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Phylogeny and Genetic Diversity of Annulohypoxylon spp.
Paired with Cultivated Tremella fuciformis Berk.
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Abstract: [Objective] The aim of this paper is to study the classification and genetic diversity of Xianghui and to provide
biological information on utilization and breeding of Xianghui. [Method] The phylogeny of 16 strains of Xianghui, which were
collected from different provinces and paired with cultivated Tremella, was determined by ITS sequences analysis. Furthermore, the
genetic diversity of these strains was analyzed by inter-simple sequence repeat (ISSR). [Result] The ITS sequences of the 16 strains
were analyzed and the phylogenic tree was constructed, and the results revealed that the homology between Xianghui and
Annulohypoxylon stygium was 99%. Among the 70 ISSR primers, 11 with high polymorphism were selected and a total of 62 ISSR
markers were obtained. At 0.7 similarity distance, cluster analysis revealed the existence of five distinct genetic groups.

[ Conclusion] The 16 strains of Annulohypoxylon spp. investigated showed low genetic similarity and genetic variations at DNA
level significantly.
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JEY M e, WK RS T A, o A,
T A1 J& (1) —Fl (Hypoxylon sp.) , BJ&, AR
W 1R 8 Hypoxylon [FIGYERY BL, a4 h
Gliocladium virens'; BB LR I SR HIL [ AR K
F140 7 VR BT BT 44 0 A AU AH R (Filobasidiella
xianghuijun Zang) ', fHAA5 AN KA KB Al a2
R, wIResRE Tk Bk G)E, f 3—4
B, Horh—Rh 2 5 e 95 & BT /R 1% 1 (Hypoxylon
archeri) U, = St 2@ X 1 bR KB TS J7415
¥, IAAFE DNA JKF L, %& KW Hypoxylon
stygium fRAAI. H G S F KR i, AR
TR BRAR A KR 22 ST oe 1O BRIk W g
SR B AE K st R B A B 3y T A, A
B KW Gy SR o T8t 20 R Rl 08 06 75 TP AT 3R

x1 HLEREK

ZHF VAT A CADIVIA ST KR
AT AT R PRI B2 — o T AR R 22
IRGRIFIOS T R, — EORRERE A YRR BL, 25000
KGR 2 TR Z MR, A3 7 hRid SR AT
A (R 73 WP FUE BEVE T S DR ok 1) S )
Y R ITS JFH045 T ISSR BOAR, 238 & AT 1
RAKE, IFRATRAEZREET, DU & KR
BRI ELAE AU AR R 7 AT ol ol 7 S5 e A3
W o

1 #8573

1.1 #lER
WA 1 AN ] s DX R AR FE A 7 KT 16
B, BlE RIS . RIEAE LR 1.

Table 1  Strains of Xianghui tested in this study
BItRS Wtk A
Strain code  Strain Origin
1 wsw07-1 U148 AR ML L2 B - S BRI ST BT Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences
2 xhnj03 PU 1148 # YT B Nanjiang County, Sichuan Province
3 xhtj524 DU 148 AR ML L2 B - S BRI ST BT Soil and Fertilizer Institute, Sichuan Academy of Agricultural Sciences
4 101 &K 101 Xianghui U148 YT 245 FH Fuyang, Tongjiang County, Sichuan Province
5 1-2 /K 1-2 Xianghui JHYTAR EERL2=WEFUT Institute of Tremella, Tongjiang Academy
6 3#A K 3# Xianghui JHYTAR EERL2AWEFUT Institute of Tremella, Tongjiang Academy
7 Hp-Sp001 AR M2 Fujian Agriculture and Forestry University
8 IR K Yinhuan Xianghui — JBYTARERLZERESFTN Institute of Tremella, Tongjiang Academy
9 05/08 Xianghui AT T & ST Institute of Edible Fungi of Wuhan Xinyu
10 88 Xianghui #%k Fujian Province
11 9901 A =W LIS Institute of Fungi of Fujian Sanming
12 Henan Xianghui VA 5 4 BH EL B F ST T Institute of Edible Fungi of Henan Biyang
13 2007 ifi{T. 2007 Tongjiang DY IAB T 35 # H-RC X 75 /K Tongjiang, Sichuan, cultivated strains
14 23 F /K 23 Xianghui FEE4 1 & Gutian County, Fujian Province
15 TAk 03 Yulin 03 ferpfll K2 Huazhong Agricultural University
16 T29 A% i F Gutian County, Fujian Province
1.2 R i, 25 CHEIR 10 do FGEETRIT O BT 22 AT D 1R DR AR

ARG HTH Taq DNA 3401 ANTPs 114 H 57 58
f) MBI Fermentas /A @], ISSR 5|41 LifpA T A T
FEHEANR 25T B2 7] A5 e e AR 1 R 17 K AR
AR F AT
1.3 BREMEFSELKRKE

T IR AR A P2 N8 25 miL Ty 4% B B v A4 1
A (15 20%, 2%, 7K 1000 mL) (=K

TR, 20CIRAF&
1.4 DNAEH

W44k DNA (IR S CTAB vA'EEAT, &4k
Hedk. B S0 mg P22, IMNTRAEMTES SOk AR, I
600 uL CTAB $hi#2¢# (2% CTAB, 100 mmol Tris-HCI
(pH 8.0) , 20 mmol EDTA, 1.4 mol NaCl, pH 8.0,
2% B-SFE L) L, 65T 1 he FEHEE T IMA
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650 pL S-S (24 0 1), RAIJEBLE R,
FE R 1 8, 7 L3S 1 mL CTAB JiiEl
[1% CTAB, 50 mmol Tris-HCl (pH 8.0) , 10 mmol
EDTA], =#JE 30 min, 12 000 r/min &0 4 min,
8] B35, Byl T 400 pL 5k TE[10 mmol
Tris-HCI (pH 8.0) , 0.1 mmol EDTA, 1 mol NaCl],
37°C30 min ¥f#. NP AF AR -20°C oK S BELE
“20°CYLYE 2 h, 12000 r/min B0 5 min, XTSI
80 uL TE. H{ 4 uL DNA 7£ 1.5% Bifleiidtfie ik,
) 4x DNA-20CHR-AE% ]
1.5 ITS 9#f

DL ITS 3@ 5149 ITS41TS5 % 16 A& K E T
PCR 43#T.1TS4: 5'-TCCTCCGCTTATTGATATGC-3,
ITS5: 5'-GGAAGTAAAAGTCGTAACAAGG-3'. "
B W AR ZR N 30 uL W, ANTPs 0.3 mmol- L, Ex
Taq DNA &0 1 U, Bkt DNA 40 ng, 3 uL 10X
Buffer[200 mmol-L™" Tris-HCI; 100 mmol-L" (NH,),SO4;
200 mmol-L'KCl; 15 mmol-L" MgCl,], ITS4/ITS5 7|
Y 02 pumolL's RMNFEFH: 94°C 5 min, )5
94°C30 s, 54°C45 s, 72°C 1min, 35 MEIK, &Jq
72°C FAEAH 6 min. 3G 7 H) 1.5%BEARBE BRI UK,
T Invitrogen A )%} ITS PCR P9 H 207, N
MEGA4.0 AFATF 405087
1.6  ISSR-PCR

P N AKR N 20 uL & MW, dNTPs 0.2
mmol-L™', Primer 0.2 umol'L", Ex Taq DNA R4 1
U, Fi# DNA 40 ng, 2 pL 10 X Buffer[200
mmol-L ' Tris-HCl ; 100 mmol'L™" (NH4),SO4: 200
mmol-L" KCI; 15 mmol-L™' MgCl,]. M 70 4> ISSR 7|
Y, JLTRE 2 AL YA EWNS I 1
A (R o RNFEFA: 94°C TAETE S min, K5
94°C30 s, MIMNIEKIELE 45s, 72°C 1.5 min, 35 4
TEEN, ft) 72°C N AEMH 6 min. 4194 1.5%55 Ig b
IR LK o
1.7 HURSH

RARBWIRET MEGA 4.0 28, NI
R RIS T IO, EA AL E A
FAEk 1, JEAHFIEh 0, MEWIAEIEAFE,
NTSYSpe 2.1 TP EESE: UPGMA ik
ITERE T, FHREEE,

2 “#R
2.1 ITS FHIRIRMES TR ARSKABERBVEL

£2 FHEHAY 114D ISSRIIMREIBRIEE
Table 2 The 11 selected ISSR primers and their annealing

temperature

5195 FFHI(5-3) K E(C)
Primer No. Sequence (5'-3") Annealing temperature
UBC817 (CA)A 52
UBCS818 (CA)sG 54
UBC827 (ACxq 54
UBCS830 (TG)sG 54
UBCS831 (ACC)s 62
UBC832 (AGC)s 62
UBCS835 (CCG)s 75
UBC837 (GGC)s 75
UBCS851 GGGT(GGGGT),G 62
UBC864 (CAC),GC 46
UBCS865 (AG)CC 52

PEABERRD) ITS WP &5 R BoR, PR 880
—891 bp A%E, Fifd 16 AW EMF A i A8
GenBank, RN 5704 FI848850—FI848865.
N MEGA4.0 A5 ITS FEFIHEAT LEXE o0 #4551
KW, 16 BRE P22 4R/, A 876 bp AIH], U7
e RA RN, B ITS 7K 16 PRE TR A
— APl N 16 BRTE R XHL A 482, 55 GenBank
Kt P2 RS RBURTNY, BERR IR ITS R AT LR, LA sE
BTN ARG K EHAL. ] MEGA4.0 MERGR T
B 1D o IWE T AEH, #FKE S Annulohypoxylon
stygium (EU272517) & FE g, AHALPEIS 99%.
2.2 ISSR BEHNIR

70 G EIE S 11 45514, Al 58 s
HEZ&MER 62 4 ISSR Frid, ¥ G Fric M
DNA J B 18 RK/ANEWIEH 250—2 000 bp,
Hrp 27 S50 16 BEF K F Y G455 wE 2 fr
No ISSR KK EIR, 16 A& KF AR
HAT 0.62—0.89 U, AR KRIIBAL TS 558 4 A0 [F] 1)
BFk. LIRS 0.7 &b, Wk 16 BREKE
5 AN ISSR dstfEe (K 3) o Hi A 4l 7 AN
MR R,  ELFE DY ] = B E A B A AR wswO7-1
Fr K xhnjo3. xhtj524. 101 K. 2007 JWITEE, M
3 DA AT AR AR R i 0.74; BLCLE 4
Bith 2 AR, B 4L Hp-Sp001. T29 #2k
B, eAlIALLRECh 0.74; C 411 88, 9901
Bk AameE, FUURECH 0.71; E 4100 23 HAME
PR 03 AAUFEFE SRR, ALREOL 0.89; D 4l 3 4
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Nodulisporium sp. (AF201760)

Creosphaeria fras (AJ390425)

Anthostomella eucalyptorum (AM922205)

Coniolariella hispanica (F1172294)

Daldinia eschscholzii (F1624265)
Xylaria hypoxylon (AY327477)

Podosordaria tulasnei (AYS572970)
Nemania abortiva (F1172270)
Rosellinia quercina (AB017661)

r Annulohypoxylon stygium (EU272517)
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M: DL2000; 1—16 5ki: 1—16 S Wtk
M: DL2000; lanes 1-16: strains No.1 to No.16

B2 3|4 27 SYBHIKERER ISR IELEL

Fig. 2 ISSR fingerprinting profiles of Annulohypoxylon spp.

strains amplified with primer 27

Agaricus bisporus (F]1223228)
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The phylogenetic tree based on ITS sequences
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1954 LK, H RE KF 5 FH AT — B AR
W, T EEERI R N B ) S e TR T
BIIELE . (DNA [P IBGIX ITS, F1ITS, 14 4F
B, ARZ IR 1 EUN, AR, 4
KEZH N EAL ED R TN T Z P52 4
PR, JEA RN Tl AR —2, a2 e LR 2 .
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Fig. 3 Dendrogram of cluster among 16 Annulohypoxylon spp. strains based on ISSR analysis
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P ) ol TR B Rh P 22 e B S R R R (R ) R GE R B K
RN, O RN T ERENRGR G,

KA RFRI], 16 BA KBS MEGA4.0 K
AT A% 55 (aligment) , MERZKEW, W
7N 16 FREE ITS  BA R s R, Hih 876 bp AHIH,
CE RIUMIEEA 255, v LAk 8 Tl 9 AN [F] TR A
(B FE 22 Va6 ITS /Kb, FEARAT R e Tl
PRGN [F]— AN o IX R W e [ 2 i A AR = oh
KA KE R ZJE T F— A EY R XS HERY
feth, FKE W REA L B — PR, A 3—4 B A
A= T AR A AL B R R A2 5=
TR AR RO A K T T AR, T DU A A R B R
S5 T EAREIRAE AL “R SR, KRS
FEAE 1AL R, 7528 RN IIE [, 4 6
TfiE o

Wik ITS AR E T, Al 16 MRtk
GenBank J7 4 LLXS (45 LW, Ml F KBS
Annulohypoxylon stygium Jet4% # 25 5r, AL ik
99%, HEAH] LUAIE A [F] M. A4 Hsieh S5HF5T45
., AN Annulohypoxylon stygium B4 Hypoxylon
stygium!" "o AT ST 45 SR SO B K S
Hypoxylon stygium R AHBUEI ML 2515,

AR E A K RO AR HR A A e
Bkt RS T, IR AR R T ik
TR, Oy R AR AT R, Mz
& H A KRS 2 B AR T4, 53— J7
B 7 A T A DT AS 21O PR A 7 2R 25 N A
gy, PURES 5 KR RO HLEEANT , AR AR
RO R E JH I, SERE, TAEZER. P EEH
X HArE AR E AR E . FAREE . BRI
%, R EE R W, S IR A 2
— R HBERR .

EHMEN, L KA SR E R, w)
REAE AN RS 0 B K A S A7 A — € R ek, X
R CL R R R e A B e R A
(RRE VRS 2 0 1o TR TRV RE e PR A R VR )
HUNKELZ —, WGT K53 BT AN [R5 1R 7 2K B 1t
FE 225, AR RERC ML R AR I .

ISSR FRiC A ERI H EAZ AW IR A )2 A7
TEMTR PR P4, vt i [ ] PR P A A A |
YOI HERIZH DNA AT B 1070, 2 — R 54T
FAE AR 2 B Fhaid™. I UEZEAR D
SRR EMN, JEAE BTN ol

SN I N Sl N 1/ G NI | P S e 2 e
WyisiAte 22 REXE S M o FEEl T o

AR ISSR 15 P00 Ho [l A T 0t U5 EA 7 3
e FEVEI M. A RN, R AR E O 1) A K
RS TR RIS 2 BRI, RO AR A B 100%
BRR, femARE 89%. [T, PR SR T 78
HER AT Bk EE, FEREARIRE 0.7 A, WDk
PEAB BRI N 5 A ISSR R4, AR H X
SR LSRR HAR B ) LR bR, 4R 7E B, C.
E Ao PU)IGETTARF X, DA 3 (K bk
SEOMAGAE A AN D o R[] — DI P [ BT RR A A 2L
TS et T AN [ DX ORI 1) B AT o 2B AERIT T PR A B
P AR AR A RS, AR T 54
MR 22 5 G BOR N IR I 22 5, X2 5 S B
AW ZE AU I 2258, e 2R BRI T B R HE 1
Hefto FERE— I TAE, R H PR A 30 % 22 5 adk
173 HT, KA B T RO HLEE BT T o

4 i

RWEFCR o FLER) D538, e B AR R
) BT ) 75 2K W44 O[5 — A Bl BD Annulohypoxylon
stygium. BFFTEE R IR, N R E e 2
FEPE, BRI AT 2 o[RS A6 Bkt AT b
RO IR S, AN IR = DX i A B8 20 501 5 R AN T 1)
ISSR IBtAB 41 . HEM 7 2K AT 1) i8t A% 22 57t 5 A HE O )
T AT — 52 ARG
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