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Classification and identification of Lactarius based on morphological characteristics of
fruiting bodies and rDNA-ITS sequence analysis in Qiandongnan
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( Guizhou Center for Disease Control and Prevention, Guizhou Guiyang 550004, China)

Abstract; Objective In order to clarify the taxonomic status of Lactarius in Qiandongnan of Guizhou, and provid the
basis for the identification of wild fungi in foodborne wild mushroom poisoning. Methods The morphological
characteristics of fruiting bodies and phylogenetic analysis of ribosomal DNA internal transcribed spacer (rDNA-ITS) gene
sequences were used for identification. Results It was clear that there were 3 main kinds of Lactarius in the markets. The
samples of indigo, amaranth and aurantius were identified as Lactarius vividus, Lactarius hatsudake and Lactarius subindigo
based on morphological features. Then ITS gene sequence phylogenetic trees for the 34 fungi strains were divided into two
branches, the Lactarius and other toxic fungi of the affinis species were distinguished. The TL1 and Lactarius subindig, TZ1
and Lactarius hatsudake, TH1 and Lactarius vividus were clustered into one group respectively, which were consistent with
morphological identification results. Conclusion  The main species of Lactarius in Qiandongnan were the Lactarius
hatsudake and Lactarius vividus, which were the same as another Lactarius in Guiyang. Among the Lactarius species, TLI

was identified as Lactarius subindigo, this was the first case reported in Guizhou.

Key words: Lactarius; Lactarius vividus; Lactarius subindigo; Lactarius hatsudake; classification and identification

PR BT — 2 7 Fe B bR L5 9 i o] I b TR S A
FRIHE R N T A K A AL %E R ( Lactarius, V4T il #1
L) BY AR R R, F2 200 51 48 B 7R v v R A
JB I M CTRIFRES ZR N ) L IX 52 5 T 44, 5 5

Y75 B A :2020-11-30

BB . AMNERFBHEHPOEERREE (2020-E1-8F) ;
EMERITR(BREFEAA[2018]5767)

EERN . 258 F REWF HATOAFLEH» EE LA
A A E-mail: wuanzhongGZCDC@163. com

BEEE TR F ZEHT LT @ ARRMEDEN
E-mail; 15285112871@163. com

DK AT FL4E (L. hatsudake) FAFLEE (L. deliciosus)
BRI FLaE (L. terrimus ) 55 3L 25 & B 28 K O 4 4%
T A AR Y SORH T, 5L R R R T T I
T JZEW AW B L85 P (Russulaceae) | & — R
FH 25 A 2 i B9 TR 36, R 22 M0y 02 A AR TR AR
B, TR L S GR A 21 AR OB R AR A
G T W L XCRL T2 24 Fh BRSO
B RE L8 (L. akahatsu ) R E €4 T 4
(L. salmonicolor)2 1, H Al E M RE L H 40 £ Fp
MR A G, AR Z U ERIL G H B
(L. sect. Deliciosi) } ¥, FEAIE LI 2L 45  #a 3L



R B AR AR

—436—

CHINESE JOURNAL OF FOOD HYGIENE

2021 445 33 4245 4

i SEHEFL L (L. vividus ) , 277 T =8 S )1
S, E A X m M AR T R BRI L
G AT G S E W 2 m b X O Y L gk
JEA 13 A B 5 B R L0 FL ek WA FL 4 i
¥8FL%E (L. hygrophoroides) F122 i1 %% (L. volemus) .

BAEIKF NGRS BB AR, W
ERARREIFEFEPFEARLDAREHFZ LT
97,2004—2013 4F 5 M 44 At 7 o i 0
118 ik, 7 698 A, 5L 10 85 A, i JE &
12.18% " . e 0 [0 Ji 43 7 o, 8 2% 13 FH 89 2 7
hEE R TN AT B AR E R R A
TR KR TGRS H A X B A R T op A
R 1 3 ) W8 T IR AR ROE S A SR
LG, X 75 W) HE T 5 ME T BOR, 2 O A R
WA G MR A R G %8 . BT #5r BF
AL TR AN T BE IR BN AR Al R 0 RO R G
R HIARA BE 0L BT £E T 4l 15 7 v bk 1 AT 58 E AR
PUAL T 3 25 B AR g 4t 203 it 5 T S Y
g3 T W) 5 0 T BOME B R R R 52 B ORTAS W] By
Fr BB BT A R (R AR R R ) AR L v A ) 2
WEH

bR DNA PN F% 5% 8] [ X ( ribosomal DNA
internal transcribed spacer, rDNA-ITS) & A /& H A &
T JE P R ) 45 5 n] 5E 0 R B, 7R B B AR T AN
By AR R A S A B ARG AR ) 2 R B A T
TR AT Ay T % IR A DR IT A S W
B AR B N 52 gy i R B T Sk TR R 3 DA 7
XFEURPE R A R h R A S DA R A
RCHEBR © 0 TR 2 %) B B4 E A5 R B9 T 40 AR )
HE Y B 2R TR E O R K, AR BIF 5 i 1 A B R R
L LT B AR T A T g, xR B E A K
I LTI 55 i A oA R B L LR T I 4
AR T AT 0020 0 28, Horh S S A Ry £ N
SLL R i SR FLEE R 2 DR AR
R FhEE A SRR TR (E R S b
PR AE SR 8RS A 110 b 30 4, it e B oA B AR AR
RAR L, R AR BB T RE AR BE AT 7 S8 AR SRR A 4
WIFGEG 73 AW F HATYEE

1 MBEAZXE
1.1 Fk

FEA KA T 25 7R B M il e 5 4 W0 9% SR AR B A
BT L b (A6 4 26.35 &, AR 45 106. 41 £, k24
1 100 m) (5 AR N A9E AR A, SRAE 3 P
T BE W AR AR 38 Bk R R AR AR 135 BRI AL (4
FEAS 143 Bk KM T 58 R T 25 RR AR X AR A 32F 47 b 28

Yoo IR B AR A M S E ik — 2 FAEY
1.2 ik
1.2.1 JBEFEE

BEAR SR A2 B0 55 2R 4 i DX IR A KRB 1 B
FLRARTE A RRAE , S 2% (O K L i BT )
(2 A 7L 8 55 Fh i o 4 e o Rl R )
G T HPBHATIE A=A,

1.2.2  F 54k DNA $#2H

DNA $EHU 55 % 20 %0 (0 7 125 01 W& VR Bk
HE BRSO i SRR AR s B, R ) R
YIZ1 0.5 em® R/NFS4K 3~5 B, FIJCH A 10
BOR R FE B A 1.5 mL B0 1l B0 R
WA & [ Ezup A FL R ZE 20 DNA il 4832070 &
AT A TR () By A BRA /] HE AT $2 B, 3k
153 F AR DNA R 2T -20 COKAHHT T —
B, TR LA A& ST AL 41 C ~
45 CHETJE R R .

1.2.3 rDNA-ITS ¥ 4%

PR B K DNA A9 ITS 3E R B Y ITSI
5.8S.1TS2 IX I8 fir I 51 9 by BT 3@ 1] 51 9 1TS5/
1TS4' BlW A TAY TR (B ) B A FRA &)
A . 31 W F F N ITS5: 5-GGAAGTAAAAGT
CGTAACAAGG-3'; ITS4: 5'-TCCTCCGCTTATTGAT
ATGC-3', & Mg 5 X ) . (PCR) & MK &
(50 pL):25 pL Mix-Taq i .4 2 wL(10 pmol/L) I
TUE5I% 2 pL DNA 19 pL ddH,0, PR FS %
SCHR[ 147 :95 C #2281 5 min;95 C 7284 30 5,56 C
Bk 30,72 CHEAH 1 min, £ 30 MEER ;72 °C FEAH
10 min,

1.2.4 PCR =¥k &y

Y1 PCR P22 1% B 6 0 B e (ol g st o A
IR YL 7)) WK, JFAEBE IS R R T R A 1
SERIEHIE R BE ITS K A9 B PCR P2 B 4G E
TAY) TR () By A BR A w17 a4k | s B A
M 45 5 ) DNAMAN Version 9.0 747 Bf 4
MFSh A, 35745 DNA P H FRE R B WM
F
1.2.5 RBRE S

BEA ¥ R 3 N ¥ 8 78 GENBANK %% 4 1%
(http://www. nchi. nlm. nih. gov/blast/) # 1T Blast
Fext, 9 R 35 1R P8k L E R0 Rl 44 09 T AR 2R
B, H 8 F MEGAS. 22 X F 2% ¥ %1 i# 47 Muscle
(Codons) 77" (Y Z2 5 J5 41 FU X, Xt 4 SR b A7 gt %
PEES M, RAMEE (ND Y MWERE LT
W, ﬁ%ﬂi(Bootstrap) K 1000 K, FEARZES



BT T L MIE S FRHE B rDNA-ITS J5 51 53 4 % B8 75 7 P AR B #) 43 28 2 0 —— SR 2 )

CE

| —437—

2R T AW 5 B S WS R REAR ITS 3%
F ) A% % GENBANK Jidi JFE I 30 A3 8 5

2 GBRS5HW
2.1 AR B IE 2 S

HR A5 2R 4R 21 19 B A - SR B 35 TR L TR R Y
B WG FL T R IS AR 1 A5 Y A R AE X e
Wl Bt M 3 BREARE L EN 3 AF,
HARH AR T (WK 1A) .

B W (0 R A . A 3 (8 O R e W €, TR A R T
ELA WY S [0 B 50, LM 00 ool 5 TR 2% S S
LA S 5 AR A B e B R R T AW
23 TEA B DR B8 i 35 5 4 T AR A, T S AR B R
MR RE G TAT S PR RS aE TRa
SR TEFLLE (L. indigo) B X8 N B, H
UKz 28 R R ) % b dE O FLO#E W Ab
(L. subindigo) (VLI 1B)

- FARCR NI R R AN O T =N
e T OB i DI 2 A i R S L = T R T
RS TRAR 2SO Ho2r 08 BE, N um A R R
o B SR Lt /N o5 TR RE B 8 RS B FLIT R R ol
MET 5 F SE AR 05 28 IR 90 % o 200 3l 4%
(L. hatsudake) ( WL 18 1C), % F 5 i 4L 3L %%
(L. sanguiftuus) W 255 AL, {8 21 31 3L 4% o AW
TR B A5 5 AR TR R s Sk, T S M
AR

(0 A L AT 3 R T A R 0 R R, R
A M AR W R AR A e R R, R
T R PR B, A 1/2 ~2/5 AbA Bk B 6k 55 4 ) 0 3R
S0 R, WA A B AR R 1 3G K I
(o i N SR W O T NG AR S it S K B
BORY F T B S5 WANG 2507 IR Y e s 3L 4
(L. vividus) B R AHAL, 9] 8 1% 28 B A Oy ficf e 31, %%
(W 1D) o A SHSFL&E (L. deliciosus ) Flfi 4,
% (L. salmonicolor) ¥ SEARIE A M 16 (0 28 4 0 (0,
FLITARAS 555 8 A LR AT, 3T 75
I 0 B A UM REAE T 028 4 BT,
AT T ESEE
2.2 WA (DNA-ITS & 513 19 45

5390 T8 OB AR AT e 1 €5, | 55 41 (8 RS i B AR 3R
FEAT S 5 TL1 TZ1 [ TH1, %5 H 7 904k gt 47
rDNA-ITS P34 | 548 25 5 5% 7 1 Wi, R e Pk 47,
ks i BE29 o 750 bp, B A9 ZS [ IR TG A (L
Bl 2) o BHAE =20y 25 5 2 ke AL sh R x4k 45
K43 51 693 bp (TL1) 676 bp (TZ1) Fl 670 bp
(TH1) KB 1TS B2 B3

oA D 3 BB T I B g el O 7 SRR
COEL AT LA D I H G T ITREAR,
BT R B T SRR S AR AT

Figure 1  Morphological characteristics of fruiting bodies
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100 HQ328776 Lactarius deliciosus
74 _I:DQI 16903 Lactarius deliciosus
99 JQ711835 Lactarius deliciosus
_I: EF685051 Lactarius deliciosus
95 KR364085 Lactarius hatsudake
99 KY661917 Lactarius hatsudake
KY661921 Lactarius hatsudake
® TZ1
96— EF685065 Lactarius indigo
L EF685066 Lactarius indigo
96 91 —— MTI31388 Lactarius sanguifluus ||Lactarius
L——— AY332548 Lactarius sanguifluus
100 ———— JF908283 Lactarius salmonicolor
L——— KX756413  Lactarius salmonicolor
99 KT163436 Lactarius vividus
30 KT163437 Lactarius vividus
97 KY661923  Lactarius vividus
KT163427 Lactarius vividus
® THI1
100 MK167416  Lactarius subindigo
99 EF685073  Lactarius subindigo
85 MK158324  Lactarius subindigo
® TLI
100 ATF418606 Russula densifolia
100 MT278177 Russula densifolia *
MN3580113  Russula densifolia *
% MT522570  Russula foetens * Russula
89 AF418613  Russula foetens * -
KY284154 Russula sarnarii
KY582723  Russula rubra
100 AF418619  Russula emetic *
_E MF193345  Russula sp.
MN992262  Russula emetic *
MH855945  Auricularia auricular
T @BRICHREAS ;= BRic Rl A 2 4 B 5 40 329 8 B i B e B 2608 (LR >70% )
Bl 3 LT ITS JE KT SIR Y NI B
Figure 3 Neighbor joining tree based on ITS gene sequence
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