[
jwxt@im.ac.cn | 15 May 2014, 33(3): 738-745
Http://journals.im.ac.cn Mycosystema ISSN1672-6472 CN11-5180Q © 2014 IMCAS, all rights reserved.

f@#R Short communication DOI: 10.13346/j.mycosystema.130059

TEFREREE S HMER
It BERBET EE ONERD EE

"MEFREXFRER WES A4 010019
D Fe ik BRAFRIFIEIAEL NEF oFAk4s 010051

1 OE: N TR LA B R AR, R A E L S B A E SRR Y rDNAITS X HEAT R A 43 AT
FIH Popgene32 F1 phylip FAFEATHAR H AL M. Jp o0 or HT R B LRSS HIH rDNA ITS X IH P B B
422-447bp, HALERETE 0.000-0.051 X [H] . fuBFES M RIZRIS T4 KW . (1) LA REA @ Wil 2P0,
il = 2 ROk AT RN (2) BRI Nm>1, BHLEARA L 3 80E B 28 A B RS ML R R (3)
A A B A 2 A 52 B M PR BE (5, T R R B B AR OGP

FKHIF: LA, (DNA FSRIBRIX, Bk 2R, kol

Genetic diversity analysis of Cenococcum geophilum
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Abstract: To analysis the genetic diversity of Cenococcum geophilum, the sequences of rDNA ITS region were aligned
among C. geophilum strains from China, USA, Switzerland and France, the data calculation and phylogenetic analyses
were performed by Popgene32 and PHYLIP softwares. Sequence analyses showed that the rDNA ITS of C. geophilum
ranged from 422 to 447 nucleotides in length, and their genetics distance were from 0.000 to 0.051. Population
structure and phylogenetic analysis showed that: (1) C. geophilum has certain degree of genetic diversity, and the
genetic variation is mainly within populations; (2) Nm>1, and the genetic drift is not the principal factor that results in
genetic variation of C. geophilum; (3) The effects of host origin on C. geophilum genetic diversity are not obvious,
however, geographic environment influences genetic differentiation of C. geophilum.
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+ =25 4 # Cenococcum geophilum Fr.J& 1
PR 12 MW 8 (Spatafora et al. 2012) . %A
" 5K\ & Pinus. mAZJE Picea A2 JE Tsuga.
B A JE Abies. V2 )E Pseudotsuga. HEAKJE
Betula. 2T )& Ostryopsis. 1L1IEFE Fagus.
¥ )& Populus. MJE Salix. FkJE Quercus FI kY
J& Tilia SEREYNTE AR L AN E R, AR B3 [
EE )2, B EMTE AR

(Pigott 1982a; Shinohara et al. 1999; Tedersoo
etal. 2010; 5 FIMRALLT 2012; 54 45
2012) o [EIAMRIE R B 1A 25 A B R R N A A
Wi4L 434k (Coleman et al. 1989; LoBuglio et al.
1991; Panccione et al. 2001). Wl Shinohara et al.

(1999) . Douhan & Rizzo (2005) Fl Douhan et
al. (2007a, 2007b) F|H rDNAITS [X. PCR-RFLP.
v -3- R I U (gpd) FE DRI RITAZHE /4 DNA
¥ 40 3 i 55 J7 i 5 A 56 A WG - AR T )
W2 FEE; Goncalves et al. (2007) K AFLP
D38 HU R % A i 80E L AR SUS 1 EAT
PRAR B A2 27 BB (R Z2 FEPE 50 A1 Jany et al.

(2002) fH RAPD. rDNA ITS [X[f] PCR-RFLP K
SCAR 431 ic ik Wy [ 2R A6 36 Ll B Rk o
AR A A R A T 1AL 2 R Wu et al.

(2005) AIH] SSR 73 FARid I ikwtoE 7 HAIK
A R AR AR b A R P B s AR S S .
A+ 5 LA BB, FRATT AT ) TAE
XoF TR P BRI R 1 2 BE R EAT T W10 40 B (Chen et
al. 2007; 5 FIBRALLT 2012) « A 57K rDNA
ITS J3 5K 23 A1 28 23 P v 1) 22 R DA R a5t A%
S MR R B OC R, N I I B R RN
R I A A B K ) AR A 0 B A

WEEP
1.1 L ER
KT LLRAE Ml i A7 P9 50 WA R

(HRZ 111°65', Ab4h 40°35") , B2 KR
MALTFAZHEE AR RP K (KL
105°40', b4k 38°10") , i IlREEHL AT T
5 AR R (AR 108°2', db4i 40°9")
HME BTERER 1. AWF9T 39 N AT HAHE
rDNA ITS J¥ %] GenBank % % 5 4
KC967372-KC967410, C K #KJ¥4| GenBank %
S5 W CHR (Shinohara et al. 1996; Shinohara et
al. 1999; Douhan & Rizzo 2005; Spatafora et al.
2012; ESRIPRALAL 2012) &

1.2 EF A DNA AYIREX

P UKFADRAF I R AR 42, FH Pach 5577 4%
26°C FHEEEFE 2 AN H G, RAT CTAB VA $ HUEE A
ZH DNA.
1.3 rDNA ITS [X13 Y PCR ¥ &

R B rDNA FesglalBgIx (Ts) i A 51
M) ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") il ITS4

( 5'-TCCTCCGCTTATTGATATGC-3") i ik 14 bk
[FEEH 4] DNA HEAT T PCR 78 . I3 I AR R

(25uL) 41 F: 2uL 2.5mmol/L dNTP, 1uL
25mmol/L MgC1,, 1uL 10pmol/L 514 1TS1 FI
ITS4, 0.5uL 25U/L Tag™ [, 2.5uL 10xbuffer, 1pL
5ng/uL B DNA, 17uL ddH,0. ¥ 141 94°C
A PE 1min; 94°CA4Z M 0.5min, 50°CH ‘k
0.5min, 72°CZE{#H 2min, 3L 30 MER; B
72°CIEAH 10mins
1.4 BESR

2B T AR TR C i) A B A =T PCR
PRI, 7E DNAMAN At EAT 35 1) bE ) -

AT . A PHYLIP #{FHH4 Kimura's
two-parameter Jut % BF 5 JF ) UPGMA S ZEM

(Felsenstein 1993) , [ TREEVIEW H %M

(Page 1996) . JH Popgen32 #4115 Nei's itt
fE 2 REPEFE 5L (h) . Shannon 15 4858 (D, &
TR Z FEE (HO . BEAR P JE IR 2 R
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(Hs). FEMRNMFERIZAEPE (Dst). FEHR LR
B (Gst) FIFERRE (Nm).

2 R E597
2.1 rDNAITS XFHI B L

X HER T BR rDNA ITS X541 b (1 45 5 i
N EA PR rDNA ITS XK JEH 25, AbTE
422-447bp 2 [A) . Horp ITS1 K JE ARk F 86-95bp
Z [d], 5.8S rDNA KJEAZ 11 193-204bp Z [H,
ITS2 K AL AE 139-150bp Z [F) . T A7 ik
Pk rDNA ITS [X [1/)i5t % #H 25 7F 0.000-0.051 . [H],
FLrh 88 AN BRI BR 1915 4% BF 25 7E 0.000-0.040 2 [f]
MK, B4 25 B11E DNA TS X P12 85T 1 o

BB Mr B 1 w40, 94 DNHERED A 15 4
TRYL, PRI R — B 2R
P, T FLERAE — S I R AR SE AR 02 SR T AH )
N 7/ o E e SR S I i o S
0.000-0.040 [}, A hnA4R JE (1) 27 ARk
FEAERRYL s F 15 b, AR 2-2-1 7641 1
o AR X 5 AN BERRTEAL 4. 41 6 A4l 15 H;
AL 5 A BEREARAELL 2 b o o [ B Rk s A
I 25 7F 0.000-0.051 2 [H], HHp K 1111 20 4B
PEEEAEA] 1 A4 14, JHHEK YANGL 7241 5
o BEINE) 14 AR A 11 FIA 12,
AWM 3-4 724l 14 o 3EEE) 5 MRERAEA
1. 418 MIZH 13 v, aifLi B9 41 0.000-0.024 2
(B); Hie -0 5 ANEARTEAL 2. 41 3. 419 fiidl 10
W, IR BE 0.003-0.037 2 JAl. ASHFST R IR
WA D HOA R IX ()RR SR A — RIS, Wik
[ R bk €G417. S [H B FE 2-2-1 I MC149 5
HAREAE ] (4 1), FitRRk CGTAR HE[H
WAl (41 2), I KWtk R-26 53£ [
WAl (41 4), TEEK YANGL 53 [H
FIRRERAE - (4 5, HETHHk 619M S
FEEMREBAE i (41 12), A4 8 ik,
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Ao 2206 [ B R SR A — i

AT &5 ik 3 B AR S R ) SR 20K
R 51E FRERA AR, SRIET AR 1
TR AR AT AR AE il . WIE SRR 1 PRibk
Spopl. Spop2. Spop3. Spop4. Spop5. Spop6.
MY. SB2. SB5. SO5. 2-2-1 I MC149 )15 1=
SrnlE . wiks . e R WK
feetn; fedl 2 P SEEE ALB-2. S8-1.
HUNT8. HUNT9. HUNT-B2. 155 fl A177 HIfE
TR EBRAE.. A, Ax82. B,
JERRIRRAZ . LM AR/ HER ;. 724 11
tHEFK Spiceas 1-1. 1-2. 1-3. 2-9. 2-10. 2-13.
WL, 3-2 Fl SB1 i1 43l =42 1idg.
FAFIEIME: 7E2H 12 TR YUN, 2-1, 2-2, 2-3,
2-5. 3-3 fll 619M 115 E a2 =42, i,
AR A E AR fE4] 14 1R FE Dabai. 01. 02,
04, 05. SO1. S04 F1 3-4 {15 =43 7l & I HE
JREEFM AL o 7] — Mo X AH R 15 310 C. geophilum
PR AR A a8 AR 04, AR RN 32 00 B R BT AR A ()
RIZEAS A o 56 R4 JE P (1) 27 AN BRI
15 EHOZ WA, A 3 A4, P ER A
15 A I AR 3-2.3-3 1 3-4 Zp BiAE4] 11,
412 FIdL 14 b, 15 A S E K 11, 1-2,
1-3 A1 YUN 20 5iIfE4H 11 gl 12 wF, fd b1
M B FE 2-11 2-2. 2-3. 2-5. 2-9. 2-10 Al 2-13
W AAEAL 11 F4l 12 W, BE 5 KH L EkE
Spopl. Spop2. Spop3. Spop4. Spop5. Spop6.
YANG1 F1Z 57 L& #k WL 875 —ild. TP E K
i 3 2 FTEE) 4 AN TRIPE SB1.SB2. SB5 Fil Dabai
SRR 1. 4l 11 gl 14
2.2 BEEMEREBRES L

PR AR R ok Arp L SEEL VA
Fiii =, N Popgen32 R AFXF rDNAITS X [#)4)
Mrah KR T A B E Nei 4% 2 FETEFR 3L
Al Shannon {5 B 4547371 4 0.1572 F1 0.2755.
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Table 1 Strains of Cenococcum geophilum examined in this study

By ¥R
Strain No.

YANG1, SPOP1, SPOP2, SPOP3, SPOP4, SPOP5, SPOP6
01, 02, 04, 05, S0O1, S04, SO5
MY

SB1, SB2, SB5, Dabai

SPICEA

WL

1-1,1-2,1-3, YUN

2-1, 2-2, 2-3, 2-5, 2-9, 2-10, 2-13
3-2,3-3,34

CG, CG5, CG54, CG417

AM1-1

CGTAR

CGPIL

CGLESPAC

CGWEG

CGMONT

010, 011

028
Al177

155
ALB-2
S8-1
HUNT-8
HUNT-9
HUNT-B2

1-1-4, 1-1-5, 1-7-7, 1-7-8, 1-7-11, 1-16-2, 1-17-2,
1-19-1, 2-2-1, 2-3-1, 2-6-1, 2-9-1, 2-10-3, 2-11-1,
2-11-2, 2-13-2, 2-14-4, 3-2-5, 3-7-3, 3-8-2, 3-9-2,
3-10-2, 3-10-3, 3-11-1, 3-18-1, 3-19-2, 1-5-4
3-4-11

-2, 1-3, BTREE1

349

A145

MC149

R-26

619M

54CG

Ve-95-12

28

FE
Host

W% Populus davidiana
E¥&F Ostryopsis daidiana
S Pinus tabulaeformis
B #E Betula platyphylla
1% Picea asperata

%% Populus davidiana

= #Z Picea asperata

W45 Populus davidiana

S Pinus tabulaeformis
Unknown

BR M LI E 8 Fagus sylvatica
Unknown

Unknown

Unknown

Unknown

Unknown

BE# Pinus resinosa

[EtH0 Salix rotundifolia
¥R/\HERS Betula nana
EMB® Quercus alba

E R 4% Abies lasiocarpa
H T4 Picea glauca

¢TI =#% Picea rubens
[EtH0 Salix rotundifolia
LR KR REKZ

Tsuga mertensiana
BB Quercus douglasii

BB Quercus douglasii
HE#k Quercus garryana
EEBR Pinus albicaulis
TEHEAD Pseudotsuga menziesii
TEHERD Pseudotsuga menziesii
JbZEEMA Pinus banksiana
ZE®R Quercus ilex
Unknown

Unknown

Unknown

iR

Origin

&, AFLL Daging Mountain, China
FE, XELL Daging Mountain, China
mE, X&ELL Daging Mountain, China
&, AFL Daqging Mountain, China
FE, XELL Daging Mountain, China

i,
i,
i,
i,
EE
sEE

511l Wula Mountain, China
#22211) Helan Mountain, China
2=l Helan Mountain, China
%821l Helan Mountain, China
France

France

s+ Tarasp, Switzerland

It
Wt
Wt
It
XHE,
USA
XH,

xHE,
xE,
xH,
xH,
xE,
xHE,
xHE,

g‘é,
USA

xHE,
xHE,
xH,
xE,
xHE,

Pilatus, Switzerland

Les Pacots, Switzerland
Weglosen, Switzerland
Montricher, Switzerland
OFEHEEM Massachusetts,

PRI ER DM Alaska, USA
PRI ETANM Alaska, USA
{38 M Georgon, USA
A4M New York, USA
AL New York, USA
AL New York, USA
AL New York, USA
AL New York, USA

mmAsgE I california,

OE=| Maryland, USA
HE XM Oregon, USA
B E# XM Oregon, USA
#% %KM Oregon, USA

LRI Washington, USA

mEX, M/RIAEE Alberta, Canada
#HE T Portugal

=

Holland

Unknown

Unknown
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Fig. 1 UPGMA Phylogenetic tree based on rDNA ITS sequences from Cenococcum geophilum strains. The numbers at
branch points represent bootstrap values with 1 000 replicates. Only bootstrap values greater than 50% are shown.
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AN TR b X A A B R I R 2R
Ht=0.1592, JLHAe7E T Ja B N I L D8 22 %
Hs=0.1281 , J& #f I 1) & ER =S
Dst(Ht—Hs)=0.0311. A~ [i] Mh [X. 5 J 1) f) 35 K] 43
b R Gst=0.1957, R4 80.43% (1) it 4L AL 7 A7
ET RN, 19.57% 115462 S A7 46 T F IR
DL b g Ut B AR S B — o st 2 FF
PE, JFHBHE R TR TN, [FF,
JEBERAEAE— B R 1o FEDRIR (NmD 2
3 W) AF 7 ) RRRE A PN 0t A% 7 S R R 1) — A R
IEE, 2 Nm>1 i, &R LA Be e HIK i e FE
WAL AR MAER . Bk R R s Y
Nm<1 i, AR AR 5t R B AL 2 0 1) 32 7
[K1 & (Slatkin et al. 1985a, 1985b). ALY
rDNA ITS X P A MR KA 2.0552, i B
WAL AR AN T B A A BRI R )
FHENE.
3 Wit

A TR ©.4 % H] RAPD F1 PCR-RFLP J7 %
XF P R Ll 20 2 R B AR EAT e, R EEE
(1) 20 AN A= 2 PR B AR EAT Z FE o0, th T
2 TR R B R R A b S R PR, R AR
P AT (1) 38 A 3 A 5 1 0 K] 38 R 2 SRR 2 AT 1)
Bk, Shinoharaetal. (1999) H] rDNA ITS [X ]
PCR-RFLP J7 V270 #1 2& E FI W e Ak, U B
BRIRR PR SR SR BRI AT — L AH Gk o P LAA
S E R LA 2401 B AR rDNA ITS X 41
AT 90T, A O R BB IR I LA
1 T (1) 358 4% 4 A 5 1l B DX 3R A 5 SRV 1) 96
o AT SR B R B B AT 0] g 2 5 g A
P AL AL B ZE R 25 . FE T rDNA ITS X1
P TP S SESUR 0Ny e 2 S R
[ B AH AT HBIX o anfe] 1 Al 1 Fngl 14 Ak

JUT-HCRPE T O, 41 11 Fidl 12 )
BT HRIE T E B 2. A2 (1) 8 AN
b 7 ASkIETSEE, Hif 5 AL R
(ALB-2. S8-1. HUNT8. HUNT9 HI HUNT-B2).
1 MR AR (1550 1 AN B $7 30 b i Bk
(A177). 21 5 "B YANGL 4 HoAth B i AT K
Y5 T3 AR AR JE T s 41 15 TP IR AR SR U T
5 [ 94 35 R AR JE ST AR X, 0 A 2 S AN
M XIARAR, b BRI RS D8 38 Lt
Douhan et al. (2007a) JH T 1 -3-fulf 2 it S It
(gpd) L7415 H K B A6 32 RRR I 1 4 2% 4]
WL ZREME, S50 e R — R P I
PR 2 BORYE T AR R X 38, 3 5 ARHF5E 19 2 #
SERHSF. KT rDNA ITS [X (14347 45 S i 42 B
R T [] — b X (9 R AR AT S8R 2 AR . Sk
FE] N A 45 JE V. 18 Bk 1-7-7 A1 1-7-8 3K [ [ — %k
Huli, FEARNTHERRGIT, e s AL i
24 0.037; HFECKT LEFE SPOPL Fil YNAGL
WAEA R b %) A4 B e R 5
o0 B 4 B 5 A, Bl AR A 2 0
WAL ZFEE, JF Bt 2 R EER A TN .
P STV E R = NI NI /S 52 S
B, X AT RE AL HH TR 1 IS K R R A 2
BN N2 3B  P = I1D  wk  sH ZA N SRR e
BB ARTGEE

AWFFTE IR T 20 Bl ERW A+
TIHEEE, 508 THEARE] Betulaceae MHIHE
ARIBFFRGETE. ¥WIEL Salicaceae 14 )& 1
W& 761 Rl Fagaceae [FIRRJE R ERELL KA
%l Pinaceae WA E .. =2E. B2E. AR
FIEEAZ I o X LE R PR 28 5 WA ) R0 T ) 5 AR
B TSR A 225, BRI BT 45 R R
HH A 2 R R 2 200 R S T SR A A G
PE, RIS T A RE RSSO0 R T LU
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U, AT SR R A S TE AR O 2Ok R A L
Cfn 1-7-7 R 1-7-8) , Yi W] AR B AT W
SHITE B, WoRtd TR A A
AL A WA AR AN o A% 11 1 B LAt
A TR AR BB A T 5 A S SR K OE Y R )
(Coleman et al. 1989; Jany et al. 2003) , Pigott
(1982a, 1982b) i 4% B 16 5 .0 M Tilia
cordata J¥ A0 A2 T AR 11 TR 22 BTG 345 1K I &5 44
HUm, WaEHNEMME A R, XA 4S
oy T A T 22 AR R AR AE T A5 00 T AF0E, AN
DT 2R BRI Sish, A
22 A AT e 1A AR AR 22 R 0h R I R
(Rodriguez et al. 1984; Bae & Barton 1989;
Haselwandterk & Winkelmann 2002), £
H ARG SRR T vh 58 2 iR 25 M) B 4 A ]
WL SC R, X BE S IR A Ve AR

Iz BB A
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