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Study on shallow bark canker disease of walnut in Kerman province
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ABSTRACT

Walnut is one of the important nuts with a high economic value. Shallow bark canker, caused by Brenneria
nigrifluens, is one of the most dangerous diseases of the walnut trees. Early detection of the causal agent has an
important role in preventing economic and irreparable losses caused by this disease. In this study, 57 bacterial strains
were isolated from walnut trees with the typical lesions of the shallow bark cankers from different regions of Kerman
province. These isolates were divided into two groups, based on phenotypic and biochemical characteristics and then,
amplification product of the expected size (255 bp) was obtained with genomic DNA using specific pair primers in B.
nigrifluens isolates. Pathogenicities of the isolates were assessed on immature walnut fruits. To identify the causal
and the associated bacteria molecularly, a part of 16s rDNA gene sequence was analyzed. Results showed that B.
nigrifluens with a significant genetic diversity spread over different regions of Kerman province. In addition, the
genus Gibbsiella can probably contribute to the increase of the disease severity, which requires further studies.

Keywords: Brenneria, Kerman province, Shallow bark canker of walnut.

* Corresponding author E-mail: Pkhodaygan@vru.ac.ir



ey il 1 55,8 Cangy b S5 (6 Lo axlllas 1), Kon 5 B5lo VoA

oty ¢ (Jamalizadeh et al., 2009) L..ls
Sl alpl e el )55 (Amirsardari et al., 2015)
250095 Ohln g ek bl 4 dgaoe (5 lew
S fand i Wl Jawgie Swil a5 bl
Slp o Wi S et len onl Sl
Sy Wl (U358 g ol )3 99290 GlalS
Col Coml Glls Slold mo iy sl bg, 00,5 o
S b S 4 asg L (Moretti et al., 2007)
S SloS ssliag ol 53 S lem (] 2325 5| GBI
5 axils 392y w5 1) Glnl 6905 Sgl ontin
Candy oyas 5 s B 5 bl
5 50,5 baee bl 1 ()] (55,ey 5 90 o5 Lo
Sl 335 (pllid 5 (o) )N S92 bl
Slodbl gplaer o pad eSS (lysa
S Gslem G015 0t g 5500 emliiis Lo
g ooy S8k bt 4 baye oloS ol
odalive e Cawd o Gledbl 3blie plo pgas
sl 9y il Bhlio S0 > (s leny @
(i ol Ban oge Ol 1) Gheghy pes S
Glhize gblie o ol bele 5 (5 )lont Candy (o

el 0351 oS il (5,15 90,5

B 9s 9 3lge

L AL G3lulae g 5,10 paiges
Boes 3ble aley 51 IFAF 5 VYAV Ll 5 b 5o
2l sl s Sl Gagl) le,S kil (6,5 55,5
(bS5 Obmind; «Sbpd 282 N5 ey
2 4 5 S pglee S )lon 4 St gladiges
5o ooyl glacdl wias Jie oKislesl 4
a0 YA Gloo o el FA Coe 4y g 00yn § dalases
31 = (Schaad et al., 2001) wos (g g wgmmdes
S bz (4, 0l (gilw alls slalss cusly
s > oy (EMB-Agan) 5T sk ojLee (o8

balas 6, 9 gilwAlls
Sy b plaglS (Al 555t o psleamses @l

dod0o
sleaiss o 5 sead 51 SO Juglans spp.) ¢0,5
po Ohes 5l &S Sl ey 85 0 (LS
g 9 oz Sl g adls dezy cwlidin;
slolfig, shls ol HeaS .l sl sslarul
5 oS ol egSans) slaaials .l 93,5 ag
ey bl g Jludlym (5585 Ol pang slo et
2535 65 53,5 sdas S 5l oleS ol |
995 S pj v Jol plie (leyS Gl asius
Jelge alom 5,50 0905 lS,0 ojls a8 0 )
e Y0 51 (S0 55 o0 )3 soaste s Lo
Slost Jyame il CohS 5 CuaS iy LalS
2 S ool et sl GLSL gy S
6oby Oyl g o3 S Olbe 5 ook e Gl
Ol )8 i b g a3lo o)ly 50,5 slagl @ )
Saccardi et al., ) sgi g0 O )lus Sboul o 99,5
whanel slo SOl & ygods (5 low ol @dle (1998
5 Sges 0w aSlh 5 4l Cevgy 3 BeseS
3l egy bl e o gle oy b (25
K j0 5 (Sloged Al g ALBlS y SIS dLnasd e
Sybiss T Cwg py S8 slbds o
cde 4 (g ke ddsl J>1 e (Moretti et al., 2007)
el oS gy s 50 05 (> el 925 4,
s 039 Sspie s (xhaw ZSL Syee
o)k 0dg geizme Sl 4y 45 pygte LB )9 pee
Gl Do 4 S sloged Ald g oad
4>l a4 dgame ojlge ST 50 (6 len e LS oo
&y o ke Jele (Scortichini, 1999) ol cuwgy
(Wilson et al., 1957) 1S5 5ol (sls oS 51 L ondyl
«Rahimian, 1989) .l 5| e a4 ol
Morone et al., ) LJL,! «(Lopez et al., 1994) Lol..!
5 (1998; Saccardi et al., 1998; Scortichini, 1999
3o Gl 00l 5,155 (Menard et al., 2004) 4.l )3
5 (Rahimian, 1989) G 5 s,lw 5 )L gl oyl 0!
Harighi & ) o),055L ol bl ple 5 oT5lm
Baradaran & Ghasemi, ) :,l,S (Rahimian, 1997
4sL5eS 5 w6 (Harighi, 2006) ,Liws S (2004
5 LS (Yousefikopaei et al., 2007) swxlyq: o



ol pbul EMBA cuiS e (g5, » b ,xSL
.(Moretti & Buonaurio, 2010)

alax origh SS9
@RI Jyene (s aaslar SealSes ol
Habibi & Khodaygan, ) o.i zl el s Swlb
swSly B. nigrifluens &45 aseis (gl (2015

)'l oolauwl La ).».»Jj)Sa.c Yo @Lers > 0 PCR
A el (V Jga2) Ca gFp colais! sl 55le]

b Lalas 0955 DNA iS5l oSl lio
rep-PCR sl ,S5LLS 51 oolasul

o955 SOl 31 oS daaslaz bt o)y jolaieds
BOX- 5 ERIC-PCR (cla, 551 5l oslinl | lay)]
09y ool g Jgaz p0 ve2se JIg L PCR
ey b dunlie 9 4 (1991) Versalovic et al.
o ol NTSYS l33l 5 5l oslizeal L Lagl 55 0

16s rDNA (5 Bol 5 yunni
9y S Olyreas g bl olulis ol jslatesy
wlax 4w ;0 165 IDNA &b 5l cosn o laiteal
5 odliial b sylons b olan iz 5o 5 Jele
5 S5 ) Jsax 5o 0ud S5 1387r 4 63f (gla 5L
69y PCR &YV game 580 350 iads g5 punss
g Ve ol Jomdln SN o o0 SO 5,1 J5
b cdx Ve JoSee (39 LS L olyes
J5 & plxl Thermo fisher oS5 ,% Jgaxe
5 !S5, red Safe Lol S5, dlewga

Al (510 aaal CiegaSTly 5 oKiws dliwgd

NAS cosS e (55, Ioazme wiglite JS5
balhs (e et winsS b
sl o alas o lex cnS 5l e ailawguw
CaS ey amen s egendu Exjs ¥
S cagl e 0 oSk (ae SYgb
0 A Gl o (JopedS doye B (gol>
Lld 5 balr ol 28 S esrade
5 leadon 5 IR (Sednid sl S

r a6l pgwpe laghy, oelel »
(Schaad et al., 2001) sio

Sliokew 903
Ve IS s 9 53,5 )31 59,5 L (sloosee
XL (g9, 5 Foread Al @y Duedy o)
JCHPRRE RV TER N I
S velefuml el 4 (gL ool cess
00,5 a4y (Phosphate Buffered Saline) &lews
ogme )9 4 gy 99 4 6 SL Harailwge
SSL Ggmmilomgm Jol B9y 50 D By 995
(P9 (Bgy 5% 9 M P ogee & Sy bwy
30 Feile S sgas Gae b S ke SIS
I e S 0 s g oad ol oguse
LIS (nl )3 Sy vy 5L gemilimge
oolawl valls lgeds b mwl Slawd (8L 1o o)lg
odd (File slooges ugb, Li> Cyx oS
53b9S5l 50 g byl Jlaie O (g5l 5 lSmms (4,0
Heebs ol ooy 18 el A0 Ve gles b
Wlisy) Sogod Ggy V0 Sde a4 o Sy e
sdzxe (§ilwlaz (@D onalice 5l Ly A gy

Sdeh ) o eolaiwle,ge L;Lca)fjlﬂ N Jgos
Table 1. Primers used in this study

Primer name Sequence The length of expected band Reference
F1 5 -CCTGCGCCATGTTGCCAGATCGCTAT-3 .

i | 255bp (Loreti et al., 2008)
Cs 5-ACCTGAGTAGCAGTTTCGACTATTT-3
ERIC1IR 5 -ATGTAAGCTCCTGGGGATTCAC-3 - .

3 3 (Versalovic et al., 1991)
ERIC2 5-ATGTAAGCTCCTGGGGATTCAC-3 -
BOX 5-AAGTAAGTGACTGGGGTGAGCG-3” - (Versalovic et al., 1991)
63f 5-CAG GCC TAA CAC ATG CAA GTC-3 .

3 3 1500bp (Marchesi et al., 1998)
1387r 5-GGG CGG WGT GTA CAA GGC-3
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Table 2. Phenotypic characters of B. nigrifluens isolates (Numbers in the table indicate percentages of isolates with
positive reaction)

Tolerance
to 4% NaCl

H,S Production
from Cysteine

Hydrolysis

Test of Esculin

Hydrolysis of
Tween 80

Utilization of
tartarate

Utilization of
cellobiose

Utilization of

Urease
Lactose

75% 87% 37%

12%

38% 34% 67% 13%
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Table 3. Phenotypic and biochemical characteristics of the associated isolates

Test Isolates
NB6 NB8 NB16 NB19 NB20 NB21 NB22 NB26
Gram reaction + - - - - - - -
Pigment in KB - - - - - - - -
Pigment in EMB - + + + + + + +
Pigment in YDC - - - - - - - -
Oxidase + - - - - - - -
Catalase + + + + + + + +
Growth in aerobic conditions + + + + + + + +
Growth in anaerobic condition + + + + + + + +
Levan - - - - - - + +
4% NaCl tolerance - + + + + + _ _
Hypersensitive Reaction - - + + + + + +
H,S production from Cysteine - + + + + + + -
Arginine dihydrolase + - - - - - - R
Hydrolysis of Esculin - - - - + R _ +
Hydrolysis of Tween 80 - + + + - + - -
Hydrolysis of Starch - - - - - - - R
Hydrolysis of Gelatin - - - - - - - R
Urease - - + + + + - -
Acid production from
Mannitol - + + + + + + T
Lactose + + + + - + + -
Avrabinose + + + + + + + -
Cellobiose + + - - + - + -
Tartrate + - + + - + - -
A B
UPGMA
I 85 UPGMA

! B4 B13

o2 B

— Tt

] Bis 820

o — = =

—|: g;o L :‘-‘?&

B7 L‘l 88

{512 — T2

I :

3/6 3 2/4 1/8 1/2 0/6 0 3/6 3 2/4 1/8 1/2 0/6 0
Euclidean Euclidean

5 (A) ERIC-PCR slacsls 5l oolaiwl L B. nigrifluens slaaiss calols (bl ool 5 pl 59,050 ) IS

Figure 1. Dendrogram generated based on the genetic similarity of B. nigrifluens isolates using
datasets from ERIC-PCR and BOX-PCR, UPGMA analysis, and Jaccard’s coefficient.
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Figure 2. Dendrogram generated based on the genetic similarity of the associated isolates using datasets from ERIC-
PCR and BOX-PCR, UPGMA analysis, and Jaccard’s coefficient
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Figure 3. PCR fingerprinting patterns of representative B. nigrifluens and associated isolates obtained
using BOX primer (A) and Eric primers (B). Lane M: marker (1kb ladder), lane C: negative control



AR YWAA Ll g 5les o) 6,Less B+ 8,90 ¢yl ) (Ko 5alS ils

- B6 B7 B21 B9 B10 BS B22 B13 B8 B18 M B30 B11 B15 B12 B16 B17 Bl4 B19

Wl W wWwgey Vv

|
w

Al -

w

v~

Voo Js8ge 059 ,S0lis M ¢ hie S :C BOX-PCR sla 55121 L B. nigrifluens slaaslos> eSSl 51 6301 F JSi
S5k sz
Figure 4. PCR fingerprinting patterns of representative B. nigrifluens isolates obtained using BOX-PCR primer. Lane
M: marker (1kb ladder), lane C: negative control
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Figure 5. PCR fingerprinting patterns of associated isolates obtained using BOX-PCR primer. Lane M: marker (1kb
ladder), lane C: negative control
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Figure 6. (A) Symptoms on immature walnut fruits inoculated with B. nigrifluens using the syringe technique, (B)
symptoms on immature walnut fruits inoculated with B. nigrifluens using cracks in the skin of the fruit technique, (C)

cross-cut of inoculated fruit, (D) and (E) symptoms on immature walnut fruits inoculated with one of associated
bacteria using syringe inoculation technique, (F) fruits infiltrated with PBS buffer or other associated bacterium.
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