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SRR AN E AR o E A R Cg
BRI EE X Cg BT FEAR T B o DRIk, AR BE 5T
DIOR I T AN ) 35 2 MUAS [ S5 1) Cg PR A 44
B> 7 ED A T B 2 3 18S tDNA i T Ry 35
THERANALE Sy M A T AR IR AL BF T
Cg BRI ZREEM R G T NS LT
FS I DAL A G TR 1) 7 328 B3 02 B, 1 — 2D 5
T SR R 08 S DXORE e 0 e 2 R S R A
I6 A A AR U R AR L W] B (1 PR A AR

1 MRERTIL

L1 ##
L1.1 S EAR: ALk R T A 500 K

2> 5 H FE#s 1 (Ostryopsis daidiana Decne. ) [ 1
e s [C. geophilum Fr. (Cg) ] H ¥k: 01,02,
04.05. S01. S04. S05; 11 ¥ ( Populus davidiana
Dode) ffj SPOPI. SPOP2. SPOP3. SPOP4. SPOP5 .
SPOP6. SPOPx+ YANGI; [ #t ( Betula platypylla
Suk) [f] SB1.SB2; = #2 (Picea asperata Mast) [f]
SPICEA ; Wi #2 (Pinus tabulaeformis Carr. ) ff] MY ; il
kB E I #E R CG5.CG417.CG54.CG. Ak 56
U o 58K B B 5% 2 1 2
FER . T ATES0 A T 5T 1 45 4 Ce
BRI 1.
1.1.2 E£ERFIFO{LEE: Tag DNA FE 41 DNA 45
FArUE R Marker i 5 K3%E 5 £ 4 2 7 (TaKaRa) ;
DNA B IR0 B 52 [0 e ik 770 6 08 11 b 50 R AR AR A B
HAT R~ wl. PCR AU H Biometra, .0 HL Al
UViphotovl. 1 R SARAE A AL LT R 8 51 5 A1
PR DTAE A T -
1.2 EFH DNA B932E

UK AR R I BT BREE B T Pach 3528 M 46 5
IIEEE 2 AN H G B IR BT 60 mg TR 2214,
KT CTAB IL4ZHUIE R DNAY
1.3 18 S rDNA3 is A9 PCR # 18

JH U A% K 4K 18S rDNA 37355 5 4 NS5 (57—
GATACCGTCGTATCTTAACC 3°) (1 & # if) A
NS8 (5°-TCCGCAGGTTCACCTACGGA-37) (3 fik ##
JE ) 4 B P ) BE 41 DNA 2E4T T PCR 47
Who B Nk F& (25 pl) W1 F:2.5 ul 10 x
buffer, 2 pL 2.5 mmol/L dNTP, 1 pL 25 mmol/L

®1 RTAMRAS TR LS 4 Cg Bk

Tablel  Fortyfive Cg isolates used for analysis
of intron sequences in this study

Isolate Location Host References
YANGI #F [ (China) Populus davidiana Dode. This study
SPOP1 1 [E (China) Populus davidiana Dode. This study
078 1 [H (China) Ostryopsis daidiana Decne. This study
05 [ (China) Ostryopsis daidiana Decne. This study
MY rF [ (China) Pinus tabulaeformis Carr. This study
SB1 [ (China) Betula platypyllaSuk. This study
SPICEA 113 (China) Picea asperataMast This study
CG 12:H (France) Unknown This study
CG5 v H (France) Unknown This study
CG54 V= H (France) Unknown This study
CG417 v2:# (France) Unknown This study
CGTAR Jiii 1 (Switzerland) Unknown 8
CGPIL Fit1 (Switzerland) Unknown 8
CGLESPAC it (Switzerland) Unknown 8
010 £ [H (USA) Pinus resinosaAit. 8
011 Z[H (USA) Pinus resinosaAit. 8
155 Z[H (USA) Quercus albal.. 8
ALB2 Z[H (USA) Abies lasiocarpa (Hook.) Nutt. 8
S84 [H (USA) Picea glauca (Moench) Vess. 8
HUNT-8 Z[H (USA) Picea rubrensSargent 8
HUNT9 :[H (USA) Picea rubrensSargent 8
144 S [E (USA) Quercus douglasii 9
1949 2 (USA) Quercus douglasii 9
198 Z[H (USA) Quercus douglasit 9
1741 [ (USA) Quercus douglasii 9
1494 J[# (USA) Quercus douglasit 9
234 2£[H (USA) Quercus douglasii 9
2-64 Z[H (USA) Quercus douglasit 9
2403 2 [H (USA) Quercus douglasii 9
2414 2£[H (USA) Quercus douglasii 9
2432 £ (USA) Quercus douglasii 9
2444 F[H (USA) Quercus douglasii 9
325 2[H (USA) Quercus douglasit 9
393 2[H (USA) Quercus douglasit 9
392 J[H (USA) Quercus douglasii 9
3402 2£[H (USA) Quercus douglasii 9
3403 Z[H (USA) Quercus douglasit 9
3414 £ (USA) Quercus douglasii 9
3484 2£[H (USA) Quercu douglasti 9
154 2 [H (USA) Quercu douglasii 9
3441 % [H (USA) Quercu douglasii 9
12 2 (USA) Quercus garryana 9
13 2£[H (USA) Quercus garryana 9
BTREEL 2£[H (USA) Quercus garryana 9
Ve9542  Unknown Unknown
UN Unknown Unknown

MgCl,,1 pL 10 wmol /L 5] 4 NS5” Fl NS8, 0.3 pL
25 U/L Taq ff§, 1 uL 5 ng/pLB KT DNA, 16.2 pl
ddH, 0. ¥4 % #£:94°C 5 min; 94°C 1 min, 50°C
0.5 min,72%C 1.5 min,30 M§3;72°C 10 min. H
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VKA o AP Bl I R e e DNA el i ik ) 6 264k
PCR 724y, th4A: T A4 T8 (1ifg) 43 PR A w) 247
DNA Jll 5
1.4 HUESH

FFl DNAMAN (version 6. 0) % AF34T 41 e b}
FEHI N TR X M ] MEGA (version 4. 0) %1 4
Kimura’s two-parameter it {5 i 25 I 4 & Neighbor—
Joining(N]) HE—HARA KGN, ARELLEN
1000 o 4218 Burke %542 H 11 77 12 )F AR Ceah 2
P R A, i1 Mfold Chttp: //www. mfold. rna.
albany. cdu/) B3 & 760 = L6 K5 L Sook
Pl - P10 fic %} X i if 5 CRW Chttp: //www. rna.
icmb. utexas. edu/) My R FH 1 BN 4 FFH L
R -

2 SR

2.1 HEFHBALEFTSH

Shinohara 254} ™ 1 F& AT 1K) 1 016 52 % W Cg
P BR 18S rDNA wh ) T B & 147 T 3 s & DAt
AHWEFER LI B PE 18S rDNA (1) 33 ik 4T PCR 4
B o 2 R SR AR AR AT LS B BRI A
448 B B 1 fk CG54.CG417.CG. 05,501
S05. SB1. SPOP1. SPOP6. SPOPx. YANG1. MY Fi
SPICEA [ 4™ 14 - Bt 29 24 1300 bp; # #k O1. 02,
SB2.S04.SPOP4 .SPOPS (¥4 14 i Bt 414 770 bp; 7
BikE 04.SPOP2.SPOP3 Il CG5 A 4414 1 B, 4y
W%k 1300 bp 1770 bp.

% CG54. CG417. CG5 (K A Bt) ~ CG5S (U8 Jr
Bt) . CG. MY, 04 (K A Bt). O5. SBL. SPOPL.
YANG1.02.SB2.S04 FiI SPICEA B&#kd 14 F B AT
Wy I A H DNAMAN 6. 0 3R {347 17 41 53 41 » I
3R BEKZ 4 770 bp [ # Bk (024 SB2. S04,
CG5S) AEHWNE T ¥ 38 Bt29 41300 bp (1 1 #k
(CG54.CG417.CG5.CG MY . 04.05.SB1.SPOPI .
YANG1 F1 SPICEA) #3545 P9 & F. 19 A [H B #k
14 ANBREAT WEF5 1f0 Bk B RERR A 2 16 b B B bk
THRAAENE T ARNENE . K505
SRR PR 18S xDNA o )N & 1 B AN B 1 d5 J5 1)
B2 U, N & TGN G, 4 Cech
RIEIX R TN 7 SRR o o ) T bk
04.CG54 1 SPOPI [£) 18S rDNA 4> 3 Kl 33 47 Wl /¥,

AATA B IO AL B AE 18S rDNA 373 1745 — 1747 bp
Ab (& 1) o ¢ il DNAMAN 6. 0 #5145 % A B 57 ) A
LR Cg Btk 18S xDNA th i N & 1 /7 41 BEAT
EEXF I #T, 45 R A27R Cg BIFR 18S xDNA N 5 1
(FIFPH1 KB ) 488 — 590 nt, 71 H: 5735 F 41) B ALk
ST M 37 7 ) 10 B 4 R R A 2 e (181 2) o
BIR B, Cg WK 18S rDNA i N 35 4% 1 1R P
FIFEARSF I Bos th 92.3% —100% )[Rl Y5 -

188 Intron 588

ITS1

BEl1 Cg ¥k 18S rDNA MRS FHEALE
Fig.1 Location of Cg 18S rDNA introns.

2.2 HAEFRFIIMAZEZBE D

J% Fl DNAMAN 6. 0 #4XF A 55 10 4N B bk Al
LR R 35 > Cg BEAKIT) 18S rDNA 1 (1) N 75 1 kAT
A EE X, W MEGA 4. 0 #4tF i+ 8& Kimuras two—
parameter it % I B FIAEE NJ R LB W (K 3) .
RGE oW &5 R R W AR T AN [F) R AT Hbdsk J 37 E A
(1) 45 /> Cg IR A 8 AL 261, e
fEEE B 7E 0. 000 —0. 078 2 [l HHI& 3wl %0, [ B
¥k YANGI.MY.SB1.SPOP1.SPICEA #: [H ##k CG+
CG417 Fli 1 W bk CGTAR £ —A> 4y s b e AT
WAL ERES7E 0. 000 —0. 024 2 [A] ; 55 [H B Fk 011 Flvk
[ 5 Ak CG54. CGS 71— AN 43 3, Jgt A% JE 85 7
0.000 — 0.008 = [i]; 2% [ B ¥k ALB=2. HUNTS.
HUNT9.155.88- Fl i+ B #k CGLPIL {£— /432
o CH R ABAR) 5 WAL BE 2576 0. 003 - 0. 024 2 [i].
X B Hh PR PR S AR AR SR GO R R T
[ 1k YANGI1 MY .SB1.SPOPI1.SPICEA.04.05 (]
WAL IE 3 7E 0. 000 — 0. 051 2 [a); v [H 1 Ak CG54.
CG5.CG.CG417 [ 45 P B =76 0.000 — 0. 046 2.
] ; Bt -1 1 Bk CGLESPAC.CGTAR F1 CGPIL [#) % 1%
¥E Bk 0.040; % [# 1 £k 010,011 ALB2. HUNTS .
HUNT9.155.884.264.325.144.199.2414.
3484.17-8.1941.1494.234.3403.3414.1-
54.3441.392.3402.393.BTREE1.2403.2-
144.12 F1 13 (Rt & fE B AE 0. 000 — 0. 074 2 [i].
AJ LA SO TR AR BLAR SRR T R — b X R e AT R 2R £
KR, eAEANR (1) 53 3 s 6 WA [R] — M 4 Cg
PR AP AE AL A I S o DRI, AR IR R K
W Cg BIRRIMISE 00 R 5 M BRI W] S AH Gk .
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—
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Q R
P8 LS P7' P90 L9 P9 P9.1
- ——e
SPICEA UG CEUGEACCCUUC GCC CCUCUE Cun|
YANGI

e

—— A0 - AC - —~U ASISI AL AR CCACH.
i

—= A0 A0 O A0~ UAR SICULC AJE QUAAA]

g

" | T,

05 -

ALB-2
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P9.1 L9.1 P92 L92 PoO’
-
_ GUCHCGEAUAGCEC CCAUGITAGAR 1T TUCGGGACCEUCCANIGCCUCG COGUIC CAC GGOUCTIIAL - 600 %R[gé!i\ A CCUUCC GUAL 61z

SPICEA
YANGI

CG
CG417
MY

SBI
SPOP1
BTREEI
I-2
,,,,,,,,,,, CGs
CG34
04

03
ALB-2
CGLESPAC

BTREEI UCUIAUAL ACTUCA JOA GO CAC U CCCUAR ACCIIAT AY
uCUIAUACACCCAGEAGCGOAC CUICCCUE -

B2 Cg E#k 18S rDNA N & F 7589 bt
Fig. 2 Alignment of 18S rDNA intron sequences from Cg isolates. The SPICEA sequence is at the top. Nucleotides of the other
sequences that are identical to those in the SPICEA sequence are indicated by dashes. Gaps are indicated by dots. Differences are
indicated by lower case letters. Pairing regions of secondary structure are indicated by thin line, the end loops of each stem (pairing
regions) and P3, P3”, P7, P7°, P9.0, P9.0" are indicted by solid bars. The four conserved elements P, Q, R and S are indicted by

boxes surrounding the sequences.
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71

Cenococcum geophilum 1-7-11(AY818552)
Cenococcum geophilum3-10-3(AY818546)
Cenococcum geophilum 1-1-4(AY818571)
Cenococcum geophilum 1-7-7(AY818570)
88 | Cenococcum geophilum 1-19-1(AY818550)
Cenococcum geophilum 3-18-1(AY818568)
Cenococcum geophilum 2-3-1(AY818559)
Cenococcum geophilum 3-2-5(AY818561)

89

61

Cenococcum geophilum 3-11-1(AY818560)
Cenococcum geophilum 2-11-1(AY818553)
——  Cenococcum geophilum 2-6-1(AY818565)

95 Cenococcum geophilum MY (JX093577)
_iSI Cenococcum geophilum SB1(JX093578)
Cenococcum geophilum SPOP1(JX093579)

77 Cenococcum geophilum CGTAR(Z48537)
Cenococcum geophilum SPICEA(JX281795)

Cenococcum geophilum YANG1(1X093580)
Cenococcum geophilum CG(JX093576)

95 ' Cenococcum geophilum CG417(JX093575)

—— Cenococcum geophilum VE-95-12(DQ179119)

60

Cenococcum geophilum 155(748521)

90

Cenococcum geophilum HUNT-8(Z11998)
Cenococcum geophilum HUNT-9(Z48529)

Cenococcum geophilum CGPTL(Z48534)
4‘_[ Cenococcum geophilum ALB-2(Z48525)

Cenococcum geophilum S8-1(Z48536)

Cenococcum geophilum 010(Z48526)

Cenococcum geophilum CGLESPAC(Z48533)

70 Cenococcum geophilum CG54(1X093574)

Cenococcum geophilum CG5(1X093573)
75 “

Cenococcum geophilum UN(DQ474310)
Cenococcum geophilum 011(Z48527)
| Cenococcum geophilum O4(JX093581)

99 | Cenococcum geophilum 05(1X093582)
99 —— Cenococcum geophilum 1-5-4(AY818562)

Cenococcum geophilum 3-4-1TI(AY818548)

91 Cenococcum geophilum 1-7-8(AY818567)
4| Cenococcum geophilum 3-7-3(AY818564)

Cenococcum geophilum BTREE1(AY818563)

0.005

95 | Cenococcum geophilum 2-10-3(AY 818547
08 geop, ( )

Cenococcum geophilum 3-9-2(AY 818549)

94 Cenococcum geophilum 3-10-2(AY818558)
Cenococcum geophilum 2-14-4(AY818557)

87 | Cenococcum geophilum 1-2(AY818555)
Cenococcum geophilum 1-3(AY 818556)

3 45 4 Cg E#% 18S rDNA 1 [§ 4 F 5351 &9 Neighbor-Joining % % % &

Fig.3  NeighborJoining phylogenetic tree based on 18S rDNA intron sequences from Cg fortyfive isolates. The numbers at branch points

represent bootstrap values with 1,000 replicates. Only bootstrap values greater than 50% are shown. The scale bar represents 0. 005

substitutions per site. GenBank accession numbers are shown in parentheses.
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M3 B m] S R T AN [F) 35 32 Populus-
Betula Picea A1 Pinus [¥] 9 [E & & SPOP1. YANGI.
SB1.SPICEA Il MY 2§ ¢ 5% F 40T ; 1 >k s T AH [) 77
¥ Quercus )35 [E B #k 155.2-61.32-5.144.197
2414.3484.19-8.1941.1494.234.3403.3-
114.154.3441.392.3402.393. BTREEL .240-
3244412 1 13 KbAEAS [F] 40 32, AT SR
RN Cg TERRIMSRG KRS 2 1M A G
2.3 HAETFHZREHDHR

AWFTL 10 A B PE K& Ok K 35 A~ Cg WAk
18S rDNA H1 (1) Py 75 1 BURTEAZ T IR 7 51 22 il 380K
2SR g5 AT AL (B 4) o il i 2 AT
1 Cg WPk 18S xDNA H Py & 718 — g &5 i v 58
10 MFEERC A X (P1 - P10) , '8 A [RERIR G544, L
KL T2 0 S5 T AR S X PL QR AT S Gl & 4
B, Cg BRI & T IR 570 A N 51 5 )7 51
(IGS) , & AT LI o Ak Jik fic o 18 31 194 3y 1 b i 1
764 MESFX PLQR FIS 1, QR F1'S {72
B, P A A ik A8 4k (B 2) 5, iX 5 Shinohara 2%
(s — 3. 78 PS5 X 3K PS5, P5Sa, PSh, P5c, P5d
AR AE PO IR 37 S A7 2 AN EC S X 23 7 4 PO. 1 R
PO.2, Hrft PO. 1 IR A% 17 R )7 51 FH — 4] 45 # 35 A7 3¢
KZES (B2 K 5) o PO 1 45 Hfg 2 Fle iy
(AZIFN B ) (B5) . Bkk 04.05.154.3441.1-
7-8.373 f1 BTREE1L 1] P9. 1 3 A 7 (J& 5-A) , I
B3 ANRMEM P91 4 B AR (& 5-B) . 1T Cg W
Pk 18S rDNA w1 % 7 g0 25 M 1) PS A7 2 N e %
X (PSabed) 8k /> P7 ) %00 41 1e XF X (P7.1 Fi
P7.2) 2545, SN S THEB L T NS 710 1B
FIC B+,

3 Wi

FIH BN 1k, Cg WRIA PEAE, B T R4
FEVAAR, A5 38 25 IR PE ATl . PR AR T )2 A7
7EF B 4, Pontecorvo %5 Zf — IR 7E #) L i 5%
(Aspergillus nidulans) 7§38 T WE: A2 8 16 5 4% 1o
Pt B RLHE S R AT il A% il T BORUAS A () Az A
AT 225345 o W4 FSAESE T AR A k7 e
fE s AR B M A AE Y . RFIER BT Ce
FPAEREYE B3, fEH R 04.SPOP2.SPOP3 il CG5
1G4S BRANAS R 4% 1 B

Cg PR 18S tDNA T Ry 1~ (147 B AE 18S
rDNA 37 ¥, X Fll Gargas Z5 3R 18 ) Chlorella
ellipsoidea, C. mirabilis, Genicularia spirotaenia,
Hildebrandis rubra, Hymenoschyphus ericae, Mougeotia
scalaris, Phialophora americana, Pneumocystis carinii,
Porphyra spiralis var. amplifolia, Stanastrum sp. J1 1
BN T HIALE AR, SR VEZ TR & 7]
JAE 185 DNA [R3G e fr 8™ pry CiE i |
RN 1K) G A A = AR T 1) R 2 i 10 A
BREERC NS DX A A & 7 IR D A o e AT TR 7 ) 46
¥y53 2 3 A Eiky I8 P1 - P10 S5 My 3k AT IR 4 &
(% P1.P2.P10) . P4 — P6 45 fiyda 78 24 ) 1 1) 15 22
(45 P4.P5.P6) FI P3 — PO AL E5#18 (5 P3.PT.
P8.P9) B2 p1 L i TR AN BT
J8o A2 LT FeAT A& 51K S BT DI i AT GU Bl X ;
PLO 2l NN E T 5 A& TR . TN 1
fiEfk et PS - P4 — P6 Al P7 — P3 — P8 JL Al ¥4 1k
FCp e PTop A7 S Al TR 10 45 5 A7 R (G-C gk
XF) 2 P3 LLJ 5 P3AHEEIIHE 4 P2 Rl P4 JE B ity
ARG [ 58 537 v 0 (N T)) — JA), 3K 16 45 ) o A
WA R E S T RN 1w AR ST 100 1 45 1
e BT EAEN S T B R T 2 AR A = Lk
PR T7e BRT 10 MRSFHIECR X A0, 25 TR &
TR A LG, AT Cg WHRN &1
1) PSabed 1 P9. 1 —P9. 2. iX 6 J& i 45 ) fu B 40
OSSR AR, — R TR EAT TR LA E R O S5 4
XA T U 6 B T R R A
SER I 225 1 R S AT 4 O 13 ANIE AL, 4 TAT
IB1\ICT 35, A S RIAE W R Y2 AR ST 1. T3 4h, £E
VP2 TR 3 1 1 30 45 kg v R AT B 9 1) )
H) TSP B HE A NP 1 3K 3 B 5 T B
MR AR B BOR 22 5 iAW I Cg AR A
TR PO T S

Shinohara S5 H] {8 57 X P Q<R #1 S B 1R )7
B, 48 Cg Wtk 18S rDNA H )y 5 7 CRUE T B Bk
ALB=2.010.011. 155, CGLESPAC. CGPIL. CGTAR.
HUNT-8 HUNT-9 Fil S84) 15 11 AN ilF A (IA1.1A2.
IA3.IB1.1B2.1B3.1B4.1C1.1C2.1C3 #I ID) N &
THAT ARG E M, BRI S Cg Wbk 18S rDNA
W& T Z IR RGR B R AR, B efln gk
PR IF iz & 75 101 AR &R
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Group introns in 18S rDNA of Cenococcum geophilum
Fr.

Ting Wang, Lihong Chen’
College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010019, China

Abstract: [Objective] To analyze the sequences and secondary structure of group- introns in 18S rDNA of Cenococcum
geophilum, and to study the factors effecting Cg genetic diversity. [Method] The 3” end region of 18S rDNA were
amplified from twenty-three Cg isolates, and the PCR fragments from thirteen isolates were sequenced. The Neighbor—
Joining phylogenetic analyses were performed using MAGE version 4.0, and the secondary structures of the Cg introns
were predicted using Mfold. [Result] The results showed that fourteen out of nineteen Cg isolates originated in China had
group introns in 18S rDNA. Their sequences, ranging in size from 488 to 590 nucleotides, were from 92.3% to 100%
similar to each other from our data and GenBank data. The 5 end sequences of the introns were conserved, while the 3~
end sequences were variable. The analysis of secondary structure indicated all the introns from fortyfive Cg isolates
contained ten pairing regions (P1 — P10) . The P5 region was composed of P5,P5a, PSh, P5c and P5d, and there were two
extra pairing stems (P9. 1.P9.2) besides the 3~ end of P9. [Conclusion] It was suggested that Cg had rich genetic
diversity, and we did not found the relationship between Cg genetic variation and its geographical and host origination.

Keywords: Cenococcum geophilum Fr. , Group intron, Secondary structure, Genetic diversity
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