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TagMan MGB-based Real-time Fluorescent PCR Method for The Rapid Detection
of Diaporthe caulivora
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Abstract: In order to accurately and rapidly detect the quarantine fungi Diaporthe caulivora, a species-specific real-time
polymerase chain reaction (RT-PCR) assay was developed for the detection of D. caulivora. A pair of specific primers and a
TagMan-MGB probe were designed and synthesized according to the difference of ITS sequence between D. caulivora type and
related species. A novel real-time fluorescent PCR was established to detect D. caulivora. The minimal detectable
concentration of targeted DNA was 1.0 pg in 10 pL reaction mixture. Optimal primer concentration and probe concentration
were 0.5 pumol+L ™" and 0.6 wmol+L ™" respectively. The method could be used for the detection and preliminary screening of
the samples suspected of carrying D. caulivora. The new method is more accurate, sensitive and time-saving than the
traditional method and is suitable for routine use. It also provides a valuable tool for early rapid sensitive detection and
identification of D. caulivora in plants and gives plant protection offices the chance to react accordingly and to evaluate
measures for plant disease management against D. caulivora.
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5, R A Primer Express 3. 0 31T T R 7 151
¥ DCF (5'-CGGCCAAGCTAACTCTTGTTTT-3") . DCR
(5'-AGATCCGTTGTTGAAAGTTTTGATT-3") Lk K %¥
FYERET DCP(5'-CACTGAAACTCTGAGAAAT-3") ,
T RN R 79 bp (B 1) o HEF RIS Y) L4685
HEFERE (L) A A BRA R A R,
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. NR165951 Diaporthe aspalathi CBS117169 TYPE

. MK942683 Diaporthe bacilloides 2KP-2019 TYPE

. NR11184S Diaporthe caulivora CBS127268 TYPE

. OP735573 Diaporthe endophytica A9 TYPE

. 0Q748068 Diaporthe eres strain SXQC24 TYPE

. MK942682 Diaporthe flavescens 1KP-2019 TYPE

. MK942684 Diaporthe insulistroma 3KP2019 TYPE

. NR111616 Diaporthe kongii BRIP54031 TYPE

. NR144924 Diaporthe longicolla ATCC60325 TYPE
. OL305015 Diaporthe miriciae PJGHFRP283 TYPE

I N

0
11. MH299960 Diaporthe novem strain MLT18 TYPE

12. KU672724 Diaporthe pseudolongicolla PL44 TYPE

13. MK619274 Diaporthe tectonigena strain Ct-LCS TYPE
14. MK942676 Diaporthe uec! e 17DIA124 TYPE

15. MK942681 Diaporthe unshiuensis 17DIA109 TYPE

16. NR147542 Diaporthe sojae CBS139282 TYPE
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Note: The black box indicates the region of forward primer,reverse primer and the region of probe,and the arrow means the direction.
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Fig. 1
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HUFE PDA AR 1% 20 d ZE A7 OB 224K fili
TANBead® Plant DNA Auto Kit i3] & , Il % A
ALY ( Thermo Fisher, Kingfisher mL 7 ) £ Hit
DNA, £ # o & 70 )t )6 & 3t ( Thermo Fisher,
NanoDrop 2000C %) £l $2& Ht DNA (¥R 2, /A7 T
-20 C#&H,

R DNA S50 JROIESE 56 [ R 32 4y, B i
Al 100 g, Ak B R AR E, LA 500 mLL #E
B, IF A 250 mL B RZE MK, H PBS 22
MVRAE 200 remin ' BEIRPERL 1 h,4 400 remin '
DEB LW, B3 50 L B 0%, 4280

DNA sequence comparison of the ITS regions between D. caulivora and closely related type species

20 min, AR S S5 I TTVE W) 1 T bR a0 & 0y ik
PRI AT DNA

1.2.3  #5FmiRe LIBHARE PR  DNA SR,
TCH /K Ay 23 116 IR 3R AT S 285 PCR 971,
10 WLY HEK R .5 L 2 x TagMan® Universal PCR
Master Mix, 0. 5 pL 3[4 DCF (10 pmol - L™"),
0.5 pL31% DCR(10 pmol-L™"),0.5 nL K4t DCP
(10 wmol -L™") ;1 wL #54% DNA, Jil RNase free ddH, O
%10 pL, 7EXE & PCR A ( ABI Prism 7900 %) Hr it
AP, RN AEFE N :95 °C 10 min;95 °C 15 s .60 °C
1 min, 3£ 40 PMEFR,

1.2.4 5B 3EE PCR 4k & 09440 5l AL
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BREF M BEAAL . L) BF125 BRI DNA Kk
P IR 1. 2.3 SO A R i At B A v FE AR AR | e B A
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1.2.5 R#EX% LU BFI125 EREK) DNA A
B, H ddH, 0 K DNA #4710 546 BERG B, 35 8 A8
JE BB 3 WA AT RIS . 7610 pL
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Table 1 Sources of strain used in the study and detection results
bk i K e BEMECETD e por prmz
Strain number Strain name Location Host dentification time Result of real-time PCR
(year. month)

BF-2 Diaporthe caulivora XH K 2018.03 BHE Positive
BF-3 D. caulivora K H K 2018. 03 FEE Positive
BF4 D. caulivora XH N 2018.03 FH Positive
BF-5 D. caulivora ) NG 2018.03 BHE Positive
BF10 D. caulivora P AR AE K 2018. 10 BAYE Positive
BF11 D. caulivora P AR AE K 2018. 10 BAE Positive
BF12 D. caulivora PR AE K 2018. 10 FHPE Positive
BF13 D. caulivora P AR AT pNISA 2018. 10 BAE Positive
BF14 D. caulivora P AR A PN 2018. 10 FEME Positive
BF15 D. caulivora ESE| K 2018. 10 BAYE Positive
BF16 D. caulivora B pNISA 2018. 10 BHE Positive
BF100 D. caulivora B pNISA 2018.01 BHE Positive
BF101 D. caulivora eS| PN 2018.03 FBEE Positive
BF102 D. caulivora S| PN 2018.03 BHE Positive
BF105 D. caulivora S| pNISA 2018.05 BHE Positive
BF106 D. caulivora B pNISA 2018.05 BHE Positive
BF109 D. caulivora ESJE| KRE 2018.05 FAE Positive
BF110 D. caulivora S| K& 2018.05 BHE Positive
BF111 D. caulivora S| pNISA 2018.05 BHE Positive
BF120 D. caulivora XH K& 2018.05 FHE Positive
BF121 D. caulivora eS| KRE 2018.05 FHPE Positive
BF122 D. caulivora S| PN 2018.05 BHE Positive
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bk i K o BEMECETD e por prms:
Strain number Strain name Location Host dentification time Result of real-time PCR
(year. month)
BF123 D. caulivora B K 2018.05 BHE Positive
BF125 D. caulivora XH K& 2018.05 BEE Positive
BF126 D. caulivora eS| K 2018. 05 BAYE Positive
BF127 D. caulivora S| PN 2018.05 BHE Positive
BF128 D. caulivora XH K 2018.05 FHE Positive
BF130 D. caulivora JIE-PN PN 2019.01 PR Positive
BF131 D. caulivora I SN K 2019.01 FAME: Positive
BF132 D. caulivora IE PN KRE 2019.01 FEE Positive
BF134 D. caulivora N K& 2019.01 BH M Positive
BF135 D. caulivora =N NG 2019.06 PR Positive
BF137 D. caulivora IIE PN NG 2019.06 A Positive
BF138 D. caulivora JIE-PN NG 2019. 06 FRPE Positive
BF140 D. caulivora JIE SN pNISA 2019.06 BHE Positive
BF150 D. caulivora eS| KRE 2019. 06 FHPE Positive
Select-1 D. aspalathi e K& 2008. 08 FA{E Negative
BF112 D. aspalathi XM K 2018.05 Pt Negative
BF113 D. aspalathi S| 52 2018.05 11 Negative
P1232 D. longicolla ) 5 2020.08 Pt Negative
P1233 D. longicolla it} K 2020. 08 FAE Negative
P1234 D. longicolla it} K 2020. 08 FAE Negative
P1235 D. longicolla ) Kz 2020.08 Bt Negative
P1236 D. longicolla it} K 2020. 08 B Negative
P1237 D. longicolla i) K 2020.08 11 Negative
P1231 D. longicolla =) K 2020.08 11 Negative
P1238 D. longicolla i) K 2020.08 Pt Negative
P1239 D. longicolla i) K 2020.08 It Negative
P1240 D. longicolla R K 2020.08 Bt Negative
P1241 D. longicolla ] K 2020. 08 Bt Negative
P1242 D. longicolla (] PN 2020. 08 Bt Negative
P1220 D. phaseolorum =) K 2020. 04 114 Negative
P1222 D. phaseolorum ) K 2020. 04 Bt Negative
P1224 D. phaseolorum it} K 2020. 04 Bk Negative
P1227 D. phaseolorum whit) K 2020. 04 Bk Negative
NJ9 D. unsliuensis | PN 2021.10 Bt Negative
NJ10 D. longicolla XH N 2021. 10 Pt Negative
NJ12 D. aspalathi B K 2021.10 114 Negative
Bal8 Alternaria sp. (i KE 2020. 04 FHHE Negative
Ba2l Cercospora canescens (i KE 2020. 04 B Negative
Ba2 Chaetomium sp. i) K 2018. 11 P11 Negative
Bal Chaetomium arxit i) K 2018. 11 FAHE Negative
Ba22 Colletotrichum sp. i) N 2020. 04 Pt Negative
Bal7 D. longicolla (] KE 2020. 04 Bt Negative
Ba9 Fusarium sp. =) K 2020. 04 It Negative
Bal5 Gibberella fujikuroi ) K 2020. 04 Bt Negative
cs Marasmiaceae sp. i) K 2020. 04 Pt Negative
Ba39 Macrophomina phaseolina i) K 2020. 04 FAHE Negative
Ba32 Sordaria sp. =) K 2020. 04 B Negative
Ba4 Thielavia hyrcaniae i PN 2020. 04 Bt Negative
Ba7 Talaromyces assiutensis =) K 2020. 04 It Negative
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B2 XEFERGFRELMRE PCR B4R EIRXE
Fig.2 Specificity of the real-time fluorescent

PCR assay for D. caulivora
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2.2.1 Bl Emae EEANRWKRENSIY, N
0.1 pwmol L' E 1.0 wmol-L ™", L 0.1 wmol-L "%
AT Pk AR, A5 R WK, 7E 0.1 ~
0. 5 pmol « L' S5 Bl PN, Ct {5 I 5 e B 345 R i ik /)
1M A Rn (BB VR BERE RIME R, B, 5 | s
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Fig.3 The optimization of primer concentration

2.2.2 IRANREMRAC TR0 FAE T | R B Y 5
filt b, B E AN [R) R B AR B }J\o 1 Mmol-L" E)
1.0 pmol -L™", 0.1 wmol - L~ AT IR AT U
JERA S, 45 R R . Ctﬁﬁﬁ%mﬂ*jﬁﬁﬁﬁ
/I, AR {B B A e RE 1S DTS R YR B E
0.6,0.8 F10.9 wmol - L ~'H, ARn {H ¥4, Ct
EBB/N, ZFZRAR (K 4), B, W& T2
HI ARSI A BEE 0.6 wmol - L™ NHRE 1 %
MR

Ik Slajeia)

1000 B2

0.9 jimol/L ==
e ERE

ospmon.————-’/_,rm—
/h-—‘bmﬂcu.

/ ———=T.0pmolL

V22 I
- CmE
A 0 4 ymol L.
& e ﬁ—O}umolL
]
0.2 ymol’L.

]/;0 1 pmol/L
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Fig.4 The optimization of probe concentration
2.2.3 HALBER A F  SERIEOE PCR 514
PRET MR BE i e 25 R, R A 0.5 pumol - L™ (514
WREFN 0.6 pmol - L™ A4V BE SEA T R I s, T 3R
135 1Y A Rn fE RN C 8, BIOLAL S 1Y 520
KZEH:5 L 2 x TagMan® Universal PCR Master Mix,
0.5 pL 514 DCF (10 wmol -L™"),0.5 uL 514 DCR
(10 pmol -L™") ,0.6 L £+ DCP(10 wmol -L™") 1 nL
DNA,ddH,0 #ME 10 pL,
2.3 REFEKRNRARE#MERETL

REPEXF LA R B, 2 DNA S50 1.0 pg
iF, AT UGN B Bl B9 A R B, IS R A9 C {EAS
KT 35.0;24 DNA &0 1.0 pg DA T B, A IANF]
PAFT , IICAHIFE BT 8 N7 1 SER 29801 PCR %
P AR PR SZ 1.0 pg(El5)
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Fig.5 Relative sensitivity of the real-time
fluorescent PCR assays for

D. caulivora

T R v B A B A B DNA AT SR 5
PCR Al , & 30 DNA ¥ B 119 X 55 5 ] A il 21 i) 2¢
A7 T IR R B UARSE 3 A PAT IR 45 R s,
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& DNA R B2 R,y ARERA Y CefE (B 6) .

Standard Curve Plot
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Fig.6 Standard curve obtained for the total DNA
quantification of the real-time fluorescent

PCR for D. caulivora

2.4 EStHN
LI BF125 B #k DNA EI’J 5 NE (20,2,0. 2,

0.02,0.002 ng-wL.™") #1473 AL M E LM E, N
Foml A HNER CV{EE 0.02% ~0.79% Z
] ¢Ha]H A CV {HAE 0.09% ~0.94% 2 |a], /NT
1% , Ut B A BIF 5% 97 3 57 1 K & b O 25 05t 9 e 1
TagMan MGB 7% 5t: PCR A5l 77 ¥ 1) 8 &2 M Fn e e
PERAT

*2 EEHABRER
Table 2 The results of repeatability TagqMan MGB real-time PCR

i { DNA/ — — — ¢

e (ogpl) Gl HH 2 w3 FHfE it 22 LT 14

Repeat 1 Repeat 2 Repeat 3 Mean SD CV/%

20N Intra-group 20 19.27 19.25 19.20 19.24 0.04 0.19

2 23.43 23.38 23.31 23.37 0.06 0.26

0.2 26.63 26.64 26.64 26.64 0.01 0.02

0.02 30.31 30.32 30.32 30.32 0.01 0.02

0.002 33.73 34.12 33.61 33.82 0.27 0.79

21 /8] Inter-group 20 19.21 19.42 19.30 19.31 0.11 0.55

2 22.72 22.74 22.70 22.72 0.02 0.09

0.2 26.52 26.57 26.60 26.56 0.04 0.15

0.02 30.72 30.63 30.45 30. 60 0.14 0.45

0.002 34.42 33.81 33.94 34.06 0.32 0.94

2.5 EEREERET

IS AR BT B 51 ) SARE R 1.2.7 32
0y #5556 EI R W DNA R SL A TA0 7 2507 9 TR 1Y
R SRR AT, A DU PHAE AR S 19 By (B 7). Bk

A 50 BT 2 57 19 K 2 AL J7 228895 0% I TagMan
MGB 236 PCR 6 7 VA RHOR R 47, REE B4 T
HESFE R LA ity P B0 DR R b 5 28 3597 9 T A ARG
iy
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Fig.7 Detection of D. caulivora in soybean samples
3 itig

I DA 5 5% 25 6 0 K5 B L 2 v
U E AR g 5 ' BlE DR S i A ]
PR SRAS W3S, 45 DA 5% [ | 8 G R o A A 25
FEHE AR B 142 ¢, 2 TR I 0 R R R AR
B0, REERIPIN T A ™ 5, #5404 P
KL PR A=, 2 1R R RE TAE e 1 3K 8%
LA 0 R 101 K Gk R R A B A A
TERMPEEE ., BT EREEEDIEERDN SR
TR ARG TR FE I K A R I LA A
Y2 BT H R A A F A ok i B R A —
FERGINT G2, A AR UEHE TR AR 2 i 4R R
SRR R G A 0 BER R A U 12 44T 0
FIVRSEIN | Ay 5 A it 0 185 5 5 T ARSI 5

KAL) ZE 897 0 T LA T 22 4 e e K e
MERRFR M 4% FEURAE 5—6 H,10 ~27 C FIEAL
T4 PR R R T Ra T T8
638 20 RV RO XA B 9 R, 4 R QLR PR . TR
- JRAEFD T rh BRI R AR R K AL Ty 25 Bt
9 DRI B B A R 1 R AR AR, W R L Ty 2R
8 PR ARG DU R 68 2 | PRt ST A8 0 Tk A T 2
TEAFAE—E RIME, 150 & O & A2 1 000
e U KN 7 B 1B S5 Y ol | S i 2 ol R
[i] J3 7 JR AP TR AR FRAE 43 AR AL, 32 AR A AR 2

T BRI I AR R 2 A A AT
DA K T TE A R AT X 43, H 3K B RRAE 32 S A
SRR AR BRI S, 5 5 5 i AU A 26
FRRVE o I R AR 35 4R, 9 % Ji
se)R PR AUA D. aspalathi, D. caulivora
D. kongii D. longicolla 1 D. sojae “5/VEUFIZE )
P H R T INR AR5 T BRI BRI, % R AL )y
25Tt 1 S R B AR U RE D AR F AT R, R
TR IR IRAT TR S . B FLR 2R 2T
FERIANWT R A 3T 4F R B WF S84 1 K 2 5 i A
2 InEE RS F D, novem'™ | D. ueckerae'™ |
D. unshiuensis™ D. bacilloides"**”" D. ﬂavescensm'27J
1 D. insulistroma*** % R, &7 EIH A YRR
SRER b A G 0 5kt AN T sl A b B B R Y JR)
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