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Establishment of nested PCR method for detecting the branch dieback of
walnut caused by Neofusicoccum parvum
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Abstract The branch dieback of walnut caused by Neofusicoccum parvum has repeatedly been reported in recent
years. The disease is a catastrophic disease of walnut with high incidence and is difficult to control. In order to es-
tablish a rapid and sensitive molecular detection system for N. parvum , two pairs of specific primers, CT-WK3-S /
CT-WK3-A and CT-N-S / CT-N-A. were designed according to the sequence of chitin synthase 1 (CHS1) of N.
parvum and 100 bp flanking sequences, and a nested PCR detection assay was established for N. parvum. The re-
sults showed that the established assay was specific to five strains of N. parvum from different sources and could am-
plify a 97 bp target with a sensitivity of 30 fg/¢#L, which was 10 times more sensitive than conventional PCR. No
products were amplified in the related pathogenic species, Botryosphaeria sp., as well as the other tested strains.
Therefore, the total DNA of walnut infected by N. parvum can be used as a template to detect the presence of
N. parvum early in the disease. The nested PCR system established in this study can provide ideas for field detec-
tion of walnut branch dieback.

Neofusicoccum parvum ;  molecular detection technology; nested PCR
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Table 1 Tested strains and sources

w5 s HRFIE W K
No. Code Species Host Source

1 BHO1 INHFERR A Neo fusicoccum parvum 1k P 1] 4 BH
2 BHO02 INBIFERR A N. parvum 1%k Ll s
3 BHO03 INESERR A N. parvum 1%k iy Ie
4 88207 INBI R N. parvum Tk PyJi )
5 00998 INEFERR A N. parvum R PR T
6 86781 S HE 7% JFE B T8 Botryosphaeria ribis R WA 2%
7 HT-TJ DU EC A5 %5 JFE i B8 Botryos phaeria berengeriana 1Z 1k puiy oo
8 88448 D1 G525 45 S T8 Botryos phaeria berengeriana 1 111 25 B
9 HT-03 TN ZE 5 2 Phomopsis capsici 1%k Ll T
10 HT-Y2 TEE ARG Fusarium napi forme VA pui oG
11 HT-411 TR Alternaria brassicae %k LA T
12 HT-2F IR Fusarium oxysporum 1k PNl Ie
13 HT-L1 PUZE S 5B Phomopsis sp. Bk M= H
14 HT-04 JZ B H Fusarium proli feratum 1k PuIq=
15 HT-05 ARLT AT F. incarnatum 1%k pui{=%
16 HT-06 HERS LR Alternaria sp. Bk W=7
17 HT-09 FERS A Alternaria alternata 1z pui{=%
18 HT-GB2 WRHIRIAEH Colletotrichum gloeosporioides Ak oI 7
19 HT-08 TREE & Gibberella sp. Rk VU HEZE
20 HT-B1 MECHRUIA Fusarium fujikuroi 1%k V1) 2
21 87952 IR FR5e 1 Nectria haematococca VPR B IT ST IR
22 88423 ] n] B Lasiodi plodia theobromae TR pesey |
23 (5337 TAEEAE Cylindrocladium sp. R U1 A AL

5|4y . % F Primer Premier 5. 0 1 Oligo 6. 0,48
i GenBank HF /AT I N. parvum W) CHS1 FiZE[H
My o), Bt RS G W, B S5 CT-
WK3-S(5'-GTGTCTATCAGGACGGCATTG-3")/
CT-WK3-A (5'-CGAGGACGGTTCCAAAGG-3")
W3 R BER /N R 271 bp FIN G4 CT-N-S(5'-
GGACGGCATTGCCAAGCA-3")/CT-N-A(5'-TT-
AGCGTCTTTCCACGGGTCTT-3"), i it 4 14 }
BOR/NR 97 bpo 5140 HH BUERE R B AE W HR A

R H) &

ThES A A B R 97 2k (PDB) « 2 A D 48 8 W
200 g/ L. Fii%Hl 20 g/1s LB Kzt R F R 10 g/ L,
FERRER Y 5 g/ L. @ AkEh 10 g/L. BEAEEFRAE Ny
TEXS LR ARG TR 15~20 g/ L BEREHS .

) B ASCRS « B0 Ak U AR ) 6 PR 2 48 BB &
(Plant Genomic DNA Kit DP305), DL2000 DNA
Marker, 6 X DNA Loading Buffer, 2 X Taq PCR
Master Mix (KT201) MIFARHHEERE DNA [
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Table 2 Classification standards for branch diseases
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Extraction Kiv) a5 ; (X Ak DNA #2102 B x|
/sl gy ] Biomate 3S 4540 0] L AZ R R
F A3 BTG 5 WA Al 35 DNA Y 5t Rk B2 s
BT 20 CIREEREAL .
1.2.2 PCR¥y ¥4k %

HHL PCR P R R (50 1) :2X Tag PCR Master
Mix 25 pL, 10 mmol/L A5 19 (BN 5 ¥ & 2.0 pl,
M DNA 2. 0 L, JHSEZRIEKAMNE R 50 pL, T
94 C AR 5 ming 94 CARME 45 5,55 CiR & 45 s,
72 CHEAH 20 5,33 PMEEF: Aol 72 CHEff 8 min,

H#3 PCR ¥ 381k R LA EI Wik 4755 — ¢
PCR., #1414 Z [ 3 # PCR, 4 B F5 5 3R OB L
kg 53 C FIZE B (8] 24 30 s A Hofth [7] # B PCR.,

BUS—45 =R 10 f5)5 . LN S 1556 — 69"
1A AR IR H R PCR,

HLPRCREIN « 4 20 A B IR MR RIS » 110V LR R HEL YK
40 min,
1.2.3 & PCR 5| 438 K i & 09 0

LIAMS I AN 519 43 5838 N, paroum 3£
21 DNA IR KR FERS B % BN 45~55 C, Hh Aty
FARZIA 1. 2. 2 F# PCR,
1.2.4 %X PCR 3] 44 3 30 iE

5% CT-WK3-S/CT-WK3-A Fl CT-N-S/
CT-N-A X A 3 i Ak 36 B 240 DNA i 47 3 5
PCR ¥ AR M AFEE WL 1. 2. 2 §3 PCR,
1.2.5 PCR /4t 5 & BOF 5| 441

5% CT-WK3-S/CT-WK3-A 1 CT-N-S/
CT-N-A X} N. parvum FF 4 DNA #1785 PCR
Py, FE v VKOS TR B R EE e DNA DGR R &
alifk  yolE 2 pMD19-T #fk . 4%k 2 DHSq J&
AU B 100 pL PR, 37 CRE TR R B R
PRI P R ] LB K5 dkrh, 37 CHR % 15974 h,
FHP T PCR i 6 FH 1 s pe . BEALIE £ 3 A PH I 7ok
AR R R AE M H AR IR A R Y . BRI
P9 26 NCBI 7542 BLAST 36 iF R 5, 7
I DNAMAN 73t 2o 5 H i Beiy — 3k .
1.2.6 %5 PCR % & Exk

S-S %t CT-N-S/CT-N-A il CT-WK3-
S/CT-WK3-A 435l X} ¥ & 4 300 ng/pl. 30 ng/pl.,
3 ng/pl.300 pg/pl..30 pg/pl..3 pg/pl.300 fg/pl.
30 fg/pl 3 fg/pl 1 N. parvum FEH 41 DNA #E17
H M PCR 4 #4 F L2 PCR 744, % & LW ddH, O
S BAPEXS B AR R R R IR] 1. 2. 2,
1.2.7 Xm4 8470

P L. 20 1 HOR R RIS S5 2 A AZ A 4 2 B i e A%
BedL 2% DNA R M B4R, 4300 #5417 CT-WK3-S/
CT-WK3-A ## PCR.CT-N-S/CT-N-A ##i PCR
LS PCR, IR R M FEF A 1. 2. 2,

2 HBRESW

2.1 EX PCRSIMMBNBREMRL

LAk 514 CT-WK3-S/CT-WK3-A #1791
By ANFR KR E T3 N. parvum &R 4 DNA
IR LA 1, 45 R R B 51 W AR KR 45~
55 C I REARGF s 1 th H % 254l Lo 7 4
g YRS 7 W ) 7 A ) 1 o e s R T
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55 CHEmIZXT S iR JGR . A 514 CT-
N-S/CT-N-A AT S AR JGREE T 574 N.

parvum FEPNZ DNA ISR ILIE 2, 228 R %0t 5|
PIHEIR JGRE 45~55 CRIREY 4 H Ay 25417 (B 1
EH MRS . o TS 1 ke e e ek
ek 53 CHEAIZA 5 | WIHYIR S .
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M: DL2000 Marker; 1~8: i

‘C. K2[F]
M: DL2000 Marker; 1-8: Annealing temperatures are 45, 46, 47, 49, 51,
53, 54 and 55°C, respectively. Temperature in Fig.2 is the same as in Fig.1

E 1 3|4 CI-WK3-S/CT-WK3-A iB A B E i it
Fig. 1 Optimization of the annealing temperature for the

primers CT-WK3-S/CT-WK3-A

2.2 H3 PCR SN
ra1Hr%E CT-WK3-S/CT-WK3-A % # PCR

SE KR FEAR 45, 46,47, 49, 51, 53, 54 IS5

M CK I 2 3 4 5 6 7 8 9

PIGER I E 3,5 DRI N. parvum ¥4
B THER B se Y 271 bp /Y H B 450 [H Al B
PRAESA s AR R v B 0 550 8. sl Xt
CT-N-S/CT-N-A % PCR 45 L& 4,5 4>
AR I B N parvum Y4738 TR B 581
97 bpi H 1 541 - (H 8% I B & Botryos phaeria [
3AHERE (B 4, 3KGE 6~8) 1] W— 2524 500 bp [ 155
AEFE R H A 251 Hoftl 10 AN AR T 25 th 3
i PCR 2 %'ﬂu@ 5.5 MANEREIRI N. par-

vum P HEH T 97 bp AYEESTE H A& . i H A
18 MNHRRII TG 557w B,
M 1 2 3 4 5 6 7 8
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B2 3|4 CI-N-S/CI-N-A iR N8 E sk
Fig. 2 Optimization of the annealing temperature for the
primers CT-N-S/CT-N-A

10 11 12 13 14 15 16 17 18 19 20 21 22 23

M: DL2000 Marker; CK: B BE; 1~23: X 1 bk
M: DL2000 Marker; CK: Negative control; 1-23: Strain number is the same as in table 1

B 3 5|% CTI-WK3-S/CT-WK3-A %5 H 416 iF
Fig. 3 Specificity of the primers CT-WK3-S/CT-WK3-A

4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

M: DL2000 Marker; CK: B} HR; 1~23: %F . F 1 bk
M: DL2000 Marker; CK: Negative control; 1-23: Strain number is the same as in table 1

E 4 35/ CT-N-S/CT-N-A £ R %1 iE
Fig. 4 Specificity of the primers CT-N-S/CT-N-A
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

M: DL2000 Marker; CK: BH:XHR; 1~23: %F 3 F 1 h B bk
M: DL2000 Marker; CK: Negative control; 1-23: Strain number is the same as in table 1

B 5 EX PCR R
Fig. 5 Specificity of the primers CT-WK3-S/CT-WK3-A and CT-N-S/CT-N-A for nested PCR

2.3 &3 PCR REEKRN

FHA R SPES | M%) CT-N-S/CT-N-A #1774
#L PCR,RERLINE 300 fg/pl. i N. parvum 5 DNA
(& 6) . 1 F MU 51 % CT-WK3-S/CT-WK3-A 1y
PCR j= #5810 £54E AR, A 516 CT-N-
S/CT-N-A # 47 55 =0 PCR £ I 3] 30 fg/pl 1Y
N. parvumjh DNA(E 7). FHHEA PCR R HE
JEHHL PCR (% 10 £%.

M 1 2 3 4 5 6 7 CK

100

M: DL2000 Marker; CK: BAPEXHE; 1~7: DNABEHRHE JE 1300 ng/uL, 30 ng/uL,
3 ng/uL, 300 pg/uL, 30 pg/uL, 3 pg/uLFN300 fg/uL
M: DL2000 Marker; CK: Negative control; 1-7: DNA concentration is 300 ng/uL,
30 ng/uL, 3 ng/uL, 300 pg/uL, 30 pg/uL, 3 pg/uL and 300 fg/uL, respectively
B 6 FMPCRRGFERIE
Fig. 6 Sensitivity of universal PCR for detection of

Neo fusicoccum parvum

P M1 2 3 4 5 6 7 8 9 CK
2000

g

250

100

M: DL2000 Marker; CK: B4 B ; 1~9: DNAREAR ¥ B 4300 ng/uL,
30 ng/uL, 3 ng/uL, 300 pg/uL, 30 pg/uL, 3 pg/uL, 300 fg/uL, 30 fg/uL
3 fg/ul

M: DL2000 Marker; CK: Negative control; 1-9: DNA concentration is
300 ng/uL, 30 ng/uL, 3 ng/uL, 300 pg/uL, 30 pg/uL, 3 pg/uL, 300 fg/uL,
30 fg/uL and 3 fg/uL, respectively

B7 &3 PCR REEWIE
Fig. 7 Sensitivity of nested PCR for detection of

Neo fusicoccum parvum

2.4 MEFEH£R

PR 7= ) v R e I 8. NCBI s P A 77 2k
BLAST b4t 45 3R 3 W, A ey 3 A4~ B
FEITE S5 N. paroum CMW9071 T bk (GenBank
B 5kEk EU339498. 1) \MUCC211 B bk (GenBank %
S5k EU339500. 1D Fil CMW7772 Bk (GenBank %
S5 EU339495. D 1 )7 81— Bt ik 10026, 100 %
99% , F DNAMAN K {443 3 #1 Lo Xt 22 85 L 7731
555 PCR W /=9 — 3K
2.5 #tk&mAELRKN

ANTA) A T DL 2H 28 R fgt Fe2H 21 DNA 43531 A
CT-WK3-S/CT-WK3-A #l CT-N-S/CT-N-A # 17
H L PCR A0 S PCR A L 2558 WL 8., WXt
S190 5 B PCR ¥ LBERI 3 9.2 R 1 /K
N IR Horp CT-WK3-S/CT-WK3-A 164"
B T 29 850 bp (1B B4y, T PCR /] LLAG I
WA B3 H2 1 BN O GRS, HE A —4k
7 s R R AR A R s TR PCR,

3 itig

— PR | R R UE A RN T R A
PRUIHE ST AR TR e e, H AT, CARIE W
I3 F RO B AR H T 5 B R0 & RNA L[
4 PR ST T B [X (TTS) ) 20 i 42 26 19 (beta-tubu-
lin) 20 L3N 1 Cactin) Y KL IR K RE B0 AR IR R
FEPR (P e S {1 Rl F (factor 1-alpha)™™)  #j4
19 Cheat shock protein) 3 HPH | £k ki & NADH
i S (NADH D™ RNA B4 1145 2 K
WIEFEH (RPB2)™ 45 . AT 0, A [l 49 Fh i 22
RIS 7 81 A ] o ] — 4 Ao 14 ] — 35 PR 28 S A B2 D
ANTA) T AR 0 D T A D B 1) ROSREM LR
HRER FNBE TS TSR — 118
1) 3 A I A BE PR I AN — R T 2 26 ) 5
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9 10 12 13 14 15 16 17 18 19 20 21 22
M: DL2000 Marker; 1~7: CT-WK3-S/CT-WK3-A% #IPCR; 8~14: CT-N-S/CT-N-A% HIPCR; 15-21: §L3UPCR; 22: FHERHE; Hirfr1, 8,

ISR RIRML 2, 9, 12 RIRAML; 3, 10, 1A TGCRIFAL; 4, 11, IBHOGURIFAL S, 12, 1M RIHHL 6, 13, 20 {5

B 7, 14, 210 PR R

M: DL2000 Marker; 1-7: PCR results by CT-WK3-S/CT-WK3-A; 8-14: PCR results by CT-N-S/CT-N-A; 15-21: Nest-PCR results by
CT-WK3-S/CT-WK3-A and CT-N-S/CT-N-A; 22: Positive control (Neofusicoccum parvum); Lane 1, 8, 15: New dead tissues; Lane 2, 9,
16: Diseased tissues with symptoms; Lane 3, 10, 17: Latent infected tissues; Lane 4, 11, 18: Infected tissues without symptom; Lane 5, 12,
19: Residues of dead plant; Lane 6, 13, 20: Healthy tissue; Lane 7, 14, 21: Negative control

8 FIAEK PCR &l ERBH R

Fig. 8 Detection of diseased plants infected by Neo fusicoccum parvum using nested PCR
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