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1 1. % S W 1 ) 2 3 = NEER
HEH, S AN FE AR, R R REMR
1 EFE MOl R AR AR 2 S S s b E MO B2 B 5T B AR AR S R 5 R P B 5T r , JL st 100091
2 NS RIETT SEAT ST 2k, 0% 025350

FEE /)AL B K570 26 BT ( Ophiostomatoid fungi ) 75 F A8 A i AR E MR AR C R SR AR 5 R G0N — P di 14 2 25 2 91
%, CABRERIIBOE KRG /NEE (Ips) R BVS 2R KGFERERE U Z A R K i or B R d 2 A £ R
JEEE B {5 BT DNA {5 BRI RGER E 0T, 878 HIESRHE FSE LR T8 i 3 ik /e s B e, = A2\ /NaE
(L typographus) ,BRUNF A8 /N5 /NGE (L. cembrae ) FINE I # A8 )\ 15 /NEE (1. subelongatus) B xE N [FRNZ J5 , AHR M5 Z A2 2
P R LIS B Ceratocystis polonica WL H i 25— AFHE /R Ry 3 ARG AR, 4 F145 3 F/INGE SRR E fF 2, 1 WU 11 11 ol
PR C R . /AR HU ECTA RN RE SR A A SR A TR — AR AR AE S RGN R AE W D R B A5 R A IR AR L
i DX P R G/ NEE AR BUEARAS AR F R PR SR AR 40 B RN A B 2E TR AR SRR SR, LUK BE T ITS | B-tubulin ,MAT- 2
HMG box ZAi s DNA JEHII R G K B30T, KB E T K EFCEL A Ceratocystis fujiensis TEF AR A6 iy DX 53805311 19 3 F i it
FABR A3 A7 LE , 5578 R NG /NEETE USR8 I RRAE DGR o VRSN b/t /NEE AR AR Y F2 2 B R AR T X R TP i
BRSO ) BRI IRDE , C. fujiensis 1T B F AR A TARM 32 430 (A5 55 B F A, B 0 1 2 BT TR IR R A 75 5 1A A0K
W B (R, 22 Bl . WP A R — 0 S T A/ NEE R R B S K ST BT R A R R S R A AR R, R, 22 BE R A1 AR
RUPTEHAN\K/INGE S C. fujiensis TEIVYHIE FE A A ) by BERDRY A7 AE A I 3 1035245 2RI, TR R0 S 1k A AR TEAS [R) BR8] 4
AT RE, W] LA AR S A AR IR R/ INRT SR - LB ) e A 5 R R AR AL R AT AR R

REBEIR LI E A\ /NER s Ceratocystis fujiensis; REEATH 5 TEMAL 5 IR
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Abstract: The bark-beetles and ophiostomatoid fungi formed a stable association relationship in nature. It is a universal
ecology phenomenon occurring frequently in forest ecological systems. The association between the beetles and fungi are
regarded to some extent as a symbiosis in a broad sense. They have been extensively and intensively documented and
illustrated from all over the world since it was first realized. Some research showed that Ips beetles spread over Eurasia were
extensively associated with a number of ophiostomatoid fungi species. Among which, some species are important pathogens
of conifers. Although the morphology and ecology characteristics of three Ips beetles, I typographus, I. cembrae, and I

subelongatus were almost identical, these beetles were evidenced in a series studies as distinct species based on the
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phylogenetic analysis of DNA information and critical morphological comparison. In parallel, an ophiostomatoid fungus,
Ceratocystis polonica previously recognized as a closely associated fungus with these beetles was also separated into three
distinct entities resided in the Ceratocystis coerulescens species complex, and stably associated with three kinds of bark
beetles, respectively, where a species specific association between bark beetles and ophiostomatoid fungi was established.
The species specific association was understood as a result of co-evolution in forests where both partners lived together in a
common habitat. The samples collected in this study from three allopatric Larix hosts which Ips subelongatus attacked
seriously. The ophiostomatoid strains were isolated from the body surface of Ips subelongatus, blue-stain tissue or the
galleries bark-beetles attacked. Observations of the colony, physiology and morphology characteristic, and comparisons of
anamorph and teleomorph structures of all Ceratocystis strains, confirmed that the strains are indistinguishable from
Ceratocystis fujiensis M.J. Wingf. The phylogenetic analysis based on sequences derived from the ITS regions of the rDNA
operon, the partial B-tubulin gene and the MAT-2 HMG box gene, further determined a total of nineteen fungal strains as
species Ceratocystis fujiensis. The study first determined Ceratocystis fujiensis extensively existed in three allopatric larch
forests in northeast and north China, which formed a stable association relationship with Ips subelongatus under such
ecological conditions. Ceratocystis fujiensis was proved as a dominant fungus associated with Ips subelongatus in Japan, and a
pioneer species and the strongest pathogenic fungus in all the bark-beetles associated fungi. Because C. fujiensis widely
infesting Larix spp. plants in China, inevitably, this phenomenon should be paid high attention. The study provides
scientific basis to make the policies and measures for the government to prevent and control the composite damages of
diseases and pests effectively. The result in this paper provides support to the hypothesis of species specific association
between Ips beetles and ophiostomatoid fungi. Meanwhile, the multi-gene sequences characteristic indicates that I.
subelongatus and C. figiensis exist significant genetic diversity in different geographic populations, which probably predict
the possibility of the species specific association occurred under species levels. The associations between Ips beetles and
ophiostomatoid fungi exhibit an ideal insight into completely understanding the symbiotic relationship between the bark

beetles and ophiostomatoid fungi, and species specific association as well.
Key Words: Ips subelongatus; Ceratocystis fujiensis; phylogeny; Larix spp.; pathogen

TEANJE ALY ( Larix spp. ) VE V&S N5 /NEE (Ips subeolongatus ) B 32825 3, JE i A4E = 77 A MR
AR E R R FEFRE 2 A0 . SR, VR AR SR K 1 A I A Y ) A3 AT R R B ARy 7
INAK /NG (0 S P RV R S BRI T 4% BT B, 9 P/ g /N 7 T ] )t B0 A v AR RS
FERACFAE A 5T 38053 A 1) 24 22 JE I HS (L. gmelini) K F A (L. olgensis ) FIAEILTE M5 (L. prineipis-
rupprechuii) '

P AN A/ NaE AR g U T A e A, BRI MR, S A I Tl A T A R B 5 R 1Y
TESEAR 2 F 1 B 94 A N TR B A BB B 4 g A MO S R Ve B AR 4 42 30 (B KAk
MR 2013 4FEF 4 5005 ) 1 [ A 2 R i A ) O B 4140 (EPPO) Tl 44 5 A2 (http ://www. eppo.
org/ QUARANTINE/listA2.htm ) HL i F

/N U BT Z B PR A R B AE S RGN — i (1 28 4 R A W K R AR 25 2R . f#2E
B, JUHIE K BR5E S TE (ophiostomatoid fungi ) 765 B BUB U™ SCERIEA KDY B 252 M0 L s Rh R
ST MR SE AR AF B B EA A AR AR AR VR T ok B R I A T . KGER
HE T B B (Microascales ) 552 & ( Ceratocystis ) 7 W7t J& ( Sphaeronaemella)  Gondwanamyces J&
F1 Cornuvesica J& , VL J ¢ 11572 H ( Ophiostomatales ) F It 152 J& ( Ophiostoma) | Grosmannia J& F14U K Wk 52 J&
( Ceratocystiopsis ) , LA KXot 7 T3k S 45 P R A Z Fpoe vk )

H Hartig 1WA BLE 5/ ARG DoK' | — 3% Z A U Rl AL 56 2245 81 1 BORE 2 (5T 41
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BRI UESS . /Nak OB TE % H B AL TR 1R A 18 AR T ORS00 S AR R IR 2 | H b/ Nag R
JE BT 5 (mycangium ) JE X FPEAG IR J) BTESE

Wi/NEEJE H RTRLAE 2 36 AFh, 280 A8 TALLEBRIGE APy o 13 AR A T RO KRE . B3
2R T AU 3 Rk Na , A2 ki /INa (Ips typographus ) JKINTE A )\ ki /NG (1. cembrae ) FIAEPH
PN Nk /NG (1. subelongatus ) VE RO KRB EF AR N TR 518 T REHE M GE . =42 /\k /N FERR
PHBES J fie 3 e Ay A T R B R 2 it B R IS =42\t /NG B L H AR SR (1 eypographus f.
Jjaponicus ) FAHEAE IR S LR 204 30 Fh, HirJE slifse fEA: C R 1 22 Ceratocystis polonica (Siem.) C.
Moreau, 2 A B X 2 W B Se B Fh AR A 78 BRI R Y2 37 32 10 e il 3 3 25 2 B =i o Ceratocystis polonica J&— i
Bom b R HBoR TR R T E e

FERRI B AT & BE 11 FhK M58 BT 5 RO VR AR N /N B AR AT 5 s SO MR TR C
laricicola T& WURSE M FEA G FR . AASHAR IR TT J& T V& A\ /NEE AR s o ) B B i 5 12 K
Wk LA RS A 0 R R A Ry X PR/ INEE U [ 1T ELAR AT 505 C. laricicola R EMEA (R
BEJ5 18 B DNA FP3h TR R G L B 0 5esam 1% B AE B 20 8 WA A e Fi, 78 H A 530000 7% A\
W/ N R FEE L E N Ceratocystis fujiensis[m A C. laricicola

AR 3 N NEDE S AR, 5 RIS, 3 Rl EE H & A RS E B EAE TR C. polonica | C. laricicola
M C. fujiensis ZIAPJERS FARJLT-Tork X AT Z I F 5 00 09 RGER B A iE W i R A TE TR
ol i LA AT DAGE e 25 A A B ORI B X ) A AR AE AT X 43 RI/INGE, 5 A B 7R K
[FIFEA R e o 0/t 5 R b ) L TR AR S 1Y R S P A A2 G B AR DL ( species-specific

association of fungi with bark beetles) (24-26]

T LA R i AN\ i/ VR PR AR T —Se R LA ARG > (B RGerE . ARSI X 3
SI AT )V I RABRIA DR /NG P A TR A T R GT R A M3 A, ST R IE b B e S R AR BGSE , LA AR E
2R AR G T D R 1 FE AR AR 25 R GE PP 20 A Y L, D AR U AT R R BRI A dE

1 #R57FE

1.1 ACRSE

T 2011—2012 4%, 53 5IAE P9 50t BT SR e AR AT, 025,940, a0 s BRI VT A8 T, B s A AR 1, 3 TP P 4%
b DX BERE DL TE A A T AR AL T AR HE AT AR A R B . AR AL A& T it b\ U /R U AR A 5 40 1
A,
1.2 HRES Bk

K AL BT AR R B, B YTEARAR YT 3 mmx3 mm K/ LU F 1.5% M AR N7
W (45 100 mL 7 1 G0 20) #EAT R E I FEACPE 1 min, TR TCR K Mk 3 Uk, JCR B4R T4 48 ik
ST 2% WM TC /K B R BE FAE EAT HE r BEE AR . FI 1.5% A& IR MV VRO % A A\ R /NRE A T
IR EE 30 s, JHICH I - BB T 2% KB IE R 35 38 F kA7 R R i B 0 8

SR TR 22 Je st ali AL X 21 2153 B 5 35 0 B E A T 2l Ak, Sk S5 A5 B B 2T 2% MEA 35 573E & F 25
CHEERFRF T, B A TR,
1.3 WHRIEEY

B3 B AL B Y B ARTE 2% MEA R385 1535 20 d, B RIS ZIER KB M, K oo fiors
Qs (A e 2o T T Gl APV 8 7 SR 3l i M 21wl a1 3 L1 0 10| 20X & (1 7 W B
WA, H—IESEREN & 50 AEHE T T Ab B,
1.4 PRRRAE KR

FHEAZ N 5 mm TR FTFLES AE 29 MEA 5537 3% EREEA: K A9 20 bk 2000 R DF, & AR R B 9%
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By r B TR e, B DR A B 22— TR S R B e, B BRI 3 D EE A, 25 °C RIS R E IR
BR R R R IS R Ve A= KA B, SR 738 SUVR I o TRV AR
1.5 DNA #£H

XAl fb AR B R R 2% K PDA B35 3L 8 T 25 CHEIR FEERGE 9% 7 A, ShBGE 2 T4 B, ik
PR IR TR 22 RIS W S , T 22 48T, %5 F . DNA $2BCR ] CTAB 5 HIHE 9 56 K1 2H DNA 42 B ) & i 17
FEU
1.6 PCR § 1%

IR 25 WL 19 PCR AR ZR AR 1, ¥ JE 1 wmol/L (954145 1 wL,2xTaq PCR MasterMix (0.1 U
Taq Polymerase/ L, 500 pmol/L dNTP each, 20 mmol/L Tris-HCL ( pH8.3), 100 mmol/L KCIl, 3 mmol/L
MgCl,)12.5 pL, 9.5 pL ddH,0, [ DNA JEH R Bepgd 38 4040 L i o1 an sk 1 fis'™ , PCR =¥k A
2.2% B BEWH BRI F UK AL | 26 B — YR BT (49326 1 A o 52 008 AR R A BR 2 A T8 i

R1 ERYHEEAESIM.SIMFIIRTBREFRITR

Table 1 The information about the Primers and the PCR conditions

75 Gene 514 Primers 54173 Primer sequences P4 442k PCR amplification conditions
ITS ITS1 5" TCCGTAGGTGAACCTGCGG 3' 94 °C 3 min, 94 C 1 min,55 C 45 s
ITS4 5" TCCTCCGCTTATTGATATGC 3’ 72 °C 1 min, f§¥F 35 %;72 °C 4 min
B-tubulin Btl-a 5" TTCCCCCGTCTCCACTTCTTCATG 3' 95 C 5 min, 9% C 305,58 C 50 s
Btl-b 5" GACGAGATCGTTCATGTTGAACTC 3’ 72 °C 2 min, {3 40 ¥ ;72 °C 5 min
MAT-2 HMG box gene COER2-1 5" GACACCAAGACGTCAAAGCC 3’ 95 C 5 min,94 C 305,58 C 50 s
COER2-2 5" GCTTTTCTTGTAAGTTTCAGC 3’ 72 °C 2 min, G 40 ;72 °C 5 min

1.7 RBEKE G

IRRAT B SE R 3 B e e S PR (GenBank ) N BLAST #E47 48 &R HL X, 3R15 5 & HUF 510125 19 A
Kotk , N EE T K RITH, 3% R A L5 345 19 19 Bk 3R B9 4% 1 182 15 910 F A ClustalX 2.0 #4775 91 L XS
(Ahgnment) o LR HEXF S8 I e 91 R HH R T 24975 (PAUP Xversion 4.0b10) LK DU 77 125 ( MrBayers3.1.2)
WATRBERB T, B REREW ., VI RSk F R R R MCMC 5345, 217 5000000 1Y, #5250 /)
EFER T MrModeltest2.3 A HEATRIN , SR PAUP #4451 ITS, B-tubulin LA MAT-2 HMG box — Bt H:H i
FrIRl BRPEAG B0, J 0T = BEIE D5 1] LU A B S N R A4, B Ceratocystis polonica YE R ANEE™ 5256 FF
KRR S R 450 % B RIS 275 RS Bk 2 s,

R2 UM Ceratocystis BEMEMERZLENSEHKERR

Table 2 Fungal isolates obtained from different hosts Ips subelongatus infested and isolates of known species included for reference purposes

Hyp WA Ho e ran  EI T Genbank o *W ;
Species identit )/ L Plant/ Insect Origin }b Collector isolation I1S B-tubulin HMG i)ox
iim :ﬁfb CXY1505 ifj fnsl'uj% ?i‘ﬂzi:;ji/ L S 011 KCI62579  KFT73013  KJ634488
fujiensis CXY1506 LALTENR/ TN R\ i/ NEE PR AT PS4 2011 KC762578 — —

Larix gmelini/Ips subelongatus

WLAEI RN /T YN T S )\
CXY1507 RIS LRI\ Ept) A3 2011 KC762577  KF773015  KJ634489

Larix gmelini/Ips subelongatus

S A DN -
Cxyisos ORI LR EL At /M P AT A3 2011 KC762576  KF773014  KJ634490

Larix gmelini/Ips subelongatus

WYKL QA 7l . . .
CXY1509 7 #% N WS AR ES'S 2011 KC762575 - -
Larix gmelini/Ips subelongatus

ARALTE IR/ 5 R\ 15 /NER s s
Cxvists  TACHITHR SEHRERFL AN REST (I S 011 KCT62574  KF773017  KJ634494
L. principis-rupprechtii/ I subelongatus
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- N - s NERL 5%"5 Genbank No. *
W WSS % How R T e
Species identit /L Plant/Insect Origin Collect < MAT-2
pecies identi 491/ B HL Plant/ Insec rigin H ollector isolation ITS B-tubulin HMG box
ARALIE RS/ I TE PN A\ /)N " .
CXY1516 L*}jﬁpiﬁpi‘i }[f /;rf/:b/e ;;'gi f CESE Ey A3 2011 KC762573  KF773018  KJ634495
A LA E RN "
CXY1517 ;;Eﬁpzuppriﬁ;z; lﬁgifui‘ T A3 2011 KC762572  KF773019  KJ634496
AL TE RS/ T T AN )\ 2 N
CXY1518 *j@ i M[% M S A3 2011 KC762571 - -
L. principis-rupprechtii/ I subelongatus
ABAL RN/ T RS )\ /N "
Cxyisig FACHIPE/ALHERE A T ' 2011 KC762570 - KJ634493
L.principis-rupprechtii/I. subelongatus
AL TE RS/ T AN )\ 5/ NEE " s
oxvisty  FAGEI A\ WELHKBE AL 2011 KC762569 - -
L. principis-rupprechtii/ I subelongatus
AL RN/ T RS )\ 5 /N i "
xyisiy FACEIP/ LR P52 R K3 2011 KC762568  KF773020  KJ634491
L.principis-rupprechtii/I. subelongatus
AL RS/ TR RS )\ ik /N " .
oxvisis  TAGEIH AL 2 B A3 2011 KC762567 - KJ634492
L. principis-rupprechtii/ I subelongatus
AL RN/ TR RS )\ /N I N
oxvisty AL BT\ S B 'S 2011 KC762566  KF773016 -
L.principis-rupprechtii/I. subelongatus
17, ;H—u \/TIZ:"IN It \ \uﬂ/\,ﬁ. .
oxvisy  REEIH/HEHAL TR 3 012 KCT62584 - -
L. olgensis/ 1. subelongatus
K TR/ T TR I\ /) . .
CXY1519 fjﬁ;ﬁ‘ffﬁfgjﬁs/ VB Ly ANy 'S 2012 KC762583  KF773023  KJ634497
NEFAAR INA A/ AN ANV -4 .
oxvispp  REEIH/EHL LN TR KX 012 KCT62582 - -
L. olgensis/ 1. subelongatus
EF AR YRR AN ATV . .
CXY1521 fifmﬁlﬂiifn;ﬁ VM SRR A3 2012 KC762581  KF773022  KJ634498
K- P I \/]I:"]‘?LP[] \ \m/\ﬁ» .
CXY1523 fj;iﬁ[‘wﬂfn;j‘; th/M BT R L3S 012 KC762580  KF773021  KJ634499
WP ey AN U .
C. polonica CMW5026 ]Efi iilz /Aljfi }pjgrlﬁm WAFIE, T. Kirisits 1997 AY233907  AY233932  AY233959
SR/ BB IR /NE Pinus sylvestris/
CMW8845 fﬁ” *ﬁ“}”ﬁ B Pinus sylvestis WA T. Kirisits 1998 AY233890  AY233926  AY233956
omicus minor
A/ T YT A A /N A
CMW2284 Elzt' o Tife T ke HA,Jb## Y. Yamaoka 1989 AY233804  AY233935  AY233964
1 P.jezoensis/ L typographus japonicus
S AR A B R VAT e o
CMW2210 Eﬁ;jﬁf; , Izﬂ;[;ir;:/zsja?o njiji‘l HA J6#EE Y. Yamaoka 1990 AY233897  AY233936  AY233960
BRI 2 42/ Z: 4% )\ /NEE Picea abies/ \ T. Kirisits
CMW8830 Iw[]ﬂ; f*’ B/ Picea abies Mk i Sllr;ls'_“ 1992 AY233889  AY233929  AY233955
Ips typographus . Solheim
KN Z A2/ 245 A\ /INEE Picea abies/ T. Kirisits
CMWS873 ID‘;”ﬂ/ hﬂ// \H/ME Picea abies W i gllr:‘,“ 1990 AY233888  AY233928  AY233954
. typographus . Solheim
b TN IR A\ /B .
onwayy  VREBE MBI ARMER e eV Vamaoka 1990 AY233893 AY233034 -
it P.jezoensis/ I.typographus japonicus
WMz 42/ A2 )\ /N%& Picea abies/ R. Grubelnik
CMW7151 1&;} =¥ hﬂ;/ VBN Picea abies WA ;{e,i" 1997 AY2338% - -
. typographus . Kirisits
Wl = ¥/ 7 K2 )\ 15 /N8 Picea abies/ p s
omwiosyy  DME R/ ZH NI Picea abies i W. Siemaszko 1938 AY233898  AY233933 -
L. typographus
WM Z ¥/ 7 ¥ )\ 5 /N Picea abies/ ) T. Kirisits
CMW7748 ?;”Zﬁ hﬂ;/\” N Picea abies/ st g N Jlr;:“b 2001 AY233899  AY233939 -
. typographus . Jakus
CMW7143  Picea abies/ I. amitinus BWRFE T. Kirisits 1997 AY233904 — —
RN A2/ R N 5 T\ 1 N I T. Kirisits
C. laricicola CMW4540 (EMJF /}WA Ebmg HAE R AR BTEER tm;"b 1997 AY233910  AY233947  AY233966
eciaua/ L. cemorae el. a
DRI It A/ B 9 A N 15 /N EE L T. Kirisits
Mwasgg  RMPRTERY/ MR TR ABORER L e e nisits 1997 AY233911  AY233945  AY233970
decidua/I. cembrae et. al
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- N - s NERL 5%"5 Genbank No. *
s RS A E Hox R T e
L . MAT-2
Species identit Hi¥)/ B HL Plant/Insect Origin b Collector isolation ITS B-tubulin HMG box
I T8 - 4/ B I 75 1A A\ 6 N I T. Kirisi
oMwazay KNI BRI H At/ AR BTEER nsits 1997 AY233921  AY233943 -
decidua/I. cembrae et. al
RICHH 7 -/ I VM 7% 1\ 14 /1N L
CMW1016 ?ﬂ’g /J[r& Eb“d Iw AR E W DB Redfem  — AY233915  AY233946 —
eciaua/ 1. cemorae
WA 5 -/ B 0 s A U /N L
CMW5064 SMJF /}WA Eb“) IR AN VAT T. Kirisits 1997 AY233912 - -
eciaua/ 1. cemorae
R B O 7% T B A\ 1 /N L.
CMW7760 ;’Aqi’é /J]m me/é TRARME WART T Kinsis 1997 AY233918  AY233942  AY233969
eciaua/ L. cemorae
/B 7 B A\ B /B I
CMW7759 ?{AF /JIFM Eb“”% HAEE WA T. Kirisits 1998 AY233919  AY233941  AY233965
eciaua/ 1. cemorae
A& I/ 75 A A\ B /N B L . M.J.Wingfield
C. fujiensis omwiogs VR F/3 Wk AR E R, gpy L Vinefie 1992 AY233922  AY233950  AY233972
kaempferi/1.subelongatus Y.Yamaoka
T /T T R A /N L. N M.J. Wingfield
mwigey PRI Lt D B gty - Vingfe 1993 AY233923  AY233951  AY233967
kaempferi/1.subelongatus Y.Yamaoka
FEI R/ T T R AN L . M.J.Wingfield
ouwiosy PRI MR AN gy Vineleld 0, AY233924  AY233949  AY233971
kaempferi/I.subelongatus Y.Yamaoka
RS/ R N U D B
NMG_11 g X.Zh 2008 HM776416 - -
- Larix gmelini/Ips subelongatus s o
NSRRI ILE VANV WA .
HLI_I {jgg FEALHENER A ST X.Zhou 2000 HQ7O7818 - -
olgensis/ I. subelongatus
Ko P& i/ ST 9% /N L .
HL2 J‘;E’? /Jrf‘ ) Z{J #HBAG AR BT X. Zhou 2000 HQ707819 - -
OgEnSLS . Su eongalus
C. pinicola CMW3273 BRI =4 Picea abies M H. Solheim 1994 AY233925  AY233952  AY233974

PSR SE R M , 25 £ 121°37'12"E,50° 50" 15"N 5 52y Ta AT SERE B b R L 00 bkd, 4 . 117°31' 147E 43°35'08"N; BIR VLl kBt k bk by, 446
J.130°13/06"E  45°23'34"N;—. T A5 BT

2 ERES

2.1 HRESEAIEEY Y E

SCHY N 103 bR F L5 B A B K FE S B 157 Bk, HorP 35 Ceratocystis B 2L 19 B , 1% 86 B b 75
KR BRI A 2R R B B0 — B0k, nT 0 19 MR ECH M Rl — ANl 19 Bk Ceratocystis J& B3 Bk
A3 SR N ST AR | e R SRR T 36 3 AN IX A B AR F , 40 BSR4 40% 31% 11 22% .,

T IR PR AT A B2 DL A2 SR T s R R 7E 25 CC RERGTE R, 2% MEA $5 57 385 72 45
T HERTESS 4 KRBV 5 FA KRR g, 355 21 mm/d, 7E45 7 RN K B2 4 85 mm (g — kMR 35
e TE2%MEA K535 LR W2 IK A, i Je st o, B 22 AR K et , B 5 P o O EIR, B0 , BR (K
1-a,® 1-b)

TR B Al AL AS B B AR AR 8 A — B, B FH B R CXY 1506 #1 CXY 1517 SEATPRANIIE A4 5%
THETERR O BB SR Rk, TS AR 132—274 pm (& 1-c, B 1-d) , - KB\ OH2Z, FHeKE
250—626 pm ([ 1-g, 18] 1-h) , SRS (2B, 2R i, K 360—1201 wm, BEGHE, SRR, i
Ii] £ 002 AR AN, S 58 32—58 wm, BB SE 10—24 pum (& 1-c, & 1-d) . FLOZLZE | m SRR, L
M k22K 25—57 pm (&l 1-e, & 1-f) , FEEFEEREHIN G, FREMFK 3.5—6.1 pm, 98 1.2—2.4 pm (& 1-i),
IR , A e e, S An s il . B PR S dn s i, K 7.6—22.7 wm, 58 3.5—7.8 wm (& 1) . &k
IS MBS IE /RS Ceratocystis fujiensis'™ TCH i X 5,
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22 REEBE M

H ClustalX 2.0 XF 44 4> ITS FEAN AT HCXT, FIIH PAUP * version 4.0b10 fix K a7 2992 70 Hr &6 51 s | o xt
1) 547 ANEREA R TE i ELACER AR [R] , oAb iE B ERAE 492 4,29 AN 1T 2945 B A8 B e . 1) ) i A ] 240 4y
FHAYBE SR (Tree length) S~ 71, —Z: 35 %4 ( Consistency index, CI) A 0.7587 , £4: B8 $6 % ( Retention index,
RI) }y 0.9548 , #4 [R5 %0 ( Homoplasy index, HI) 4 0.2143 7] H— #1435 %0 ( Rescaled consistency index, RC)
A 0.8337, MP B FEEH 43 ASNBES R 3 A EEA4 32, 430K Ceratocystis polonica, C. fujiensis, C. laricicola (1]
2) . ARSI E S B C. fiensis 3 BBk KR F R B FIE) C. fujiensis BHRRE T 1
A0 3, R R T R o B B TR AR AR 1 A3, 5 C. fujiensis Y94 4 72846 ; CXY1510 AT CXY1512
R332, SHAM C. fujiensis Y94 3 AEAL; B AR KR CMW1952 F1 CMW 1969 5 1 [E bk CXY1517,
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B 1  Ceratocystis fujiensis F75FHFEE ( CXY1506,CXY1517)
Fig 1 Light micrographs of Ceratocystis fujiensis( CXY1506,CXY1517)
a. Bk CXY1517 7E MEA 5983 I 25 C4MF FHIFE S d MBEVEIEZS ;b Bk CXY1506 £ MEA }53R3E | 25 C &M M3 5 d MREEIESS;
¢, d. FHEFE(100 pm) e, LALAZKLZZ(20 um) ;¢ h EFRRE 22 (20 pm) ;L FEEF (10 pm) 5 j4EEF (10 pm)

IhEE
¥
AY?233925 CMW3273 Norway
AY?233888 CMW8873 Norway
1 AY233893 CMW2272 Japan
|2 AY233896 CMW7151 Austria
AY?233898 CMW 10522 Poland .
AY233899 CMW7748 Czech R Ceratocystis
3 |1 AY233904 CMW7143 Austria polonica
80/0.90 | AY233890 CMW8845 Austria
AY?233894 CMW2284 Japan
AY?233889 CMW8830 Norway
” 6 AY?233897 CMW2210 Japan
83/0.80 AY 233907 CMW5026 Austria
L AY233912 CMW5064 Austria
2 AY233915 CMW1016 Scotland
AY233921 CMW3221 Scotland
6 2 AY233911 CMW4546 Scotland | Ceratocystis
99/0.83 AY233910 CMW4540 Scotland laricicola
AY233919 CMW?7759 Austria
AY233918 CMW?7760 Austria
AY233922 CMW1965 Japan
1 AY233924 CMW1952 Japan
1 AY233923 CMW1969 Japan
HM?776416 NMG11 China
4 HQ707818 HLJ1 China
HQ707819 HLJ2 China
3 CXYI1510
CXY1512
CXY1513
CX3Y1 511 Ceratocystis
———— CXY1514 fujiensis
L2 CXYI518
L1 exyis17
L cxyis16
CXYI1515
CXY1509
CXY1508
CXY1507
CXY1506
CXY1505
L cxy1s23
CXY1521
CXY1520
CXY1519
CXY1522
— 1 change

B2 ETITS F5IFA PAUP BREHIZERR KB AR (MP H#)

Fig.2 Phylogram obtained from DNA sequence data of the ITS region with the maximum parsimony method
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CXY1516,CXY1523 ¥45 1 284k 1 CXY1518 HAPIAAEfk, BT ITS FEH A MP # 3 A28 S5 s S HF
F(BS) ¥ T E AT 80% (& 2) , SR UL k3l i A7 DU 04 Ao 4y 22, >R MCMC 583, 354247 5000000
ORI RS LB W E MP W FMES 58 4 — 2, DU 40 B 25 5L R 5 30 E % (PP ) 358 Tl 55 F 0.80,
&l 2 iR i s 1 KRR BS/PP,

XEEHATRGE KB 5T 3 DALELH) DNA JE S 7[R BT 55 (P value =0.451) , & 81 3 M7 s DNA
FEH AT LA T 3 B SR AR 2 A ClustalX 2.0 % ITS  B-tubulin DA K MAT-2 HMG box = Bt I[N k4T
DNA JFA X, fe K BT 297 408 BE XS 9 1269 ANFRRIERL A T T HAE AR A, 2558 ow , o fE R E ol 1204
A, 32 MR LME B AR B RRIE LI I 33 AN T 2905 B AR AR, RIS R (8] 2016 A I G 251K (Tree
length) }y 72, —EPEFE R (CI) 2 0.8974 {5 BEHE %L (RI) iy 0.9778 , # [ PEFE %k (HI) g 0.1026, o] 8 — 2 k48
B(RC) N 0.9325, 15 B #4595 S FF Ny BS, MP #4823 SIS R 3 A F 250 3, 70 il % C.
polonica , C. fujiensis ,C. laricicola( €l 3) , ARSI 5 B A BAE S HAR 3 AR N 1 32, 55 19 53R % BS/
PP =94/0.98, HARSIE /BRI EE S H ASEE CMW1965 B4R 1 N4, I HESR PP =1.00, 35 4
TR BS=96,; HiP B R CXY1512,CXY1505,CXY1507 #4 %, 1 A~I.43 57, CXY1516 A1 CXY1517 ¥ A% 1 4~ iF
I35, GHAM C. fujiensis ¥4 1 D74k, CXY1508,CXY1515,CXY1523,CMW1519, CMW1521 HA —Edk, i
H AR CMW 1969 F1 CMW 1952 #4118 1 ARSI 7332 . 1% MP BRGH 3 43 3 1970 s S48 (BS) ¥ Tk
T 94% (E 3) , FIH MrModeltese2.3 #EATAERIRG I | 7E AIC ( Akaike Information Criterion) FRifE T, $R15 fefE
B HKY+1, DUM-T R G0 & B A 7 5k B MCMC 3332, 53217 5000000 18, MIEERY R 40K B WP 1

L AY233907 CMW5026 Austria

L AY233890 CMW8845 Austria

AY233888 CMW8873 Norway Ceratocystis

10 ;
polonica

100/1.00 AY233894 CMW2284 Japan

AY233897 CMW2210 Japan
AY233889 CMW8830 Norway

CXY1512

L| CXY1505

CXY1507
CXY1508
CXY1515

CXY1517

3 1]
o6/1.00 7 | | exyisie

Ceratocystis
fujiensis
L2 AY233922 CMW1965 Japan
5 CXY1523
94/0.98 CXY1519

CXY1521

7 H AY233923 CMW1969 Japan
94/0.83 AY233924 CMW1952 Japan
AY233918 CMW7760 Austria
AY233910 CMW4540 Scotland

6 Ceratocystis
1007100 L Av233919 CMW7759 Austria laricicola

L AY233911 CMW4546 Scotland 4hEE
32

AY233925 CMW3273 Norway
— 1 change

3 ET ITS,B-tubulin A F MAT-2 HMG box =R E E ) MP Bt & #
Fig.3 Phylogram obtained from MP analyses of the ITS, B-tubulin and MAT-2 HMG box sequence data
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5 MP W58 —0, 4R R R AR (PP) ¥ Tl 88T 0.83 , 2807 siUR R {EA 1.00,
3 Fit5itie

ASHIFSEXS T AR A S 303 A1 1) 3 e I RABRIN 7 A A /N 1 75 0 27 2 D18 4H S UM (A bR A R £ 7
RIEMARG T B GTC T, SFAFH Ceratocystis [ BARIEAT A FA R PE VR RAAE OB 2527 LR, LA K
BEF ITS  B-tubulin , MAT- 2 HMG box Z i 5 DNA FFAI M RG KT b, WE5EEs REW, 59250 515 2
Ceratocystis fujiensis THFE 19 ¥, %P E SE4E H AR B 5 A KN TE R R PR R R
A= TR X AR Y Y 2 B o RN RO O A R A DB, N AR SR R T LABOSE 30 AFE A () B A I AR ( Larix
kaempferi) " o 3 A G AEK A IR R P A /NG OB A3 B B 3 MRIZOR R Y . AR ST
MR LU P 2422 7 A, 1 T LU DR 1 7 A I DR M 22 06 4 JUOAS ) 3 8 03 A1 Y AR L7 AR AR Y 2R B8
RKIN C. fujiensis , FRW IR I PEE R AETRE AR AL ALALH HAARIN T2 504, 5 3 A N6 /NGRS LR E FY 1
HRAR

FERRIN 5345 09 A2\ Vi /NBEFEAE TR C. polonica R MFn N /NEEAEAE TR C. laricicola AT B 5 A 5 32 53
AEHFAE  He R0 IE I HBETESS A 192F (BRI =42 Picea abies RN %A Larix decidua) b1 B 835 IR
BE, TR MR Y — 25 3, BB AL T “ Picea abies-Ips typographus-C. polonica™ F1“ Larix deciduas -Ips cembrae-
C. laricicola”™ PPMRI HEAL JC R L H AL K B9 A8 N\ V5 /NG A 2 TR0 20 AL R AR, B Larixc: kaempferi-Ips
subelongatus-C. fujiensis” E@Tﬁlﬁlﬁ’pﬁjﬂ o ARIFFEEE R R C. Sfujiensis ERRE WS GE 3 FhA LA 3
AT R\ R/ INGETE RS E O PEAR G R, SCFF T Ik R P [R) E A DG 27 BIVRE 2 A9 /N 1R 55 0 7 T A B0 TR AR
PEATE B T R SRR A AR f a3 W iE— 29T C. fuiensis F1 C. laricicola TEAN [R) ¥ #1825 32 (BRI
TE RN R IV ) 38 L3R DA K C. fujiensis F1 C. polonica TE =2 (BRIM A2 H AR =256 ) FNE N T%
P (B HASTE AL D42y A A T AR AR L i i Fa 2 ) B Y 88 SRR IR, DL SR i by [w] 1 Ak
TR A TR 1 25 B RFE

P AR TRE IO Y E AR AN R ST O AR R M3 (B0 3 R R B, HAR A2\ /N (L
typographus f. japonicus ) YWAR A IKINFG 1 ARy BIASFHEEIRIAE 7 I 2 B9 A B g 2 e BRI = A2 %
F L REZHYG C. polonica T NARE WIFEA KR  (HIZ AL TRAE A Hb X AAAE i 35 st A% 22 5% oAk I i
B Hb P (BE25 32) Al BI“ Picea abies - Ips typographus - C. polonica BRINFIEE” 1 Picea jezoensis( H 7
= A2) -1 typographus f. japonicus-C. polonica H ARFIHE”

JERRE AR\ /N S HARTE A\ kNG JE R[] — il (H HZoR AL R 91 78 — A AE AN ] B
PR AR 2 50T L T /N K 11 7 WA o TR R 0 2 9 T A Rl R ) 7 A 175 I 3 ) 7 17 — 7Y
PG, FTRE A AR TR A (027 ) FOREDS S SEUNIE AR A\ NS E R IR R b S, BT
ITS P54 MP 44 (181 2) /T UL, C. fujiensis FRILH T BIFP N 3-4L, [ LT 2 DNA FPOIRIIRG REELH 70
Mr (& 3) a] UL, A He B b IS A B R Y2 /) C. polonica F1 C. laricicola , C. fujiensis #3&E0 H 5= & B9 Fh 4 43
b, BB P TE3 3,— 3N HARPIANERR, 55 —20 3 BASHY 1A B b [ /Y e A R R — R
B EEMIFARRI 3 A AR B E A VR R RV R\ /Nl B P A TR RE 2 I L B
—FH DNA J¥H (& 3) o XFPEEA T 5 IR T 2010 o 5 28 A B o 5 st % 2 REPE P4 T
L5 A DN EE AR A 5 B A T 1) 20, 4910 i) £ 4 BE DR AH 9 352 A% Z2RE 38R C. fujiensis Fl/Nadk HURRHE
T RE A BAEF SR LR, LS TE & S WAFTEE Fr S AR A i 2L R 42
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