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(3. EMZM E K E SR E P EPEREAGER ARG JEET 100700)
4. ilizEpe Sal —=EEBe = 3Cil 663000)

1 E.[8 61—k 569 = 6ARJE % R A 1B Y 34278 % (Cylindrocarpon destructans)
TR ERM T ik, WITEIARERESHMAE RS AM AFREZ A EREXEZ. [Fi%]
A4E GenBank &3k 69 k342 50% rDNA A F IGS /47 b B, & iH4F F 451 492 CDU2 #= CDL2b,
F)F)&# SYBR Green I 49 % 8 % 62 & PCR 2 2 BT E T AW 75 ik, A = LARIR L3R
S%IAETE 1DNA A B IGS A B#E NI, Faotr L 5 ED EFf AM ARz EZ X 2 (4
R 1 K FABARAR IR 138 2 3RAET0E rDNA £ B IGS A BN KB ¥ 5 T Eibitk, = bRFLE
FRAAERERZ M LA EARARREIRELIRE RAARXP<0.05), 5RALEYE
ABARR A F FA KSR E . (48] AT EHEE PCREREZZHEIAEREN S TEE
Tk RS AR M = BARTR L3R P SRR T S AL HHGRAE K AM AR R Z,

Molecular quantification of Cylindrocarpon destructans in the
rhizosphere of Panax notoginseng for predicting plant
growth response
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Abstract: [Objective] To establish a fast and accurate quantification method for Cylindrocarpon
destructans causing root rot disease in the rhizosphere of Panax notoginseng, and to reveal the
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correlation of C. destructans abundance with plant growth and AM fungal colonization. [Methods]
Based on the rDNA IGS sequence of C. destructans obtained from GenBank, specific primer pair
CDU2 and CDL2b was designed. Molecular quantification of C. destructans by real-time PCR with
SYBR Green I was established. IGS fragment copies of C. destructans in the rhizosphere of Panax
notoginseng in field was detected with the newly established method and its relationships with plant
biomass and AM fungal colonization were statistically analyzed. [Results] C. destructans was more
abundant in rhizosphere of infected P. notoginseng than that of healthy plants (P<0.05). IGS fragment
copies of C. destructans was negatively correlated with shoot biomass and mycorrhizal colonization
rate, but the correlation between IGS fragment copies of C. destructans and root biomass and arbuscule
abundance were insignificant. [Conclusion] The quantification method for C. destructans based on
real-time PCR could well reflect the population dynamics of C. destructans in the rhizosphere of P.
notoginseng in relation to plant growth and AM fungal colonization.

Keywords: Panax notoginseng, Root rot disease, Cylindrocarpon destructans, Real-time PCR, AM
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— - [Panax notoginseng (Burkill) F. H. Chen]J&
— M TEIAS 8 Z AR AR, DI TR
MIZEANZG, B Mo . e w55 R 452
Y, BN TR ERAT RSP A Z— BR)R.
JPEA A RS, AT =L RS TR E S
R SCHPHER B E 9A M B HARAT X P P K30
AR —Ak . MR SERR R, I b B p R R
PRI e [ B (R A B ED ) = e A i
U E (VR R4, RPN AN R AR
it G 7 b s [R] A9 S A2 35 A LR ik ™ e,
HRR BSR4 J A e R g BB, = ARG 0 2 e
flfi LAl 2R R B 2 TRk, AR iR 7E
5%-20%Z ], FEEE R AR Lal, TR X
=-EARLIL R EE 2z

= EHUBRES N ARE, BHEAPIK
RIRER, 3 E 3-4 A 7-8 A, SWKFi
FREE LA S 23 SR BE B WIS 56T =LA
JEEAA AT, HEERAAHIE . Ma N
HHEERTRE RS R B E AN ST,
A B ARy N T (4 4R R R B 14 2 AR A
HolE A o 0 A FAT T R A R A T
FEIE ST ZBERVIBEE VRN RIS, 380
YTV R A0 B 8 1) R R A,
FATN A TE =L & A= i B b BT 1 32 5 3
P AT BE RN U S g i — A X MR I ] R

B B SR ST, BRI ON SRR
175 (Cylindrocarpon destructans)Fl =+ ¥ &5 14 (C.
didymum)e: H 1] =L AR B s i Ei S0 i BT . A 58
Bt 5% 1A BA A %ok = L AR 5 T i T TR T 40 3K
PIRIESE TAE, B R 105388 . 4508 DL AR
Sy B ERRT IR W E T SR T A R — AR Y
R A FET, SRR R A A
BE I AN R LR S AR A K L RO AE Y
BRI I R 7 TS A AT HGE .

AM E R E—FhiEY 80%LA I pkGiA: it
(A 25 H IR E ), SE R R LR
REAE 5 Bh 5 FEAEPI T g e, sk i s 5%
R LR AT s R M AR R
Poiaa A0 DA R R AT AM
LA I 4 e R O 5 = R R B {3 bR 10 %% 1) A
PV AR SIS, FEVRIEAT BRI T, A
[Fi) A5 2550 o 48 A () A 25 A0 o ol 2+ 0 L 8 1 5
AR IR ISP, St AM BLAT G R
X8 2 W 38 A ) R A% KB R ) A BRI A
P ERT, SEHER RCE YR 6 T T ST
TAETFRED, AM A SRR Y =LA R
FHH G RIBEA iR IE

ABFFEFIF & A SYBR Green T HYSEI 5 E5E
it PCR X =L AR PR+ 8B R AE F 85 064 7 A
B FEA R B AN vk . RIS, AR S pr iR
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FEMPR TR A B SR AE K A AM
HR R GBI AR o

1 MR5E
1.1 #R5AF

FRUETEFK C. destructans ACCC36225 i [ 4k
MV B A W B AR R4S B 0 (Agricultural Culture
Collection of China, ACCC)#&ft, %Ptk [k
Ar Bk B AR AP D SR BT B 2 B A SCLLHE R F
H 3G M0 B AR A =R W R AR 4 4 B
I

BIGFE iR A =L X = F A ST
(e E R T I R o2 s o '3 17 = S W = SN 1
A = LBk A = LR 2 &5 10 LU T
TEVEYIY R BoK) o 25 Rt = O34 &5 R TE 30%
PANC AV

FRIUE 2 385 £ DNA FastDNA® SPIN Iy
T3 E MP Biomedicals 23 1] ; BrRlR#iEENE A2tk
& QIA quick gel extraction T35 & QIAGEN
Ay ORI BUai L 50 & MiniBEST Plasmid
Purification Kit I/ H Ki% TaKaRa Biotechnology 7y
w5 WS Bk BE FH Nanodrop™ ND-1000 1 [ 26 [
NanoDrop Technologies /A ] ; pPGEM-T Easy Z {4l
HZE[E Promega Corp./AFl; KIFFFH#(Escherichia
coli JM109) /& 57 75 4l }i Wy B K % TaKaRa
Biotechnology 2 ]; SYBR® Premix Ex Taq™ 4 A
K % TaKaRa Biotechnology 7\ A ; iCycler iQ5
Thermocycler 14 H 3¢ [% Bio-Rad A H] .

1.2 7%

121 IRt AsF R AN M4 Kernaghan
SRS 1% CDUT #1 CDL1b XHE-4 3R
it DNA DU N SR AE R 85 415 72 B vk DNA i#£17 PCR
PHG, XTGP T O SRR DNA
A IGS J¥41(GenBank % 5% : AY037554)#17HE
7o TEHLEAE E A Primer Premier 5.0 #i1H A4S 5
PEsE B B9 CDU2 (5-GCTACCCTATAGCGCAG
GTG-3")Hl CDL2b (5'-CCGTACTGGCTGAAGAGT
CA-3"), HARY 3R B 152 bp. A5
Yrxt CDU2 1 CDL2b FRNHE & 34 i DNA
SERE SR AT R R PR L R 2 DNA #17 PCR 73
I ¥ B

122 fRAEZRFIIE: TS5 (DNA JE
IGS 74 i B 14 a bR v i 28 % ] C. destructans
ACCC36225 VERpnifEnl Rl . ACCC36225 7E PDA
it ERvE R BEEE 1A), BA RN
To ROAERTFER, £ 1-3 &, KANAH
(27-38) pmx(5-7) pm; HA M | WA R)E
HET, EERIE, BERAN 12-16 um. W4
ACCC36225 W M FEWYWME, XH
FastDNA" SPIN 7] g #E Al 1% 55 bk 4 S N 21
DNA, % PCR . 1%LAEWREER s> fm, Ik
152 bp K/ HARSH, H QIA quick gel extraction
WG, slifb)s i P2y 56 e 1% B 3
pGEM-T Easy #fA I . $i%E 35 I EUARE A KRG
P (Escherichia coli IM109)E&z 2541, PkEuZ

F1 RELREREEM=ZLEBARRFR

Table 1 Coordinates of sampling sites and disease incidence of P. notoginseng plants

(W] AT X A 2R % %13 RS
Code Administrative area Latitude Longitude Altitude (m) Disease incidence (%)
1 Tz 23°42'31.00"N 104°25'11.07"E 1524 15
2 B SER S 23°1828.35"N 104°20'44.85"E 1390 30
3 B SRS S 23°1829.18"N 104°20'43.14"E 1382 10
4 W% & 23°11'00.86"N 104°1327.03"E 1552 15
5 AR 23°13'48.43"N 104°12'39.84"E 1593 5
6 AR 23°13'53.53"N 104°12'01.63"E 1 684 5
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E 1 SIRHEHEE C. destructans ACCC36225 HIEA

AR BRERE F REIXEIE®B)
Figure 1 Colonial morphology of C. destructans on PDA (A)

and electrophoresis spectrum of targeted gene fragment (B)
Note: M: DNA marker DL2000.

FIBERIE MRS PCR %8 FT kAT i B M S e 7%
A A FE S DR B O A B2 w) R T 5
WE. ArE ek 7454 Ampicillin () LB AR 33
FAE 37 °C. 200 r/min K5 R, KA MiniBEST
Plasmid Purification Kit Sy # B a4k 7] & $E HUs
%7, FFH] Nanodrop™ ND-1000 Wl & BRIk i . i
rn JEURL DNA. Bl P 1) S R A 052 rDNA L[] 1GS
751 B 0 4 DRSO B2 (95 DL /W) R BRGNSy kit
Fiitaa: EEFhRUES: BUR. DNA R/ 3 015 bp,
BB UE S OB, DNA H & — A SR A &
tDNA J:[H IGS 504508, H 1 bp B34 BE /R i
47 660 g/mol, AR HARIES: TR DNA
Mo B bR Be ¥ DLEOR JE, rDNA JLA 1GS 741
BB ¥5 UL B uk B (#5 IL juL)=[6x107 (#%
I /mol)]x[DNA ¥ J& (mg/L)/[— ™ 3k R 4H 1) BE /R Jot
H(g/mol)].

FEPRIE S BUR. DNA HE T 10 f585 BE R RERIVERY
1071077 ZRFRHERE: Sh AEEIARE S RIS e T4 558
MR T A5 b v 0 2 31030 R AR DU AR b v ) E A S TR
PR, foln ATt 40 B RRIEDR 5 DLECk B
HEF oMt
1.2.3 E= PCRKF: it PCRIAR(25 pL)EiE
12.5 uL SYBR®™ Premix Ex Tag™, L Fiial®
(10 umol/L)4% 0.5 pL, KEE#B4E/K 10.5 L, ik
DNA 1 pL (% 1-10 ng). JX N 7E iCycler iQ5

Thermocycler FHZIELI FFEFiZ1T: 94 °C 5 min;

95°C30s, 60°C40s, 72°C 1 min, 40 PMEH;

72 °C 10 min, EIHBARWEEE R C, EHifE, R
iCycler %fF:(Version 1.0.1384.0 CR)HATER ST .
F2HR 0.1 °C/s I FHRR R M 65 °C F+Z 95 °C 1 1/
filE B AT e, SrArbndEf &y s ReE, I
R 2 PEAR O R B

124 FEESAHBSHESEMERKRAME
ERRME ST TR 6 BArEP R R8s & A=
G, o g B, AHMES, TOWRBE; 1.
FAREAFERER, HAR®ER, SR EIORHEE; 2
. FHEBEE R, (F/NFARSREKR 174, i
WEIOA ;3 S FAURBER TR 174, H/NF
12, MRS ZE, BRER; 490 ERIRIER
FRKR) 172, (/NI 3/4, RIS GIA
Wis 5 P BAMRIARREAE, AR, i
HRAETC . AR A BRI TR 15 3 ISR A 34 BRMERR
13-4 G Amtark, Hrp @A R EARFIAR R
FWERIER, Bk kA2, Pudp
T B A iy ) IR TU A BB R . R FHEMR
ARAFHIBAR PR SR E PO T e B Rk
FRR, SR E—EEK LERLmnE, HA
KK B FK e TR AR 2, IO 2R 40
RBI R KL 1 em KHRE:, 35 FMRE I eLliE
B RRAGARE, PR FH R e o R LR T e
S HENIPRE 30 SARBLHRIEIRET 3 . #4E Duc
SECTWG Dk, 4 BE TR ARAR Y AL 3 B 43 G o
e, WEERSE, S “Mycocale” (i, THHH
FAE AM B YLIR DL TR AL R et B M % FIRE A
HRMMELERE A%, T RG0HE T E 80 °C 4t
PR EE SRR T E, SRR T,

IR AR AT A BRI T iz B 5L %, 3 2 mm
i b B S —3 o KT F F e otk o b, —38
SHRAF T80 °C, M TSIkl s A &
G HEERAR RS b s A S (LR AE
SARTCR 3 M) ) Frid 5 e A TR T A,
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5 5L I 7 (R B R R 22 7 R AR B 3 1 A LAk 2
RICE 25, b pHEHCOK LI 1:2.5) 4.66-5.52,
A HLITT (S PR A AL S 2 1% 8.74-16.41 g/kg,
T ACHE (0.5 mol/L NaHCO; 28U, 4H%h¥HT I )
98.54-386.60 ng/g. TIERARAIEA L, Kiki
1.37%57.66% . i K. 24.95% 69.87% Fl Vb ki
5.14%-51.36%. +3EHE i # FH FastDNA® SPIN 37
EARBOLEIENZH DNA, 28 1%l MR f vk i
W DNA F Bk, FH] Nanodrop® ND-1000 il &
HU BB, F-20 °C fRAEFFH

1.3 HIESH

A7 158 4 Microsoft Excel #4734 {E
FRUERITE IR, (5 SPSS it 414 (SPSS 16.0
for Windows, SPSS Inc, Chicago, USA)X} %k
T8t otr, o f AR R RN R S M R AR B S5 SR A
6125 rDNA B:[H 1GS J¥ 91 Fr Beds DB B2 R AR A=
PR HIECAT ¢ 4G5, i rDNA JE[] IGS 75
F B DU B i i X B (log) 1E S 40 A AL s EA 5 A
Kot
2 HR540H
2.1 HIHBMEEEWIMKARGE

RIS % CDL1b Fl CDU1 43 3% 4fi 5 35
Pk DNA FliR & HHERE 5D DNA #1579 8300y, 3K
BT R, X ZBZTI1S AY037554
X X B AT 99% AR o 7EIZ 7 A SERs 51T
15 =51 4% CDL2b #l CDU2, XF 4515 5% # fk DNA
R A LIRS DNA SRR S0yt kS
TH—MFH], E TSP S A
rDNA S IGS P9I e S5 1)

C. destructans ACCC36225 7£ PDA g3k 1A
AW 1A PR, 4 DNA 250, F5r5 1490
PCR ¢ 3 AN ¥ B0 UF 415 152 bp ) rDNA JE[H] 1GS
FEA R RS B AR A B (B 1B), i B AR i B
e B4R R R ORI 56 R AR AR N
3.13x10° #0 /UL &g SRR E A ek AR A B
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FIFTRE DNA, % 1071077 ZABRIERE 5 A T it
PCR §"3#, LA CAE IR, DAFGRRAE AR X
BEARAR, RIS & PCR AnifEZ (& 2B), HARX
FECH 0999, PHIRCER 90.0%, N AERE PCR
STFRUERE S TORE DNA 76 1071077 (R B F B
N EA TR ZRPESE 2R O 76 PCR 438 J5 001 TV ik il
LRO3HT, 45 SRR W% PCR N i R A 5 1) — 3
PR RE S 1S ) 7 A (] 2A)6

22 ZLEHEKEBEFETIEPETIHBENES
)

W IR FUR. DNA 208 10 %506 B B i1
10711077 ZRHUARAERE S AN DR 5 s 04 7
PCR ¥4, #RAFbRME 2R (& 2B) X R RE i op
() H bR 5L R4 DUECGHEA T30 55, 15 BRI A 5 b 5
A5 tDNA LR IGS ol F B v i, 4%
R =L A AR AR PR 1 R AE U %S 'DNA
LR IGS [ B DUk P i 2 e T B AR AR (R
2, P<0.05), KWkitk N 8.38x10%1.94x10" %
Dl/g T4, MRy 7.18x10°-1.02x10° #01/g
++.

23 Z=tEHEHKRFETIESAEBRESHEKEY
EHXR

filt M Ak M B R A A R T R AR
(P=0.06), HMHEMRALEY R EZES. —ER
Pt HESE A 5 rDNA JE R 1GS 41 H BL#% DL ik
JEASH R (log) IEASHE AL 5 5 1 150 FIAR 24 9 et
FRRASE T, SEFRANE 3 PR, PR A 1
2 tDNA JE[H 1GS J741 i Beds DU B 5 At kb 35
AW R i B TUAHDC O R (B 3A, P <0.05),
R MR 3504 P e B AR B - SR U S 'DNA
LR 1GS P41 Bes DAY BTG, (HSAR &AL
YIEM R A R E (& 3B, P=0.066).

24 ZLEHKRFRLERPHEIHEBRES AM E
HIREEENRKER

SLEREMEES AM BB REE N

21.86%+4.11%, .25 T AR WHEERY 11.01%+2.92%
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60 65 70 75 80 85 90 95 100
Temperature (°C)

PCR effciency (%)=90.0
R*=0.999
Slope=—-3.587

Threshold cycle
G

0 1 1 1 1 1 1
-8 -7 -6 -5 —4 -3 -2 -1 0
Log starting quantity (copy number)

2 FEE PCR HIERE £ (A)FIARME # 22 (B)
Figure 2 Melting curve (A) and standard curve (B) of quantitative PCR

T2 EMIRFRESIAERE rDNA £ F IGS F5I 5 R N

Table 2 Copy number of C. destructans rDNA gene IGS fragment

Rt 4 filt FREAE PR RIRAER
Sampling site Healthy plant (copies/g) Infected plant (copies/g)

1 7.18E+03 8.38E+04

2 7.50E+04 3.20E+06

3 2.61E+04 1.94E+06

4 1.02E+05 1.44E+07

5 4.90E+04 6.62E+06

6 2.83E+04 1.94E+07
¥{H Average 4.80E+04a 7.61E+06b
FrifEZE Standard deviation 1.44E+04 3.13E+06
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Figure 3 The correlation of rDNA IGS fragment copies of C. destructans in the rhizosphere of P. notoginseng with plant
shoot (A) and root (B) biomass

(P=0.015), HAEFERBRA RN B EHES

(0.4%15.62%) —-LARPR - 3EEIRAE 2 rDNA 3

IRl 1GS 2871 Fr Bt DL e P 28 5 B (log) IEAS AL R 5

AM H A RPFRE T Z I, PR 115
A

40

30+ .

201 *

WA 5 AR A7 Yok B 5 3 T R 4A,
P <0.05), HEARMIPR 1458 B DA Fl 25 i B30 Pt o A
HRAR G B (%) I e Tl TS5 M= B TG fn 25 A
KK ZR (K 4B, P=0.124),

y=—5.06x+44.38
R=0.37
P=0.037

Mycorrhizal colonization rate (%)

Logarithm number of C. destructans rDNA gene IGS copies

16 .

y=—2.07x+19.42
R=0.22
P=0.124

Arbuscule abundance (%)

3

L L] L ]
L]
8_ (]
A \\
1 .I 1 hd 1 [ ]
4 5 6 7

8

Logarithm number of C. destructans rDNA gene IGS copies

& 4

=HREEFHEE rDNA EFE IGS FIHENHSEREFBLEBEAUEMAFEEEB)HEXXER

Figure 4 The correlation of rDNA IGS fragment copies of C. destructans in the rhizosphere of P. notoginseng with
mycorrhizal colonization rate (A) and arbuscule abundance (B) in plant roots
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ABFFEHESL T —FhEE X =LA AR AR PR L
B P B 2 i L T BB R AR A S B AG
Jithe ORI TG ARt SR
MM, BARR TR AR 2R
F38b, AFEEAIEIIT T =-EHIRAR PR 1 SR
ARG SR AE YR DL AM HR R E
] YRR NR R

S RE S B AT A X R fR A2 X i
W2 D SRR A2 TR, g ARSI
(B 5T H BB PR ABIFTER T 4 7 Bt 43
Pk, e R RIS 2 AN FREAS R E A Y
VUM, Z52R s SO A RAR P - SR IR
flu%s rDNA L[N IGS J¥1 F By #5 DU B (o s T
PEERERIRR, 73 A%t =-CARARAR A N B IR A A it
AR RE i o ATt e B A AR R AR AR B A 0 5
FEGH RS0 8 5 o8 T R PR (A SR AR ), X5
2 DT A — L AR B B A R R A
SR, XWRE T AR R, B
fEE i — M2 IR, TR AT AL S R
girh, BB UL PR HL ™ A AN R R P A 4
w, HAREEZ AR ASP
STEME 5 . R, 7E= LR, R
B i e = A 7 e R AR B R T R R
UL AR BT, AR Tz R
5 =EHYB R A A R E A = TRA IR,
2 AR Y i DR g = e M R Y 0 AR L B2
AR

SR R A, P bR
TSt AL SR RERBER T, il Srpr R =k
R + 3 S A 55 rDNA S 1GS J7 41 5 BLi#5
UK/ QESSTiity S MM Bk et E JUIY PSS
M-SR EYRAC R AR A B . ST L AT
WO = CAR MR R O% A (R e SR T FE L E
Fetbon B B i, JFEad SRR R A S 1
Htn ERRIEIL . B TG ERZME S

ML XCEME T, Rk By SR
K. HH T R R R e T RETS SRR 386 &7
B2 AR IE , DRI AR 28 AR W X 3 (A o ]
B Hh R N AR EA . SRRl Aldea MYBF
FEln e BUAR Z8 Hh 42 2 vk 1) BB A S e R Y
He AR R TS R R R R Y I
DAY SR B G S . Pk, JF5 Rl
AU R FRENR . Johnson ZEBORIFSY KBRS | &A%
i I I 4 1 Candidatus liberibacter 12 J4 At #k
JE Y B B, AR AR TS |
KBRS, RS H AT R B AR AT RN
PRI RBRIEAH T .

AM  EL [ RE S5 4 K 2500 ki 2R R DR A
A, RHFHE SRR, K ArE kT, BRI A
SEFAEA DA BT E 20 = P AR A
Y, 5 AM H A S AR KR R BT
P AT A R R BE AM ELR (R YA
PIBER, AR R 13000 )5 L P S A AT B 1)
B R, KU AM BEATREIRE T = ExbR
JREEAHSTRE T . AM EC I SR A BRSO S5 1A 1Y)
MU FE A BTG . A BRI D e 2 250 35 A it
Z3ie, AT =L E LR M R

AR e D L A S R R AR A A
DU 7% 04 3 ST R 20 D R 800 el e DA % T 9 A
BT iR RS — A W SR
PO ECR BIE, TRABNFGE 2 R A Eow i 2 S5 6L
il A E LA O, R T A,
XL AR ARTE N A6 T 2 R &

2 % x Wk
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