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Molecular identification of Sanghuangporus species S. sanghuang and S. vaninii

SONG Ji-Ling', LUNa', WANG Wei-Ke', YUAN Wei-Dong', LI Hai-Bo*,
CHENG Jun-Wen?, KANG Xue-Ping®, YAN Jing'
(1. Hangzhou Acdemy of Agricultural Sciences, Hangzhou 310024, China; 2. Zhejiang Academy of Forestry,
Hangzhou 310023, China; 3. Yanbian Academy of Agricultural Sciences, Yanji 133001, China)

Abstract: For accurate identification of three relative Sanghuang porus species including S. sanghuang ,
S. vaninii and S. baumii, the phylogenetic analysis and molecular recognition of relative Sanghuang-
porus species were performed based on the internal transcribed spacer (ITS) sequence of the ribosome
rDNA. NJ phylogenetic tree indicated that 23 S. sanghuang strains, 11 S. wvaninii strains and 6 S. bau-
mii strains formed three independent clades with a high bootstrap support rate, and the obvious differ-
ences among the three relative species were presented. Based on the difference in rDNA ITS sequence a-
lignment of S. sanghuang and S. vaninii, two pairs of primers, Sv_U1/Sv_L and Sv_U2/Sv_L, were
designed, which can specifically amplify two ITS fragments of 478 bp and 651 bp only from S. vaninii.
but not from S. sanghuang, indicating that this method can be effectively used for the molecular recog-

nition of the two relative Sanghuang porus species. This study provides the evidence for the phylogenetic
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relationship of Sanghuang porus genus, and an effective molecular assisted tool for the precise recogni-

tion of relative Sanghuang porus species.

Keywords: Sanghuang porus;ldentification; Taxonomy; 1TS;Specific primers
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RBE M2 B AR RIS
T ERE G Fungi. 8 7 &[] Basidiomycota . <px [# 44
Agaricomycetes. &5 %5 L # H Hymenochaetaceae,
2 ¥ L I Bl Hymenochaetaceae, & ¥ J& sang-
huang porus, REA KRG (Morus) #4  HT
SRS EEAE €O A5 4 TECEG PRI ) L (AR
FOFCH A AR 20 ) 85 T AR R A rh YA 5 Je
HZGR A IC 2. BRI s R, R R
35 B HTIIRE P AEAL oR s T RN R BT A
VEF s 52 6 B 2 A ) A 0 B R 4R 7= i 0L B8
Shy 1 P A B 24y 350 A DR A G AT AT A R AR R

H TGS A SR8 B A 12 Fh, Horh 7 AN Fh
TEPEA A 73 B e ISR BE S, alpinus e H
FZE S, baumit LB AZFEEE S, lonicericola . 5%
W8 S, sanghuang MW R S, vaninii R
WFW S, weigelae MIFFX FH S, zonatust™. I
KEF T LAY 2 BEIE , HRTE RS RE B
0 EAAAE A2 5 AR S T8 2SR AR ME T
W8 AR A4 28008 . R HE X AR AE FR A
S b il TR SRR W ) 52 5
TSR R A5 1 S e 7T 35 U0 O B
2. XTI ORI 0 TR A AL F SR R
5B S E LA ES X 53 BRI AL 20 F R
Bl e R R WA A EEE L

FLRAZREA L rDNA #9755 5 A X (Inter-
nal Transcribed Spacers, I'TS) %1 i T 34k 3 &R
PR P AN 5 195 B BT B T R
B R G B /BT R 8] 1) o7 S5 e kg 1.
TEAAIE 5, AT WA /Y 36 > 5% BB AR 2R AT
ITS Iy, T R 58 A SRR S S8
ITS JFHI AT R G L B MHE, MR AR R AL
B R G R B LR IMEIEYE ; IF i — 2Pl it TS
JF 9B 1) L 48 i ITS KR 514, S
LA 1 [0 B 31 S A T S A B Y 03 7 B T B

2 MBRERAE

2.1 fhlara
PR PRIL 36 4>, Horh 23 At F 34 3

|1

TR R K 01X, 13 03 R AE B Wi VLA Hb
DX ERPRAE UM A AL BT T BE (R D).

F1 HATFAHREK 6 MEUSREE
Thirty-six Sanghuang porus strains used in

Tab. 1
this study

R RS

Number Strain Number iR Source

1 SH1 SRAE TR 2 AT

2 SH2 SRAE TR 5 A UM

3 SH3 RAE TG4 i

4 SH4 KA T BN

5 SH5 SRAETFAR I R AT

6 SH6 KA T LRI AT

7 SH7 SRR TR AT

8 SHS8 R A T RER T

9 SH9 R T EELRER L AN

10 SH10 KA TR R B

11 SH11 SRAE T MTTAL AT

12 SH12 KA T UM

13 SH13 KA T 2 UM

14 SH14 GlEi S REN T Et /IS

15 SH15 53l T A T

16 SH16 F13EF A8 4l B AR5 B
17 SH17 51T i

18 SH18 G TR TS B

19 SH19 Sl TRl R

20 SH20 Sl TRl R

21 SH21 Sl PRl K

22 SH22 Sl PRl K

23 SH23 G T O A A P T O O
24 SH24 G T O A A P T O
25 SH25 ST A fA AR T B
26 SH26 G HEF R

27 SH27 gl F BV

28 SH28 ST AR AT ARV FBLE R I e
29 SH29 ElEiSES

30 SH30 TR

31 SH31 5T

32 SH32 SIHEFNE  ER

33 SH33 51k

34 SH34 5t F AT Tk KA

35 SH35 ST IR IE BE

36 SH36 Sl TR
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2.2.1 wzgzA ARG T PDA

SR, MAE PDA e EREFE 7 d B P50 I 2
mm X2 mm [ B 22 8¢, $EFpF PDA R8s 7% 3L
WL TR 27 TCHE SR 10 d R 22, ToRDK IR PR
FATCRUEARE T 7K 43 . T —80 “CLRAE# .

2.2.2 AR DNARR HO0.5 g mZIEK,RH
LA I 40 DNA $2 LA £ (BioTeke,
65O $EH DNA. $#2 B 9 DNA 28 NanoDrop™
2000 ( Nanodrop Technologies, South ILogan,
Utah, USAE W, It 2 1. 520 B IR FHEE I FL
PRGN . F—20°C 175 .

2.2.3 rDNA ITS #3 20pL ITS-PCR ¥ 14/
MAKZ K . 2 X TSINGKE Master Mix 10 pL, ITS
IR 1 pl, 20 ng « pl A DNA 3 pl,
ddH,O 5 pl. ¥ 34 5 ) 78 Life ECO B 4™ 14 Y
(Bioer, bi/H 1l H B 147,94 “CHUAEE 6 min
J5 394 CARPE 40 5,54, 8 “CIR K 40 5,72 “CHEAf 2
min, 3 30 MER; )5 T 72 CHF 7 min, & gk
MR 4 °C.

2.2.4 rDNA ITS F5)89 f eAaml R 8
e WEEE e DNA LR & (TIANGE, Jb 3t K
HRO M 1. 5260 B BB A8 e v mlili TTS J Bt. 1TSS
F Bt Y5 pGEM-Teasy #iffif4z, 4 Cilk. 4™
YIEEAL T R I AT B B2 S 40 DHSo . &8 A
BEA e S » B RE S A BEALPRE 5 A BHME: ve B s o
PO R A YRR 58 BT

2.2.5 RBAEFHN 36 DARUWIMFER ITS ¥

F# R 16 4> GenBank T ##y 1TS F 51, 3k 52
NFINHTRGE LB 5007, 16 A 1TS JF 51 h# &
BLAE e AR S E LR LR A R (S, sang-
huang. S. wvaninii F'S. baumii) i) rDNA JF31],
45 S. sanghuang JF 5 6 > (Accession nos.
AF534064. 1., JN642576. 1, JN642577. 1, JN642586. 1,
JN642589. 1 F1 JN794061. 1), S. waninii J¥41 4 4~
( Accession nos. HM584811.1, HM584811. 1,
JN642591. 1 A1 JN642593. 1), S. baumii J¥51) 6
A~ (Accession nos. HM584807. 1, JN642565. 1.
JN642567. 1, JN642568.1, JN642570.1 F1 JX
069836. 1).

K H Clustal X v. 1. 8" %f 52 4~ ITS 41 ik
17 23X HEF (multiple alignments). i MEGA
v. 5. M AT R4 & 40 M7 » LA Kimura 2-parame-
ter SRS AL IR BT T A XL HES 25 R b iy =3
PEAE 5¢ 4 M B Ak B, FH NJ 3 (Neighbor-joining
method) #4 8 2 4t yE AL JE L, Bootstrap testing
A 1000 replic-ates.
2.2.6 ITS# 51351kt 5 PCR ¥3¢  RIPEH
WHEMW S. sanghuang ' S. vaninii #) ITS FE5 H
Xop gt e &R T S, sanghuang F1°S. vani-
nii [ ITS K¢ 5519, 51901501k A Oligo 6. 54 %k
PF(MBL, USA) 519G 18 B e M BRI B A 4
ARA R F 5. A ITS F 57596 5268 HH
f) PCR #2881, 4 (DNA ITS §34”. il i %4
P2 PCR J IR IR E UG X ITS ¥ 5514
X1 i R AR JORLEE (R 2).

K2 MRS, sanghuang 5S. wvaninii B ITS S| FEIN R EFERNEE

Tab. 2 Sequence of ITS primers used for distinguishing S. sanghuang from S. waninii and its optimal annealing temperature

B KR

Annealing temperature(°'C)

Pt S, vaninii BB
Amplified fragment from S. vaninii (bp)

ITS51%Y) ¥4
ITS primer Sequence(5'-3")
Sv_Ul GAGTGCGTCGGGTGAAGACT
Sv_L AGGAGGTAACAACAACTCCTT
Sv_U2 TGCGCATGTGCACGGCCTT
Sv_L AGGAGGTAACAACAACTCCTT

54. 8 S. vaninii (478)

54.8 S. vaninii (651)

TE 7 U A LAY REE B R ITS #6514, 7 Sv LR 5 i

Note: The letters U and L refer to the specific upstream and downstream primer for the ITS region, respectively. The letter Sv refer to S. waninii

3 GRE54SH

3.1 EF DNAITS B RESZEEE NI
HTF 52 A-RuE EHE Y ITS #9547 B |
H R 52 (Dataset) SILAL 5 T 744 AR FEA7 A4

Horp R 57457 5 (conserved) 370 4>, A8 A /i (varia-
ble) 337 4>, faj 18 B {if /5 (parsimony informa-
tive) 104 4>, BAZE AR {3/ 15 (singleton) 226 4~ NJ &
GERBERE D BR. 49 MR T 3 DML
KB Group [ .Group I 1 Group Il 50536 & T
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29 4~ S. sanghuang W ¥ (4t # #k SH1 ~
SH23) .14 4~ S. waninii Witk (BHAH t SH24~
SH33) .6 1~ S. bawmii FHM 3 56 H LS
T PR (3 B Ak SH34 ~ SH36., 43 5l o Sang-
huang porus spp .Cordyceps militaris F Trametes
hirsuta) ,Group | .Group [l #1 Group Il #%) Boot-
strap SCRERRAMI 9920.99 V01 9876, XK H S.
sanghuang .\ S. vaninii f S. baumii X = # H
W R AFAE B 8. 22 5%, H S, sanghuang 5 S.
vaninii W3EL R R S, baumii . X 5
FRE b =0 L W AFAE A 28170 22 031 L L B 2 HE R e
FIAS ) AT — S
3.2 ITS %5%514&it

Xf 6 A S. waninii @bk (SH24, SH26, SH27
SH28,SH30, SH32) il 6 4~ S. sanghuang W ¥k
(SH1.SH2.SH14,SH16.,SH18.,SH23) ll J¥ 3515
1) 12 A~ 1TSS Jpal g 2 Em XS A= T 820 /i
B ARG XL BB R 1Y 22 e LS B T
TS I S, vaninii WARTT AP 1 S, sang-
huang WFXT ITS 514 Sv_U1/Sv_L i1 Sv_U2/
Sv_L. & 2 7R T _EUr51%) Sv_UL Frfe 4 241
~300 fL A X B, BRSS9 Sv_U2 FRTERY S 1
~60 1 IXBE LUK TS 9 SS_L ey 2 721
~780 o7 S5 IX Bt WX TTS 45 5o | Wy i ik 35 5 371
1B KR KB 1TS B B PR L 2.

SH14 "TTTGAAAG CG--AGACCTGCTGCTGGTGCGAAA=--=-- TCGCGCATGTGCACGGTCTTGC“ gf‘cGTTAGGTAGCCTTTCGAAAATGAAAGCGAG ------ TGCGTCGGGTGAAGACTTCG}G“n ?C‘G CGTCGTCGGACAAGGAGTC.
SH16  TTTGAAAGCG--AGACCTGCTGCTGGTGCGAAA=----- TCGCGCATGTGCACGGTCTTC  CTCGTTAGGTAGCCTTTCGAAAATGAAAGCGAG------ TGCGTCGGGTGAAGACTTCGG CCGCGTCGTCGGACAAGGAGTC:
SH1  TTTGAAAGCG--AGACCTGCTGCTGGTGCGAAA=-==-- TCGCGCATGTGCACGGTCTTC  CTCGTTAGGTAGCCTTTCGAAAATGAAAGCGAG---==- TGCGTCGGGTGAAGACTTCGG CCGCGTCGTCGGACAAGGAGTC:
SH2  TTTGAAAGCG--AGACCTGCTGCTGGTGCGAAA---==- TCGCGCATGTGCACGGTCTTC  CTCGTTAGGTAGCCTTTCGAAAATGAAAGCGAG---=-- TGCGTCGGGTGAAGACTTCGG CCGCGTCGTCGGACAAGGAGTC:
SH18 TTTGAAAGCG--AGACCTGCTGCTGGTGCGAAA--==-- TCGCGCATGTGCACGGTCTTC  CTCGTTAGGTAGCCTTTCGAAAATGAAAGCGAG---=-- TGCGTCGGGTGAAGACTTCGG CCGCGTCGTCGGACAAGGAGTC
SH23 TTTGAAAGCG--AGACCTGCTGCTGGTGCGAAA------ TCGCGCATGTGCACGGTCTTC  CTCGTTAGGTAGCCTTTCGAAAATGAAAGCGAG------ TGCGTCGGGTGAAGACTTCGG CCGCGTCGTCGGACAAGGAGTC------ACCTC----CTTCTTGACACCTTTGACCTCAA

S.sanghuang JN642589.1.China
S.sanghuang JN794061.1.China
S.sanghuang JN642577.1.Japan
S.sanghuang AF534064.1.Korea
S.sanghuang IN642576.1. Japan
S.sanghuang SHS.China

S.sanghuang S

S.sanghuang SH3.China
S.sanghuang SH23.China
S.sanghuang SH1.China

S.sanghuane SH16.China
S.sanghuang SH2.China Group 1
S.sanghuang SH18.China
99 5.sanghuang SH14.China
S.sanghuang SHT.China

Sanghuangporue
sanghuang

S.sanghuang SH10.China
S.sanghuang SH13.China
S.sanghuang SH21.China
S.sanghuang SH11.China
S.sanghuang SH20.China
S.sanghuang SH12.China
S.sanghuang SH22.China
36| | S-sanghuang sw.

S.sanghuang S!
S.sanghuang SHO.
S.sanghuang SH19.China
S.sanghuang SH17.Korea
S.sanghuang SH15.China
S.sanghuang IN642586.1.China
[ Ssep. SH34.China

48

99

Group Il

S.vaninii IN642591.1.China
Swvaninii SH27.China Sanghuangporue

N642590.1.China

vaninii

S.vaninii SH33.China
S.vaninii SH31.China
S.vaninii SH32.China

5[ S.baumii IN642567.1.China
S.baumii HM584807.1.China

Group Il
S.baumii IN642568.1.China

S.baumii IN642570.1.China
S.baumii IN642565.1.China baumii
S.baumii JX069836.1.China
C.militarisSH35.China
0,05 Thirsuta SH36China

Bl A TH¥E/EAA DNAITS 55 e 244 F #t
%] Kimura two-parameter distance mode; 5¢ 4> 5% ; boot-
strap=1000; F7 [A] (AL bootstrap {H (Ik F 50 AYEE A
VR
Fig. 1

Sanghuangporue

OutGroup

Neighbor-joining phylogenetic tree generated
for Sanghuang porus species based on rDNA
ITS sequences

Nucleotide; Kimura two-parameter distance model, com-
plete deletion, bootstrap=1000; the numbers in each node
represent bootstrap support values (those lower than 50 are
not shown).

----CTTCTTGACACCTTTGACCTCAZM
-+--CTTCTTGACACCTTTGACCTCAA
-+--CTTCTTGACACCTTTGACCTCAA
-==-CTTCTTGACACCTTTGACCTCAA
--=-CTTCTTGACACCTTTGACCTCAA

S. sanghuang
SH24 TTTGAAAGCG--AGACTTGCTGCTGGCGCGAATGAATTTTTGCGCATGTGCACGGCCTTC
SH26  TTTGAAAGCG--AGACTTGCTGCTGGCGCGAATGAATTTTTGCGCATGTGCACGGCCTTC
S, vani SH32 TTTGAAAGCG--AGACTTGCTGCTGGCGCGAATGAATTTTTGCGCATGTGCACGGCCTTC

SH27

SH28

SH30

TTTGAAAGCG--AGACTTGCTGCTGGCGCGAATGAAATT TTGCGCATGTGCACGGCCTTC
TTTGAAAGCG-AGACTTGCTGCTGGCGCGAATGAAATTTTGCGCATGTGCACGGCCTTC
TTTGAAAGCGCGAGACTTGCTGCTGGCGCGAATGAATTTTTGCGCATGTGCACGGCCTTT

—>svu2

CTCGTTAGGTAACCCTTCGAAAATGAAAGCGAGCGGGAGTGCGTCGGGTGAAGACTTGGG
CTCGTTAGGTAACCCTTCGAAAATGAAAGCGAGCGGGAGTGCGTCGGGTGAAGACTTGGG
CTCGTTAGGTAACCCTTCGAAAATGAAAGCGAGCGGGAGTGCGTCGGGTGAAGACTTGGG
CTCGTTAGGTAACCCTTCGAAAATGAAAGCGAGCGGGAGTGCGTCGGGTGAAGACTTGGG
CTCGTTAGGTAACCCTTCGAAAATGAAAGCGAGCGGGAGTGCGTCGGGTGAAGACTTGGG

CTCGTTAGGTAACCCTTCGAAAATGAAAGCGAGCGGGAGTGCGTCGGGTGAAGACTTGGG
——>sv_ut

CCGCTTGGTCGGACAAGGAGTTGTTGTTACCTC-CTTTTTCTTGACACCTTTGACCTCAA
CCGCTTGGTCGGACAAGGAGTTGTTGTTACCTC-CTTTTTCTTGACACCTTTGACCTCAA
CCGCTTGGTCGGACAAGGAGTTGTTGTTACCTC-CTTTTTCTTGACACCTTTGACCTCAA
CCGCTTGGTCGGACAAGGAGTTGTTGTTACCTC-CTTTTTCTTGACACCTTTGACCTCAA
CCGCTTGGTCGGACAAGGAGTTGTTGTTACCTC-CTTTTTCTTGACACCTTTGACCTCAA

CCGCGTGGTCGGACAAGGAGTTGTTACCTCCTTTCTTTTTCTTGACACCTTTGACCTCAA
R

B2 #3 S. sanghuang 5 S. wvaninii ¥ 1TS 4% % 5| 4p4% 5.

i Sk TR 40 R ES 19 Sv_UL.Sv_U2 fil Sv_L

Fig. 2

Localization and specificity of the specific ITS primers used for distinguishing S. sanghuang from S. wvaninii

The upstream and downstream primers (Sv_Ul, Sv_U2 andSv_l.) are indicated by arrows in the sequence

3.3 S. sanghuang 5 S. vaninii H5F£5
A5 10 A4 S, vaninii BARF 23 4~ S. sang-
huang HHEIIFER 21 DNA B0, LK 2 Frs 1Y
ITS ¢ 5 51 Wit 4T PCR 448, 78 Sl 1B KO BE
TSRS H Sv_Ul/Sv L Fl Sv_U2/Sv_L
SRIMN 10 A S, vaninit WY 3G H T ME—)—

A ITS 25485 . (K219 478 bp A1 651 bp, B4
M 23 A S. sanghuang B G 1 AT An] 25 (14
3. X — G R E W], R TRIETF S, vaninii F1 S.
sanghuang 1) 1TS ¥4 22 S B I PIRRE 5251 )
LT S. vaninii 5 S. sanghuang W55 5.
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M 1234567 891011121314151617 M18 192021 22 23 24 25 26 27 28 29 30 31

M 12345678 91011121314151617 M 1819 20 21 22 23 24 25 26 27 28 29 30 31 3233

478bp

B 3 S. sanghuang 5 S. wvaninii B k&) ITS 5% 5| ¥ 3% i
A:Sv_Ul/Sv_L;B:Sv_U2/Sv; M: DNA 43F & Anife; (AT L T4 0 B 09474 ; Tkl 1 ~23 XFRiER 1 BT 81 i) 5 8 1 ik

SH1 ~23; kil 24 ~33 X} 1 8 A4 5 widk SH24 ~33

Fig. 3 The PCR amplification pattern of S. sanghuang and S. wvaninii strains with specific ITS primers
A:Sv_Ul/Sv_L; B: Sv_U2/Sv; M: DNA marker; The white arrow shows the location of target band; Lanes 1 ~23 and
Lanes 24 ~33 correspond to the S. sanghuang strains SH1 ~23 and the S. wvaninii strains SH24 ~33 listed in Table 1, re-

spectively.
4 it i

Bl 7T AW R 0 & AT 18S rDNA
K 28S rDNA [8] 1) tDNA N %5 5% 8] BE X (internal
transcribed spacer, I'TS) F31 /0 #rd% A i F k4L 3
AP FRE M A 5, Bz as B 2 A A
B AR JE 7K P 10 53 28 08 e Kot AR 2 RE R Y B
GEHOWLURIH TTS 740 43 BT R AT S 78 T #e
PN TN B B A R A B Y 36 S SRR L L AR
ITS JPH RIS 17, ¥4 36 A S BERE S B I 7y
3R Horh BTN L XCR AR 1Y 23 S RBETE AR
—%,H S. sanghuang, JFHEE 814 bp; LT
FARIUJI AE LY 10 D RE R —4H. I S.
vaninii, JPA R 773 bp; HAar iy 3 DR R —
20, sanghuang porus PIAMHABL T RE.

RBEARIE I rDNA ITS [X BL i 5 51 22 5 H ik
VT2 T TR Rl . AE 52 BR R H H
a2 TTS X B v R 7y AT 41 0 ] 6 14 L Xt
FLACHERTFE ). 3l i ITS F¢ 5| Wit (15 i 4
YIRh i 22 57 B R BN TTS $ 2 8 5
TG AT AR B (5 43 b B ) 30 2% W ol 451 G S A 2R S T
Boletus edulis Bull. 5 i @ 4= JF @ B. aereus
Bull. #4014 & B. pinophilus Pilat & Der-
mek . B4 E B. aestivalis (Paulet) Fr, 202U

LR JE 4 4 Boletus sect. Appendiculati ¥
Rt DL WA R R B Bursa phelenchus xylophilus
S d B, mucronatus {h<A=EIE JI14E B B.
Sfraudulentus %5, AR @ TS $: 551 9 1) 1
K AT LA —20 DN PCR HL K & 1 B0 b s Bt ™ 7
ASAEALFPAE B R 20 1 i 22 5, S HIE T ITS ¢ 5
ST S. wvaninii 5 S. sanghuang 73T % 5EH
ARV RO T BE T B AN R R B A
WRAEPRAF R TARAS Tl B bn A B 22 IR A, X T
IE A TR DNA BYREAL AT DL 52 i 4.
R EREP AR, BT S. sanghuang 5 S.
vaninii B ITS1-5. 8S-1TS2 FE451 4358 773 bp Hil
814 bp, Wi 1Y ITS J¥ 51 22 5 AR/ ARMER I H
TUE S, sanghuang (R 575190, Rt #E— 25
BT TYEE S, sanghuang BIFESF 51 Pd &5
JEAEAF 22 R LS. HeAh  FEASHIFST Y LA L
A TR R B 2 1 SRR BRI A R B &
WS, baumii  KFLELZFEE S, lonicerinus F/N
FLELZETS. lonicericola 55, F—HTF & 1TS 45
S5 T S 22 ARR A E] 1) 35~ U3) SR S LT
2Py B R S SR AL TR BE A > T HOR T B

S 2k
(1) sk R P EEE (ML Jbat Bheg iR
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