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BE . &b A& & Ips subelongatus /* € & 'F % vt 4> Larix spp.#k, R TEXWEFFRAEER KL, #I AP
b Bl FAEY . Ko ek A A (ophiostomatoid fungi) 2 & RAF AR PR EZLRH, AP ERLFF L
EFREFERTHIBR PRI TELZHA, KR X ARARELOHMYBERY, EARKRK I, FARERA
B H A M RN R E A fe i LA F RSN, ARRERARS B SR LR L GER, 32
From RA BT Rk AT R RS BEA X R L (PCR)EN, AAKREZEBRATS)A B 457, st Endocomdwphom
J& Fo Ophiostoma & # 14 ANE %Ay, S A FE R TUMNBARAE EBARF ELHRF I I 45 FHA RO FHFF 0%
(SS-)PCR 3] 4 3+ OK1/0K2 #= CFU1/CFU2, 3|4 % OK1/OK2 T A MK O. olgensis T 45 F 1 3735 h 1 & 248 bp &9 F v
9l 5t &, 314 st CFUL/CFU2 5T wAK E. fujiensis ¥ 45 F 43 B 1 4 251 bp #9 3 wi o 52 4 o 12 A4 12 5] 4k
4 BB gm0 BB AL P AR 3 O. olgensis A= E. fujiensis, B 3 & 1 4 33
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Abstract: Ips subelongaius, a native bark beetle categorized as a dangerous forest pest in China having caused
huge losses to larch forests, and ophiostomatoid fungi, important plant pathogens with strong pathogenicity
which numerous studies have shown to be the main group of fungi associated with bark beetles, have played a
key role in the process of beetle damage, sometimes killing tree hosts. This study on specific and rapid detec-
tion of pathogens, a prerequisite for clarifying the distribution of diseases and assessing their hazards, was de-
signed to overcome the shortcomings of traditional tissue isolation, which normally influenced by a variety of
anthropological factors. Two pathogens Ophiostoma olgensis and Endoconidiophora fujiensis were specifically
detected by polymerase chain reaction (PCR). Internal transcribed spacer (ITS) sequences were used as a tar-
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get to design species specific (SS-) PCR primers through comparison of 14 sibling species from the genera En-
doconidiophora and Ophiostoma. Results showed that two pairs of primers (OK1/0K2 and CFU1/CFU2), which
could amplify specific sequences from the fungal flora and host tissues, were screened out. Primer pairs OK1/
OK2 and CFU1/CFU2 specifically amplified a clear and bright band of 248 bp from O. olgensis and 251 bp
from E. fujiensis. Thus, O. olgensis and E. fujiensis were detected by the SS-PCR from phloem tissues in which
the two fungi had been previously isolated. [Ch, 3 fig. 1 tab. 33 ref.]
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rapid detection

7% MRS NV /INEE Ips subelongatus 25 7R A6 LA WA Larix spp. i @EFFRFI Y SRMAE S R G TE R
2R AR SHURN, B E ML SR A F A . ERMAESRG T, DECR S TR
FOE AR, XMCREMBE BB T 5 B4t 4 . Kk7 2 5 (ophiostomatoid fungi) by /)N gk 1A
EEEEERFES, 2R T NEREFFEEESFUF TSR, KgedmE R ¢
HEAET, SRR B E R B MRARRY), BA BN T . W Endoconidiophora polonica 7.\
TALZRN AT AT LUK 40 4EA: B 42 Picea abies BAE™, T HAEA: B 19 4R YL ik ol DLBG I /NaE iy fa S ik
AR, AN RS N NG B AE LA — LE RS RRE O, E AR XA WS E MRS K
BN B RIT Z R0 R NG N EE AR K R TS LB RN 2 L B A1 I R B AR D S R
Ophiostoma olgensis Fl Endoconidiophora fujiensis 55 2 M3 F L H B FH SR, X 2 Fh B A LILE
P K FR AL BUZ TP BT AR FEBE S iz 8 R A e, — MARMER R B A2IE . N T ik %
HIRBRIRYT I E I, B 00 A I PP G E 7 S50 BN D TR A PR R A DU, DA T A
TN HCE PR S B R A R A . PR DU EOR & 2z 0 T AR S RN A, angR L g
FLI . RS Carpomya vesuviana FIANBEAFEN 6 AS [R) 0B RS 0 i B O vk AR TR] e 551 90 3R A il
52 (PCR) RN 75 2 0 B v 5 M 5 1 W ok 52 BT R 4 H As B9 5 S A I, [ A 2 A — S K 55T HL A
Fofr 28 ) FHAZ 7 125 592 B ARG W00 F 41 0, ARGE v [ b 7 9 WA P PN 3 A 6 9 i AT 1 PR SR T — PR S
G By UL R AT F R E Mk, Rz N ARSI 2R, DA Jat B ) AR R R A S 5
TEAEAS BB X g It T S B R0 B9 o 250 L e DU 27 2 2H 21 b SR B DNA R 479 5t I 1) 5 S A,
A TG 5% A B A R 1) ) A

LA G

1.1 KIE#H#

LL1 X3tk B Rk 08 A EJIT Y 2SZ % AL Larix gmeling, [ EFEMAL L. olgensis, 4L
V&S L. principis-rupprechtii Al H A& 4 L. kaempfert MR & M N /NG E A B, B35 Endo-
conidiophora fujiensis 55, 4345 T RN %A L. decidua FR N B VTS AP RN 75 A /K /NaE Ips cembrae Fl
BRI 2 42 Picea abies #k N )T G T 5 A2 )\ i /NEE Ips typographus f# A K ST HE M, L 4E Endo-
conidiophora laricicola %5, VL M HM K 7 B R IT R, W08 B 104 . W 7L AP B 28 L Bursaphe-
lenchus xylophilus fFA K BFe HE , WHARTEAGER LR 1, BRa&E AP EMRKETSREREI, HAREKE
W 18 A 2% 75 8 S AR OREC R0 (CBS) 5SS B AR AR AR AR ) HOR TR DR 0 (CMW) , fin &
R 5% L TR s A R T ol O 6 o0 (DAOM) Bl H ARSI R 2= A L 5 7 . A SRR i =
(YCC) o B B PR OR A7 v MO B} 22 BF 53 B B 40 DR A7 o 0 (CFCC) 5 2R MR AR S R B8 5 R 47 WF 52 BT AR AR
o LS B 3 (CXY) 6

.12 &ML 5K PCR L (Biometra, {#[F ), Mixer/Mill 8000 5 fE = Bk & #L (SPEX CertiPrep, 3%
), DYY-4 RUFS Ao g r vk A (b3 /s — A48 ), 918 ), Alpha imager EP % {5 & 4t (ProteinSim-
ple, E), RKMWRMEYIEF A DNA FREGLH & (B0, BERYE .

12 LWHE

12,1 #AR%E  (EdLTr 3 Pk m AR RN BEA TV RS /DN RE VAR FEAR S HTTEH S REA TR E, B
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Table 1 ~ Ophiostoma and Endoconidiophora species used for developing species-specific sequences primers

4 TR i A FHP/MEE R R K& ITS J7 )% s 5
Endoconidiophora fujiensis CBS100208* A 95 Py /75 b G /N 3 BN AY233948
CMW1952 F S 95 R 98 s A5 /N H A AY233924
CXY1506* P AU NE I RV VAN RNy PE S KC762578
CXY1515% Rih |l R VNEE AU VAN SRANY - hE NS KC762574
CXY1520% K R RS N N ER I BT KC762582
E. laricicola CBS100207* el AL NI AL VAN SN -4 piN = AY233910
CBS109260%  PH 9% /R 746 1 40 A i /N B B3l ) AY233918
CMW4522 WU 5 e A KU s A N /N B DN i AY233908
E. polonica CBS133.38* S Py APy ALY -1 W= AY233898
CBS109263* W A2 242 )\ /)N i B3 ) AY233904
CMW2284 H AR 18§ 75 12 Picea jezoensis |z ¥2 )\ W /)N 4 EEN AY233894
Ophiostoma abietinum CBS125.89 A2 Abies fabri/ V-1 /Nak Pseudohylesinus swain 575 &} AF484453
CXY1555% K EE R RS N N ER i SR T KY593322
0. bicolor CBS492.77%* H = 2 Picea glaucal A = 215 /INak Ips perturbaitts 52 DQ268604
0. cf. bicolor CXY1524* Ay A 7 A\ /N I N 5 KY593321
0. brunneo-ciliatum CXY1416* DALV RN IS A N S i E N S KY593323
CMW5214 SR Larix sp. i 2 HMO31501
0. deltoideosporum CXY1624* AR Pinus thunbergii/ ¥ b £k A 9% o E L AR KY094069
0. floccosum CMW 12622 FR YN IR Pinus sylvestris HA b | FJ430472
CXY1412% PP RALE RS A\ U /N E NS KY593320
0. ips CMW9005 FR YN TRAS RS 75 15 /N8 Ips acuminatus it L AY546698
CXY1628%* PEPNTRA KA 2R HE AR KY593324
0. kryptum DAOM 229705%  BRUH & PR/ W v i 0\ 147 /)N i B4 3l ) AY304426
0. minus CMW26254 218 K/Nak Dendroctonus valens i EU785442
YCC658 H S 95 R/ 75 s A5 /N H A GU134172
0. novo-ulmi CMW1461 HL[E M Ulmus procera EH FJ430476
0. olgensis CXY1406%* P - N /N AU AN SWANY -4 EREINE KU551301
CXY1411%* NS RN IRV VAN o B e T KU551304
0. cf. olgensis CXY1642% I RN R 2R B Hh [ WL KY094074
0. piceae CMW 3099 = 2 Picea sp. 2PN FJ430484

VLA . % FORRR S PCR A A FH A7 o

BRSO ORAE T KA 1.5 mL B BLOAE N, SUERA DR T T b ARG RN, B RE KR . SRR
(] 552 56 25 YT FUT A9 73 25 F DNA #9521

122 AdHBARER MHAEENDERTHELN Y, A IR SUEESRA YK S mm x 5 mm K/
A ZIE, AR 3 RO 1.5% 0 SRR NI WA T R #4031 50 s, ) JHJC UK sk 4o R ek +
Vi P TE TR IS AR b, TR K 23 W T 5 He fb BT i 3 B0k 2% WK B ig 15 37k |, K B SR LS 1
Ja BT 25 CAEIR B IR AR MG B 78 o B59% 4 d )5 PRI 7% A1 o 19 1 22 SRR AT 0 B aliAk, R ik S Y LT
P AR B 72 B0 2% MEA BE 3R (G2 2R R0B 10 g, Biligky 10 g, JnZE MK ECH] 500 mL) BEATRE IR . Jk
FIEA2FH DNA R B R G0 K% T 0 %€ Ophiostoma olgensis #1 Eudoconidiophora fujiensis™*",

123 DNA 423 MG ZZ B AN B LB 412V A 42 B0 DNA . B 22 e DNA 423 15 5 1 JC 1] £ Fi g9k
Bl R 224020, BE2ZYUA 1.5 mL B B0, BUE-20 CORFEH & R, RITAE R RAR 2wl A ) 5k
P2 DNA 2 3070 & HE 77 19 07 ok 32 0 DNA . 78 7390 73 1 209 LR O. olgensis Fl E. fujiensis {42 1)
BB AUREA PR IBUE DNA, J73E T B A DI AL 4 mm x 4 mm K/PRIALZUR, A 1.5 mL §EL
B, CE-20 CkF P R 1, SRS 8 HOCTE m BE L BRIB DL T 7 min, AYF 2D 3R 5 14 22 2 41
DNA $2 7 kAR o
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1.2.4 314pi%# & PCR ¥ 3 &4 43 3ILL Ophiostoma olgensis F1 Eudoconidiophora fujiensis §J 1TS 51 K
HFR 75052, ji i Blast 755 PR (GenBank ) R 52 kG X REOLMEFC LRI ITS ¥ 5 (£ 1),
F MAFFT FEZ AT 74 O 2 o 1%k B bR 3R 8 48 5K 7 91 XN T8t 519, Z 05 50X 51 90 2 &5 17
T8 JE 2540 A — SR AR S5 JT Primer Premier 5.0 #4762 o B BT 47 19 51 9 )7 S 7E GenBank 46 £ )y 41
FIRTE . E1XF 0. olgensis Beit 519y 15 %), &b E. fujiensis Bit519) 10 X, 350565 H bR & M 4E 5 579
DNA AT 458 S, P RE A BE I A A DA I, 3 ek L8 97 38 2 1) 9 8 R DR/ BEAT 0 3, 4% 3R A
Femenl ) 1XF, HT BREZF2F F4H2 DNA 9 1. 519 dde st < 8l A R A IR A Fl5 . PCR
PG NARZ W . 100 mmol - L™ 484k4H , 2xTag PCR MasterMix [500 pmol - L™ = 7 Ji% 5 it Ji 480 A% 1 1R
(ANTP), 0.1 U(1 U=16.67 nkat)Taq B4, 3 mmol L' 2 L5, 20 mmol - L™ = 3% H 5L 40 5 B A £h iR 26
(Tris-HC1, pH 8.3)]12.5 pL, XZ&/K 9.5 pL, AR 1.0 wL, 5% (HE 1 wmol <L) 4% 1.0 pL, %% O.
olgensis F1 O. kryptum B K 518 94 °C 3 min; 94 °C 1 min, 63 C 45 s, 72 °C 1 min, fF# 35 ¥&; 72
°C 4 min, 4% E. fujiensis (1 258 94 °C 3 min; 94 °C Imin, 64 °C 45 s, 72 °C 1 min, fF¥ 35
W 72 °C 4 min, PCR 9457 ¥y F BRAS AR BE I (2.2% ) #EAT HL Pk ARG (130 V, 60 min), JAFEHLIK IR A-, W
GG Al 10 BT REFI RN

2 HR 54

2.1 S|¥ERERN

it Ve KA EL 3T O. olgensis F LRI 519 1 % . OK1(5'-CTCGAACCTTTTTTTTAAACCGT-3") Fil
OK2 (5" -GCCAGCGCACCCAGAA-GGTTGCGC-3" ) . %f 0. olgensis F1 M\ 7% 0 #8 Nk /N gk b B 21
Ophiostoma J& H. 1 M 5 Z 36 % K R B B HA K G 5e R B | — i i4T PCR 978, X34 )5 19 7= Wy kA7
B NEWEBE R LUK 20 B, G5 RS T 0. olgensis 1 O. kryptum W EAE 248 bp A — 4575 Wi B =5 19 &%
A, A B R A AT AT A5 (8 1) o

i Ve ARAFEL X E. fujiensis ¥ SEPER G519 1 % EFU1(5'-CTAGAGAATTTATTTTCATTGCTGA-3")
1 EFU2 (5'-GCAAAGATATGC-GGGTCCT-3") , Xf E. fujiensis F1 M\ 3% #5045 /N8 I 43 85 2 ) Ophios-
toma J& BLTE M 5 Z 355 K R BGE 1 H AW Endoconidiophora J& B — 247 PCR 473, XJ 414 J5 19 7 4 i
B Ne M BENS VK 22 B o BR T E. fujiensis WTRARTE 251 bp AbA 1 451 M Wl 52 19 250780 1, Al T pk 25 TC
A 25717 (1 2)
2.2 BRI EBAE A AR IR R

PEBUBEYY 0. olgensis ETH W) BT LUFEAR DNA, A O. olgensis F1 O. kryptum 415359 DNA %}
i, Y514 OK1/0K2 #47 PCR ¢~ M I 2 3 4 5 6 7 8 9 10 11 12
W, XPYTEGFE B ) BEAT B0 B A
UK, BRI 1 4% 248 bp K/ & (K]
3A) ., {H) K #R440 DNA (19 PCR 79 4%
i 5 0. olgensis F1 O. kryptum 26355 3249 300 bp
DNA i) PCR §" 5§ WM L, 4500 NS
Mo b T AR A, LA g R4l 1000P
ZUPCR 47 8877 W) B, JEAT 56 2 K 1. Ophiostoma olgensis CXY1406; 2. O. olgensis CXY 1411;
PCR R, JBLZ&AEH 94 C 3 ming 94 3 0 kryprum DAOM 229705: 4. O. cf. olgensis CXY 1642;
C 1 min, 68°C45s, 72 °C 1 min, 1  5.0. abietinum CXY1555;6. O. bicolor CBS492.77;
35 W ; 72 C 4 min, 250G A 5L I H Uk 7. 0. cf. bicolor CXY1524;8. O. brunneo-ciliatum CXY 1416;

A o v v osde 9. 0. deltoideosporum CXY1624; 10. O. floccosum CXY 1412;
Rl EdI RSEA R b — FE T B

& 15 " %j? R — R d 11. 0. ips CXY1628; 12. Endoconidiophora fujiensis CXY 1506
248 bp K/ %41 (I8 3B) .

SLIUBOL . fujiensis 218 10 K 3 A1 47 M5 &0 Ophiostoma olgensis A= F 4t K% e A &

HLFEA DNA, LU E. fujiensis 25 55 35 4) . 1%A " %%l@*@ﬁ - b .
' < JeX P N p T t‘. ~t i RTeo
DNA Bzl %f 08, FAG S5 gy BFUL, 0 DR e 0 amplicons  obtained with the specific

primers of Ophiostoma olgensis
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EFU2 #E47 PCR 738, X439 5 097 9y A7 Bl B eI L UKk 23 B o 91 BORR L 8UREAS DNA (9 PCR 7915
E. fujiensis 2i55 57 DNA 1 PCR 7= ¥4 251 bp Ab#RAT 1 25 B35 B i) 27 (181 3C) ¢

3 Ak Gt

ENOETR DO AU N VAN ST -
e P R A e R O, ol-
gensis F E. fujiensis, 4357 % &
2 Xt K 514 OK1/0K2 Fil EFUL/
EFU2, BEE 52 B A A T X &
At A W 5 28 L T T 2% b b 4
PEARG I 23X 2 AR, I HAG R
T AT 2 2H 2 ke DR T R AT
FER, S X 2 o L TR
o P R R A T AR A

0. olgensis & W [H % L & M
) — R, 5 0. kryptum 1
RGRR T oL, X2 k%
Fhi) ITS — % 25y 22 57t (LU AE )7 3]
P, T RERS 5 A T2
KBSEREHE X Ir, A5k
B % 5 M PCR 514 (OK1/0K2)
L HCITS Jy 51 v ] X B i i
Ky, BTCEE X g3k 2 A
0. kryptum J2 WM 3 18 /% 7
BEPE A O R A R, H TR
BRI E A, B, &5
A DUTE Hh T 9 R bR N 2 BER 0.
olgensis WRF S PERT I . (H B T KK
A il F — A 1 A R i S R Y
Iz oA, 0. kryptum £ £ AR
A e B, R — 20 TAE
AT 5 BE T X 233X 2 A 3 AL AT
Fi Sk 1 B A I o XL 4G
HATEN 4 > Hi XK [R 75 19 E.
Sujiensis EIRRIEAT 7RG, HRT{G
PR VY, RUIHTTER E.
Sujiensis {160 B A 5 3 8 HIE
E. fujiensis & V& i #s )\ V5 /N kB
AR TR X AR TR St R R BORS ) I
SER ) DT T, R S B A S
PR AG I K Sy ) R B YR R R A

300 bp

100 bp

Figure 3

M 1 2 3 4 5 6 7 8 9 10 11 12

300 bp

100 bp

1~4. 3k A AR %5 3 M Endoconidiophora fujiensis CXY 1506,
CXY1515,CXY1520,CBS100208;

5. E.laricicola CBS100207; 6. E. polonica CBS133.38;

7. Ophiostoma olgensis CXY 1406; 8. O. bicolor CBS492.77,;

9. O.cf. bicolor CXY1524; 10. O. brunneo-ciliatum CXY1416;

11. O. abietinum CXY1555;12. O. floccosum CXY 1412

B2 4 FH3 A Endoconidiophora fujiensis A= B 4t K % 7t A
T 46 3% I 4 0 Ak 1

Figure 2 Agarose gel images of PCR amplicons obtained with specific primers of
Endoconidiophora fujiensis
M 12 3 4 56 M 1 2 3 4 M 1 2 3

A 13, B J S AL R FE A 4. Ophiostoma olgensis CXY 1406;
5.0. olgensis CXY1411; 6. O. kryptum DAOM 229705
B: 1~2. B B B AL U A 3. 0. olgensis CXY 1411,
4. 0. kryptum DAOM 229705
C: 1~2. B B ) 341 2U6F K; 3. Endoconidiophora fujiensis CXY 1506

B3 4FF M5 LB EINALF RN Ophiostoma

olgensis, O. kryptum #= Endoconidiophora fujiensis 99 % i B %
Agarose gel images of PCR amplicons obtained with specific primers for
Ophiostoma  olgensis, 0. kryptum and Endoconidiophora fujiensis from

infectious phloem tissues

96 5 A 8RS R e S AR~ A A0

UTJLAF, MR 2 18 1 A ) 2 DROARS T 1 A Bl iz 300 T R e e R B A I 2 e, dn ek
PCR U7k, Si&)2Hrik, B0 ARG 1 (LAMP)SORR I 2: 45252 45 5k PCR AN 7 I M T4 48
AR T E AW SRS 7 91 738 5 5 i i XS (SCAR-PCR) 18 7732 AF Al F Ao 2 PR A
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TR £, R FABE 2k U ARG HE ) 5205 100%, RN TIB 2527 g i AN 215 R AL SE 8 miDNA 9 COl
LA Be e it O 0 ot 1 A Re S v | 9 9 SS-PCR J5 i, S BT X AN [) i 28 740 52 g ) A S e DR A
T B 7 A2y 91 - SR i i 5B (SS-PCR) H AR o RE RS 4 TH G U BT i Liriomgza sativae 1158 %E 55 45 2% %
FOMERBYE"™ . HETE b2y 7 M g Fe R A T 756 T PCR AR SRR I 20 T Rigek i
B RO KOS R E GG E A ERREIRE, A B — 2P T [ P A T K e i i R A
TBTSE o ABFFEAO B 27 FALUT I 7 I B, T — o Bl i . N Rl 45 05 A Ak
) Fs RO A 2 AR E PP A 1Y R B

4
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