (9) KD1 (8) KM2 (7) KM1 (6) KGS5 (5) KG2 (4) KG1 (3) KS1 (2) . A.vitis ICMP10752

Fig. 4. Electrophoresis of the 460 bp fragment amplified in PCR by PGF/PGR primer of Agrobacterium vitis
isolates. A. vitis ICMP10752 (1), KS1 (2), KG1 (3), KG2 (4), KG5 (5), KM1 (6), KM2 (7), KD1 (8), KD2 (9), KB1
(10).

560 bp

KS1 (1)KS3 : Agrobacterium vitis s\a 41a> Jaw 5 VisSF/ViSR S5e1 cix 5l eslizul b sdd 355 0 bp anas -0 Jss
Sep2(8). KD2 (7) KD1 (6) KM1 (5) Dz2 (4) Dzl (3) (2)

Fig. 5. Electrophoresis of the 560 bp fragment amplified in PCR by VisF/VisR primer of Agrobacterium vitis
isolates. KS1 (1) KS3 (2), Dz1 (3), Dz2 (4), KM1 (5), KD1 (6), KD2 (7), Sep2(8)

A vitis Sl ool g5 om ap LSS e ad s 05 51 sl ks

- Lot ol (8 500 Ll A vitis ol
Ti oDy ol Sl & 5 ) 61— b ol (R vitis Ol e

_ A3 RS Lo S S | i 28 gl
U eslinal sl sla KL 51 AL vitis Laslis > il S0 4055 ol g 45 5 gLl
Coo 2 6kl 5 UL sSVE L 05 sl b

Ol aslu= VY Avitis aslas= VA 51 oS sl olis =l
VisF/VisR sla 5T L (Laaslas 51 des s 0V/4)
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(Javaheri et al. O,LSan 5 s ol > 5,155 WLl
o 5 Ol g slaglul ys A, vitis slaa|u=2000)
el 2 s 5 LS o W5 b g s o 8] b
ausl b Avitis sbald= g5, OLKen 5 oy Slallas
=St shls glaaslier Slais )3 Vo oS Ls 5 pdlel
53 (A3 )y s 5 (o n Yol 6 e il
(Ridé et al., 2000).55 £ 15 sins slaas

sl 08U GlalS bl deaD T 58 (e
Olizee 5 deadNTH g5 o S0 b 5l 5 A3l s
A5 o=l o=l el s ol B L st
Al e 8L 5 Olges by Jolad 4y sl
LU Obse oS (35 5 4650 58U cp il @ 0T g5 5
. (Kuzmanovi¢ et al. 2014 s s

Claalis ool ol 03,51 ¥ Jsds 53 &S 5 5boles
Shls Olgs o Ol e 55 OlesSt &K 5l o dilo ALvitis
S b o G SV 5 s sl B8 03 A
5SS aibaie Sy s 4 Ans e OLES SAeSl )
ey Ti 55 S5 g Ol S Jols o o
35 e S Gt i LS 2l s
et )3ls s adle o, 53 D Ti g5 S 1 e
.(Moore al., 1997,

Gla ST 5 Jmol i i glaosls g5\ ol
Solas
R13 A10 A9 sslas sla Sl 5l esli ol L
A. «sla= YY ,5 OPE20 ;OPEl4 .OPE7 .OPE2
3 WV sl Lo 5 s Auvitis «)d> VA 5 tumefaciens

s 2SS Yerbp LYebp JsSTse 055 L L 00

ol a3 0L E Sl Lagte sba SHET 8 S

A Y gl [K3) 5 3 55

AV

M 1 2 3 4 5

380bp

ST i 5l esliianl b o iS5 VAL bp axki- K3
KM?2 : Agrobacterium vitis s\s xlu> ,5 VisFF1/ R2

KD2(0) . Sep2 (4) Sepl (3) Ss1 (2) (1)
Fig . 6.

amplified in PCR by VisFF1/ R2 primer of
Agrobacterium vitis isolates. KM2 (1), Ss1 (2), Sepl
(3), Sep2 (4), KD2 (5).

Electrophoresis of the 380 bp fragment

(0 JS2) a5 sk S 55 om0 andad 3T 4 208
0 A 63ls et nwyus balle sl ol sl
I oS! e sl 13 Laagli 5l Aoy YVF) sl
YA+ axks VisFF1/ R2 gla S5ET0L 45 W g b 5
A3 VoA (N JSEa)ais ST s iS5 i
L3 g el S5 Sladad 1SS C‘Aﬁ& 4 0 laalus
S Laaslis sl oy ol W55 sl Yool ol by
L (I 5 o s=ST ) s Sla!
Rouhrazia ) 2, @ Sl bl o (Y Jgde)
shls glaalus dovitis glaaslis - 55 (2011
3 Ous=Sh slaaslr 5 Al | g 2 e st
L5 ol S e 8 e o 5o ol
O35= < o J3 ey sbadl b ol sy
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M123456'?8910111213141516171819202122232425M|

> (Ikb DNA) S,Le M . RAPD 0551 55 AL0 S56T 51 aslizul L PCR J gvama 55,585 5501 b s 4l -V K3
tumefaciens:. kh7(10). kh5(9). kh3(8). kh2(7). ya2(6). ya5(5). ya2(4). yal(3). ya5Q2)Khz4 (1) \* G\ o, 5, sla
(16).Egh6 (15).Egh5 (14).Egh4 (13) Egh2 (12) Eghl (11) : 4 L\ o led a8 e 5 5l el 14> Agrobacterium
KG5 (22) « V.Kh1 Q1)KB1 20) YY5 ¥+ o,lei , 4Kl 3l ok lu> A. tumefacienskrd (19)kr3 (18)kr2 (17)krl

- A. rhizogens K599Q25) . A. vitis ICMP 1075224) A. radiobacter ICMP 5856(23)pr 5o sla 4/r

Fig 7. RAPD fingerprinting from genomic DNA of isolates using A10 primer. M: DNA molecular size marker
(1kb DNA). Lines 1- 10 isolates of rose: 1(Khz4), 2 (ya5), 3(yal), 4(ya2), 5(yaS), 6(ya2), 7(kh2), 8 (kh3), 9 (khS),
10 (kh7). Agrobacterium tumefac isolated from sugar beet: 11 (Eghl), 12 (Egh2), 13 (Egh4), 14 (Egh5), 15 (Egh6),
16 (krl), 17 (kr2), 18 (kr3), 19 (kr4). A. tumefac isolated from grapevine: 20 (KB1), 21 (V.Khl), 22 (KGS5).
reference strains (23) A. radiobacter ICMP 5856), (24) A. vitis ICMP 10752) and (25)A. rhizogenes (K599)

M 1 2 3 4 5 6 7 8 ¢ 10 11 12 13 14 15 16 17 18 19 20 21 22

sl asli> (kb DNA) S, : M . RAPD 051 53 OPE14 51 51 aslinul b PCR J gaame (55,585 231 oo A S5
9). KG4(8). KG3(7). KG2(6). KG1(5). Ks5@). Ks4(3). Ks3(2)Ks2 (1) ., s ;I eds 1> Agrobacterium vitis
la> DZ3 (19).DZ2 (18).DZ1 (17)Sepi2 (16)Sepil (15).SS3 (14).8S2 (13) SS1 (12) KB2 (11)  KD2(10).KD1

. A. rhizogens K599(22) . A. vitis ICMP 10752Q21) . A. radiobacter ICMP 5856(20)@ o

Fig. 8. RAPD fingerprinting from genomic DNA of isolates using OPE14 primer. M: DNA molecular size
marker (1kb DNA). Agrobacterium vitis isolated from grapevine : Lines 1 (Ks2), 2 (Ks3), 3 (Ks4), 4 (Ks5), 5
(KG1), 6 (KG2), 7 (KG3), 8 (KG4), 9 (KD1), 10 (KD2), 11 (KB2), 12 (SS1), 13 (SS2), 14 (SS3), 15 (Sepil), 16
(Sepi2), 17 (DZ1), 18 (DZ2), 19 (DZ3); reference strains 20 A. radiobacter ICMP 5856) A. vitis (21), ICMP

10752), 22 A. rhizogens(K599).
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Kr4

L Eghl
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056 0T

Coefficient

091 100

OPE2 R13 A10 A9 s S5l can o~ Ntsys-pe version 2.02 53 ¢ 5 3 esliial b el ) f‘JfJJ.Ué -4 s

< JJ/ (3 WL s 5l el 1a> < Agrobacterium tumefaciens s\» 410> ;5 RAPD Q_,.oﬂ > . OPE20 .OPE14 .OPE7

A. vitis ICMP 10752(vitl) 5 A. rhizogens K599 A. radiobacter 1ICMP 5856(tum1) e sl gl 5 A3 jaue

Fig. 9. A dendrogram based on seven random primers A9 (A10 R13 .OPE2 .OPE7 .OPE14 . OPE20using

Ntsys-pc version 2.02. Agrobacterium tumefaciens isolated from rose , grapevine , sugar beet and reference
strains of A. radiobacter (1CMP 5856) A. vitis ICMP 10752) A . rhizogens (K599)
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r T
0.63 0.69

T 1
0.82 0.89

> RAPD 0451 ;5 .OPE20 .OPE14 .OPE7 (OPE2 R13 A10 (A9 S5L5T V5l ssliial Ly add ooy of £ 555 -1+ IS

K599 A. radiobacter ICMP 5856(tuml) sl wllr g g0 Olgee 5l el luer « Agrobacterium vitis &5 s\» 4ld>

Fig.10. A dendrogram based on

A.vitis ICMP 10752 (vitl) y A.rhizogens

seven random primers A9 .A10 .R13 .OPE2 .OPE7 .OPE14 . OPE20using

Ntsys-pc version 2.02., Agrobacterium vitis isolated from grapevine , and reference strains of 4. radiobacter

(ICMP 5856) A vitis ICMP 10752) A. rhizogens (K599)
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RAPD _islas gla S50 (gunes g sla lms — & Jgu
Table 4.Usefulness of random primers of RAPD

primer PIC P1 D

A9 0.691 0.022 0.978
Al0 0.690 0.022 0.978
OPE2 0.751 0.031 0.969
OPE 7 0.735 0.023 0.977
OPE 14 0.894 0.021 0.979
OPE20 0.704 0.023 0.977
R13 0.782 0.024 0.976
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