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BE. WEE (Anania) PN EEREHER, MNIM8AUF MR, £%ELHAFLH
&K, HEAAEIRERFEENSEh L ST WS LA, DNA FIEHSEH— B LB DNA JF
FS TR HEAT IR | HER S E TR, AT =AM A B, RVEOA R R (nLSU) . Pt
X (1TS) FHRHRIER B F I-a(tefl-o) , A EZAYBEHLIY, WHATRE TR 7 35 & 2 Fh
SR ERE , HHRES A ESEBRE (A subunquillea) FZEFERFUVINGHRE (A phal-
loides) AAASMHTHT, nLSU (Y PCR 4B F0 7P AL 3R 100% , [H A N RN )5t G A RN A HE, ITS
) PCR ¥ 38 AN i ) 3 433k 2 1009% F1 85.7% , HEA & A ) 28 S AR AR N AE 52 tefl-a [ PCR
TG KT 53 5355 85. 7% F1100% , FaIFIAN Nt f% 43345 F 1TS Al nlSU, =4~ F B s
B, (05 nLSU AL, ITS # tefl -o BAGTE B B4 barcode gap, 45T ITS FREZs B EL 04 A9
FHARS WO SCHE 1TS AR RIS H B DA, tefl-o A1 nLSU 1E 018 MHIBI B HD

KEE . DNA KU, SHBF RS EW, B, PR
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DNA Barcoding of Economically Important Mushrooms .
A Case Study on Lethal Amanitas from China

CAI Qing, TANG Li-Ping, YANG Zhu-Liang ™
(Key Laboratory of Biodiversity and Biogeography, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China)

Abstract: Some species of the genus Amanita are economically important gourmet mushrooms, while others cause
dramatic poisonings or even deaths every year in China and in many other countries. A DNA barcode is a short seg-
ment or a combination of short segments of DNA sequences that can distinguish species rapidly and accurately. To
establish a standard DNA barcode for poisonous species of Amanita in China, three candidate markers, the large
subunit nuclear ribosomal RNA (nLSU) , the internal transcribed spacer (ITS), and the translation elongation fac-
tor 1-alpha (zefl-a) were tested using the eukaryotic general primers for their feasibility as barcodes to identify sev-
en species of lethal fungi and two species of edible ones which can easily be confused with the lethal ones known
from China. In addition, A. phalloides—a European and North American species closely related to one of the seven
taxa, A. subjunquillea was also included. PCR amplification and sequencing success rate, intra- and inter-specific
variation and rate of species identification were considered as main criteria for evaluation of the candidate DNA bar-
codes. Although the nL.SU had high PCR and sequencing success rates (100% and 100% respectively) , occasional
overlapping occurred between the intra- and inter-specific variations. The PCR amplification and sequencing success

rates of ITS were 100% and 85.7% respectively. ITS showed high sequence variation among species group and low
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variation within a given species. There was a relatively high PCR amplification and sequencing success rate for tefl -

a (85.7% and 100% respectively) , and its intra- and inter-specific variation was higher than that of ITS or nLSU.

All three candidate markers showed hight species resolution. ITS and tefl-a had a more clearly defined barcode gap

than nLSU. Our study showed that the tef7-o and nLSU can be proposed as supplementary barcodes for the genus

Amanita , while ITS can be used as a primary barcode marker considering that the ITS region may become a univer-

sal barcode marker for the fungal kingdom.

Key words: DNA barcoding; Edible wild mushrooms; Fungi; Poisonous mushrooms; Species recognition

DNA Z5JE4% (DNA barcoding) J&—Fhi% T
DNA JE8 AT A= W) W b 4 2 i HR BRI R
HEALR — A EULA DNA F Bt AT )8 93 Hr, R
PERZTT TR )7 5 22 57, S B DRl R o Ay b S5 e )
Ff (Hebert 4, 2003a; Kress fll Erickson, 2007 ;
Hollingsworth, 2011 ; Schoch %, 2012), % AR
CH TR 0 28 8 FUHT AR ) & 3 (Hebert 55,
2004 ; Newmaster &5, 2008 ; Liu 5%, 2011) UK
W) Z2 FEPEVEAL FIAE Y BE V5 Wil ( Lahaye 5%,
2008; Valentini %, 2009) %453, DNA FIEHH
BAUTHA: (1) VRSN KE BB iH s
Ptln] FH T 208, AN 5 AR 58 3 A2 2R 1Y)
CHLRIBRART  (2) ARASIHEGRMIE S 2
S (3) ARZUMII R FLFZNLRL )R
KRN ELELR; (4) DNA BEHBRFI S
TR ARG, BRI LR R, W
T ™ 25 AL F1 K A AL (www. barcoding. si. edu/
PDF/TenReasonsBarcoding. pdf) ,

SEEYALL, EE M DNA SRIE S HF5TR
ARXT AL W (Eason 25, 2004 ; Seifert %5, 2007 ;
EICHEA, 2009 RBHESE, 2012) o fif i P
L RS YR PR Y DNA SFIE S
i3 Fr B In) Y OB, E O B AR IE AT
MEEAESZ—, TERE T, ITS JFHI iz
MTRG LMD, BT HRIR R
AR, Rossman (2007) GL&5 1 ITS J¥ 4 1€ H H
DNA Z5 I % op i I B9 AT BB P, JF iU AE H A
DNA S5k ] 22 1 BLIk & 3 e i) O i
VLTS #5015 550, 45 & M R 7 51 kA 7
HE— 2 M MET S5 5 Seifert (2009) & Xt E
DNA Jr BefE N SR8 S (1 AT REVE 04T T HR0) .
T, ZEBRANREGE, XER&KRERF6
DNA JrBeRIZR AT A B, fEBR T CO1 W
ARKNE T TAGY 1, A EAE gtk
By SROME AR BoAR e, AR B g A IX

(protein-coding gene regions) L H H A B = 1 48
FENERZE, (AT PCR 434 AN W) R A1
RELL S A LB BT A5, T IS 8 HAY ELR 6
PR A, S IR A Ay, IE UYL
K ITS VM B RO 2RI et A FUA
JSHE I AT FH 4 B 25 B ok S5 W A (Schoch
8, 2012), [HALA S 4R T ITS A H—E /R
PRI (Kiss, 2012)

FEE PR |, KAIZ G E R DNA 5B 5B
FEL A A (Mouhamadou %5, 2008; Xu, 2010;
Dentinger %, 2011; Du 5%, 2012) , 73R E, HH
DNA T8 55 (4 0F 55 W WD FF 4R ( Zhao 55, 20115
Zeng 5%, 2012) , #&FJE (Amanita Pers. ) 2ERE
i ARk A3 500 Fh, 36 A 80 A AN432K
PTG (BHLE, 2005; Zhang %, 2010) , %@ HEE
AR T LB AR B W, WLLEREE [A hemi-
bapha (Berk. & Broome) Sacc. |, HISHE (HFR
“E AT (A aff. javanica) . KEIGH (B K
“EHBD") (A aff. princeps) . BT (G
“FXEPN") [ A. manginiana sensu W. F. Chiu], 3%
IS H (A yuaniana Zhu L. Yang) 75, G —2L
RIEERRPZE, WNETERSE (A, subjunquillea S. Tmai) |
S (A. exitialis Zhu L. Yang & T. H. Li) .,
WS E (A virosa Bertillon) | JKAESGE [ A. fulig-
inea Hongo | . 2835 K%E [ A. phalloides (Fr.) Link. ]
S, MRS AR ARAR AT DR R B 2 T T P AR At T Y
Fil A, Hoh g R oy e R B e R 1 5 |
ALY (Bresinsky Fl Besl, 1985), FEFRE, K 4E
TREEFEUL T R A T 2R R R R EE A, N
2000 4F 3 HAE) 7N 9 NiREHarie s, Hh g A
BET (Yang F1 Li, 2001 ; EERMESE, 2002), T/
%)@ DNA SIS IRIESE , X T8 v FIR 25 P 1Y
PR HERR S E | TR A AR 167 5 I R
BAEER MR, FE 5 FH 1S 51
BERE (FIRNAF, 2007; BARSE, 2009), (H
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Xof JH v B R R SR R AT SRR EREE (B 1) SEATHEE, Sk adEn
ASCPEB =AMk B, BIRCHA K DNA S9E05 A Be, iR 4s A Bef ml gk, Fk

(nLSU) . WEESEMIFAIX (ITS) FIBIFRERFE T s S8 EEEABUCEL LR, Aa6h T

I-o(tefl-a) , XTRETHA 7 FPRITERGE L 2 F BREMSERST (A phalloides) WG,

Bl1 A S R ILARISRST (A-D, F) K2 M55 IRMTTERH (E, 6)
A BRBEISTE; B IR, C KAESUGE; D. HEHE; B RARE; FHHRIEE; ¢ BKEE

Fig. 1

Five common species of lethal Amanitas (A-D, F) and two easily confusible species of edible ones (E, G) in China

A. Amanita pallidorosea; B. A.virosa; C. A. fuliginea; D. A. rimosa; E. A. aff. princeps; F. A. subjunquillea; G. A. aff. javanica
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1 #RiFnAEE
1.1 WR##

ARG T ] 8 10 AFR Y 28 rdrAc, BRi
KAEEIGT (A fuligineoides) FEETERET (A. phalloides)
FEFP ORI 1 ARSIl , FIAH) 8 AFpEFFPEEIL 3 ~4 )
PRASFERL, SEUEARAS TR T o R 24 B B B A P ik 52
FRACHE IR AT (HKAS) 7 AR AR Al 27 T W s A
(HMJAU) , FpA%E FEARMEH IR (2005) F1 Zhang
4 (2010) , HAREFREMBIL TR (K1),

1.2 #& DNA BJ#REX, PCR # 1G5

S5 DNA MRBCR IR W CTAB % (Doyle 1 Doyle,
1987) , nLSU F B IE [0 5 ¥ 28 LROR, & [nl 514 K
LR5 (Vilgalys il Hester, 1990); ITS 1F [ 5% Jy ITS5,
S B4 ITSA ( White 28, 1990) 5 tefl-a Y5 ¥ K

983F #11567R ( Rehner, 2001) ,

PCR KW R % 25 pL, 45 10xP 8 bl (&
MgCl,) 2.5 pL, 1.5 pL A4-M¥EHE (Bovine Serum Albumin
BSA; 20 mg-mL™"), 2.5 pL dNTP (200 Mm), 2 pL HJ
5% (5uM), TagDNA BAMEO0.3 pL (2.5u-pl™),
DNA #i42 0.5 ~ 1.5 pL, A ddH,0 E %4 % 25 pL, nLSU
R BCEIY HFET; 94 °C, FiAEYE 4 min; 94 C7AEYE 40 s,
50 CiE K 40 s, 72 CHEMH 2 min 30 s (#EFT 35 MEH) 5
72 CHEF 10 min, ITS FI tefl-o B4 HEFRIF . 94 C,
WiAEME 4 min; 94 CZAEPE40s, 54 CIR Kk 40s, 72 °C Ik
1 min (347 35 PMEER) ; 72 °CEE{H 10 min,

PCR 387 4 ] £ Zh fig DNA 2k [m i) & (b
TARFVEYHARARAT) #1741k, PCR F=H2al
fbiE B R IY, DFCH ABI3730, FrHS#IEY 1

R1 HREBVHERER

Table 1  Specimens of Amanita used in the analyses and their GenBank accession numbers

GenBank 5fi% GenBank accession

4325 BT Taxon FEIEAR A Voucher

nLSU ITS tef-la
HAREE A, exitialis' HKAS75774 JX998052 JX998027 JX998001
BB A exitialis® HKAS75775 JX998053 JX998026 JX998002
HAREE A exitialis® HKAS75776 JX998051 JX998025 JX998003
IRAESIE R A. fuliginea' HKAS75782 JX998049 7X998022 JX997996
IRAEBHG T A. fuliginea® HKAS75780 JX998048 JX998023 JX997995
IRACBIGH A. fuliginea® HKAS75781 JX998050 JX998021 1X997994
WURAEBIE T A. fuligineoides HKAS52727 1X998047 1X998024 —_
RLKEE A. pallidorosea’ HKAS75786 1X998054 1X998037 JX998011
IREIEE A. pallidorosea® HKAS75783 JX998055 JX998035 JX998010
RIS E A, pallidorosea® HKAS75784 JX998056 JX998036 JX998009
L REE A, phalloides HKAS75773 JX998060 JX998031 JX998000
R IEE A. rimosa’ HKAS75779 JX998046 JX998020 JX998004
R IEE A. rimosa® HKAS75777 JX998044 JX998018 JX998005
R IEE A. rimosa® HKAS75778 7X998045 JX998019 JX998006
HERE A subjunquillea’ HKAS75770 1X998062 JX998034 JX997999
HERE A subjunquillea® HKAS75771 JX998063 JX998032 1X997997
HERE A subjunquillea® HKAS75772 JX998061 JX998033 1X997998
IERR RS FF A. virosa' HKAS75790 JX998057 JX998028 —
WIS E A. virosa HKAS56694 JX998058 JX998030 JX998007
IERRRS T A. virosa® HMJAU20396 JX998059 JX998029 JX998008
HHERE A aff. javanica' HKAS56957 JX998068 JX998039 JX998017
HRRE A, aff. javanica® HKAS56863 JX998071 1X998040 JX998014
HRRSE A, aff. javanica® HKAS52668 JX998069 JX998038 JX998015
BRI A, aff. javanica® HKAS53281 JX998070 JX998041 JX998016
KERE A aff. princeps' HKAS59780 JX998064 KC006435 —_
KEAKSE A. aff. princeps® HKAS59777 JX998066 KC006434 —_
KERE A aff. princeps’® HKAS75787 JX998065 JX998042 JX998012
KERSE A aff. princeps* HKAS75788 JX998067 1X998043 JX998013

Herbarium acronyms: HKAS =Herbarium of Cryptogams, Kunming Institute of Botany, Chinese Academy of Sciences;

HMJAU = Herbarium of Mycology of Jilin Agricultural University
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S (e AR DA AR T A BRA R 580 o

XF PCR 7y B2 5 R ISR S 3 SRR S AT
M, TR RS LB B e e ), 2 A4
(il 45, BEHE (R Takara /A FfY pMDIS-T #R44) , K
JAFFIR B4k, TRV PCR A SRR, TR 1 855 37 Al
¥ o AR BERT AR 0P H) U %, 20 ITS J9 41, JE
EIPFINY B HA Y 4
1.3 HIESH

I I T A54 P 2R FH DNASTAR #4404 Y SeqMan i#F
FIROPFE, PEHJS T 153 7 51 R ] MUSCLE ver. 3.8.3.1
(Edgar, 2004 ) # 47X, JfFI ] BioEdit ver. 7.0.9
(Hall, 1999) 4T T T3 % LLORUE T I 68 ¢ ) P

flii i DNA 50814 ) — A~ B 245 55 & Barcoding gap /&
AEAE, BT 50 Bl P 22 S5 J 408 /)N T e ) 78 S 8 L 05
K, WFEHEPE l— A AT BR (Meyer 1 Paulay,
2005) ., ASCFIF MEGA (version 4.0) {4, R Kimu-
ra-2-parameter distance (K2P) #5535 4 W) Fh 59 Fl P |
FhlaSAE IR . A Microsoft Office Excel 148 HE &R ¥
BhiE] . PPN BAEEE B M A AR ], 383 Wilcoxon LA
G I A AG 30 2% e B 91 22 T 2 S P 2 5

fir & DNA SKIE RS 1 ) — A T B G Ar o2 v B 4y il
AMERR S E A, IR BEA . AL MEGA B fFAh g i
MR B AR £ (neighbor-joining, NJ) , 4 i 5% ]
Kimura2-parameter 5% 8 | J7 47 %5 57 HE 51 25 S v 19 25 f
(gaps) BB EPE (missing data) VESE MR ( com-
plete deletion) ALIH, FRGEM A REA G ST SCHERLL A R
% (bootstrap) HEATHIES, FEUKECH 5000 K ( Tamura
85, 2007) o A EEDFREYFTAMAHSR S —A> B FR 53 S
INRIZYFNEEIERT (Hollingsworth 55, 2009)

2 #ER
2.1 PCR ¥ g0 FF B Th =

AW B nlSU, ITS Hl tefl-a =~ DNA
B3 Fr Be b AT 4 B AN Y, =Mk R B R
1538 ~834 bp, 5B GC A, LLtefl-a
B GC Siafm, H49.2% , EREM ILINZE 2,

PCR 4 BARCR NI 7 B 51 520 F A DNA 2%
TERST AN — A BB AR, &k B PCR 37
SR | tefl-o B, N 85.7% , nlSU FIITS F Bt
¥ 100% . W L3R LA ITS 5k, Hh 85.7%,
nLSU Hl tefl-a0 7 100% . %4 PCR ¥ %R
FIFRCE, LA nlSU R Bisedlt, #°8100% .,
2.2 Barcode gap HiEfH KM EIFIF N EEE

RHNSZITERE

=S e B o R R s A A8 S 19 43 A BT AT

DA (%3, F2), M alSU F BB L

0.001 ~0.002 AT HE, {HAIFRIH —EM barcode

gap, 1M ITS Fl tefl-o FEFEH Y barcode gap.,
F2 EWBRERBRFIRTE, WFRXRESEXR
Table 2 PCR amplification and sequencing success rate

of DNA barcoding candidate segments

) f 1% Fr Bt Candidate segment
30 item

nLSU ITS tefl -
K& Length/bp 834 594 538
GC &1t GC content/ % 48.2 41.9 49.2
PCR "1 0%

1 1 i
PCR success/% 00 00 85
bl Th %
B B3 100 85.7 100
Sequencing success/ %
nLSU o intraspecific

m interspecific
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Fig.2  Comparisons of frequency distribution of intra- and inter-specific
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pairwise distances among three barcoding candidate segments

(x-axis; pairwise distance; y-axis: frequency distribution)
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FFH Wilcoxon Bk FIAS 58X A [i] e 571 A P A1
[ AS S ATEET 00T, S5 SR = AN BEROFR
A ATCHI 2200 (3R 4)  Fhia) s S 3 ) 2 B i
—EMESE, VL tefl-a BIFPIRIAS S K, T nlSU
FIRNE A SN, B tefl-a>ITS>nLSU (£ 5)
2.3 YFhoPEER

FEFET = MEBE B BT f s (AR I, A
WFIE AT B R A AL B, C =K%, H
B, CPISCHATEHIEE, 5 A SRR
BERGE U W XTI, fE 3 A, PR L
BB SRR RN RIS, A TRRE R 4R i
HEEMARTMESRE REXLREY, £="1h
B e i AR HEA L G 1 — B 2R 43 SO )
BENSERE, T EONHREECR (K3, 4),

3 itig

3.1 DNA £JH53|47i@ Fi%S barcode gap HIIEM
DNA ZRIEAS 0 1 09 =4~ E 2 bR E 5. 5l

Vs FYE R, DNA JRa0 g n] stk ty, HEA K

Y F A0 T E s WA o BE S (CBOL Plant
Working Group, 2009) , T H DNA XM K B4
ifi, 7E 300 ~800 bp Z[H] (Kress &, 2005) , 4%
WF5E AT e B =M BE )7 51, SRS 538 ~
834 bp, i/t DNA KL R EEATZ, 7E51W
W, nlSU R B3 38 Kl 7y ml o) %
=, YO 100% , 1TS B4 8RB R &, B
DU F B AR LU AR, 43 7 41 5 22 e Rl e 3
1%, AIfgEmM T ITS EREA T FEZ N IE
XK, FERMTFREY) b ) — 2L P AR AR L 1
(Li %, 2011), tefl-o MAKHE DL Y B 5 g ) 3
KRBz, WIHEAE PCR 44 191 B2 v XJ &L DNA,
RIS A T A BoR L, BT DA 3 R A 3L
A B B AR, H 85.7% , AT ) % 5 ik
100% , BAE®B BN, G6kEF, =4
DNA Z5IE MM sE B Be ¥ HA B 1 PCR 97 34 #1
WP L%

Barcode gap tL/ZTFEHT DNA SIEAS AR 1HEZ
—, BRI LA P 9 35 4% 48 S /N TR

R3 RIEFHBR ROM AT EEZSN

Table 3 Intra- and inter-specific variation of DNA barcoding candidate segments

{35 i Bt Candidate segment

330 Ttem

nlLSU ITS tefl -a

AL 5 Intra-specific variation
AL 5 Inter-specific variation
F B 52 /NVAE 5+ Minimum intra-specific variation

KA Maximum inter-specific variation

0.0003 +0.0007
0.0725 +0.0614
0.001 0.006 0.016
0.002 0.002 0.006

0.0027 +0.00243
0.1630 +0.1012

0.0006 +0.0008
0.1245 £0.1037

F4 FMRIEETRH Wilcoxon 1 3&

Table 4 Wilcoxon test of pairwise intra-specific variation

A S A SR A

NAH PH

W W= Correlation of intra-specific variations N value P value ERR Result
tefl-a nLSU W+=0, W-=15 8 0.031 ZF A E3E No significant difference
nLSU ITS W+=1.5, W-=4.5 8 0.375 2R3 No significant difference
ITS tefl-a W+=0, W-=15 8 0.31 225 KRB No significant difference
x5 MENEET R Wilcoxon #5
Table 5 Wilcoxon test of pairwise inter-specific variation
] A ELAkH
W V- Conelatioiqlol?iijmiziiéfirfvariations N]\Lﬁc vafic ERR Result
tefl-a nl.SU W+=666, W-=0 36 P<0.001 tefl-a>nl.SU
tefl-at ITS W+=468, W-= 36 P<0.001 tefl-a>ITS
IS nLSU W+=999, W-=10 45 P<0.001 ITS>nLSU
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A. subjunquillea’
A. subjunquillea?
2 A. subjunquillea’ g0 |A- Virosa!
A. phalloides ﬁ vir osai
. . virosa
nLSU 99 ﬁ :;;Zzz; A. pallidorosea!
‘A virosa3 A. pallidorosea®
’ ) ITS A. pallidorosea’
0.01 99| A. pallidorosea! A. fuligineoides
Jal| A- pallidorosea? T A.exitialis?

A. pallidorosea3
A. fuligineal
100 1 4. fuliginea2
A. fuliginea3

A.exitialis!
&l A.exitialis?
A.exitialis?

A. rimosa!
A. rimosa?
81 A. rimosa3
A. fuligineoides
A. aff. princeps!
C 100 | A. aff. princeps?
A. aff. princeps3
A. aff. princeps4
A. aff. javanical
B 100 | A. aff. javanica2
A. aff. javanica3
A. aff. javanica4

13

100

%8 A.exitialis3
A.exitialis!

A. fuligineal
100 [T A. fuliginea?
A. fuliginea3

k

A. subjunquillea?
A. subjunquillea3

A. rimosa!
—100{ A. rimosa?
A. rimosa3

A. aff. javanical

100 A. phalloides
ﬂqA. subjunquillea!

100 |

A. aff. javanica2
A. aff. javanica3

A. aff. javanica4 |
100 |A. aff. princeps!

A. aff. princeps3
A. aff. princeps4
A. aff. princeps?

€3 BT nLSU FIITS A Bei iy SR Emt, 7B b B A ki (A
Fig.3  Neighbor-joining trees based on nLSU and ITS sequence data respectively.

Bootstrap support values are indicated above the branches

[B] B35 A8 5 (Meyer £l Paulay, 2005) , FEASHF
Y, SAMERE SIS R B PN R ] 35 15
SRR, tefl-o v By FpIA] 5 AL A8 S i R, H:
U ITS, tefl-a FITS ¥IAFFEH 2 1Y barcode gap
(E2), T nLSU @yF N 5 R4S 5 AR T Fb
B fe/NVAE 5, AEAT R —%E 1Y barcode gap.,
3.2 MO PRBITEN

BT =AMk i BOTT R AL SRR, HymT LA
¥ EHIEE (4% BMC) MEEEE (4
X A) RS (K3, 4), Hitk, =4 DNA
SIS R B AT LIAE A X 53 Al TR i)
BRI DNA SIS, TEW RS E 7, A4
PP AR AR 3 IR R 0 3, HEA
PN RER (K3, 4), RAFIH=AE
e F Be b AT AT — S B BENE A SO U 38 R
FRA YA S o B, OF R B & R 4 Fh o Y AE
J1. W, ASCE A =~ DNA it 5 By nr
VE RS H 8 P R0 %2 19 DNA S0E8S ,

g5 BRI, FERTEBURY =SB A Rk
FB, tefl-o U RORREAR . B k) R
5, AEAEBH A9 barcode gap, H.AHh 4 i AR XS

A. pallidorosea?
A. pallidorosea!
A. pallidorosea3

A. rimosa!

A. rimosa?
901 A, rimosa3

A.exitialis!
4100{ A.exitialis?
A.exitialis3

A. subjunquillea’
767 | A. subjunquillea?
911 A. subjunquillea’

100 |A. aff. princeps3

IA. aff. princeps4

-a
tefl 99 | A. virosa?
A. virosa3
0.02
A 100 A. phalloides
99
100 A. fuliginea?
A. fuliginea3
A. fuligineal
C
B 100

|—A. aff. javanical

A. aff. javanica?
L“FA aff. javanica3

A. aff. javanica4

Kl T iefl-o i BIITHIEERSRIEMT
Vs MR CIERSL iR

Fig.4 Neighbor-joining tree based on tefl-a sequence data.

Bootstrap support values are indicated above the branches
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I, B DNA S8R0k B BE, nlSU Y
PCR 3 B4R P08 0 100% , R T —&
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