Research paper H5RIe X

22 November 2021, 40(11): 2981-2994 Mycosystema ISSN1672-6472 CN11-5180/Q DOI: 10.13346/j.mycosystema.210288

+ 1l

WA RLEXFHYERPFRAD R SNBIZ, MEEFIF, BATEEZARHT DA
REFRGFREFAFRBEAAFTEDETRD AR L. EHERARAFE
A WAL ARESLSF R A, £ ournal of Agricultural and Food Chemistry»
«International Journal of Biological Macromoleculesy F & 4 % % % L. T H LA
ERELBEFHEIFHRUR=ZFE, FTZR2LTHFFHABATHRELARL
REFHF R T HFREBRT,

MR RE A B ML T B E AT EE 3R
#HEE  EE HTH EW°
LA R K FHHRPFR DAL RLMANESTRE L& A% 271018

B F: CREARIMBXE 6 REFAEM RO TN 5, 2l Wiz, T RH A0 BT R
BREIGRAT 18 NERR, 4TS BRSO R RS, 2 DX 18 DRMREAT TR LA R WK
s MERE. RS (RER. . REDH. B RIE MR, M) MR RN 2
orifre SERURWL: fER LR MBS RS T, TR T AR B M AR R O T AU
WK TAETE PR & BT T, M AR5 R 70 B A5 B A B vk ke 0 T A 0 B T iR . e S e Y
MERIL, MNER TR T BT 70 B2 18 DRI AT SR SR ILE

KA. dRE, A0 E, TR T, IR, EEYR, SRR

(G A #EWE, g, B3, Em, 2021 AR S A FHR AL B AR R LLEL. YAk, 40(11): 2981-2994
Guo YF, Zhou T, Xiao ZY, Wang L, 2021. Variation of biological characteristics of Cordyceps militaris strains isolated from different
parts of the natural samples. Mycosystema, 40(11): 2981-2994

HEETH: EREARBFESTERERESTE (31701976); 11 448 B M 7= Mk B A A4 5 6 B8 018 [ b & i B
(SDAIT-07-06)

Supported by the National Natural Science Foundation of China Youth Science Foundation Project (31701976) and Mushroom

Technology System of Shandong Province (SDAIT-07-06).

o Corresponding author. E-mail: haoyou0102@163.com

ORCID: GUO Yu-Feng (0000-0002-6241-6445), WANG Li (0000-0003-2693-770X)

Received: 2021-09-13, accepted: 2021-11-17

Copyright © 2021 Institute of Microbiology, CAS. All rights reserved. | jwxt@im.ac.cn Http://journals-myco.im.ac.cn  Tel: +86-10-64807521 Eim%‘i;ﬁ 2981



BEIE F /NRAFREREIMUS BERIFIELLR Research paper

Variation of biological characteristics of Cordyceps
militaris strains isolated from different parts of the
natural samples
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Shandong Provincial Key Laboratory of Agricultural Microbiology, College of Plant Protection, Shandong Agricultural

University, Tai’an, Shandong 271018, China

Abstract: Sclerotia, stromata and ascospores of six wild samples of Cordyceps militaris collected
from Mount Tai were applied to isolate the fungus strains. The variations of mycelial growth rate,
colony morphology, cultivation characteristics, active components (cordycepin, adenosine,
polysaccharide, B-carotenoid, lutein) and mating-type genes of 18 strains obtained were
measured. The results showed that mycelial growth, fruiting body yield and fruiting uniformity of
the strains isolated from ascospores were superior; the content of active components of the
strains isolated from ascospores and stromata were much higher than that from sclerotia. All

tested strains contained both MAT-1 and MAT-2 mating type genes.
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I 1 5 Cordyceps militaris (L.) Link .4
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B 2N Sordariomycetes- [Rl FE B H Hypocreales.
HELEE Rl Cordycipitaceae. WL JE Cordyceps
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Table 1 Accession number of strains

[X (117°7°9”E, 36°20°6”N, #F#k 750-850m)
(1) 6 AR EF A 0t SRR D S sR AT R, 4y
SRR . B AL L B R T4
133 18 MR, T WK 1, Z5EE
B RR, BT 1L AR RO R = S|
I i R ST G =

1.1.2 B59E%E. PPDA Hi7i3E: 4% 200g,
Hi%&IPE 20g, HEMW 10g, B 18g, B
S0 1.5g, BREZ%EE 0.5g, VB, 0.1g, EE T /K
1000mL, pH HER AR 773 B2 200g,
W% RE 20g, AR 10g, WEER S 4T 1.5,
WilEREE 0.5g, VB, 0.1g, B 77K 1 000mL,
pH HA. HHHEE IR KoK 38g, U 28,
BRI 60mL (B [FRAR B PG 7R 5. K
Bile R #R 5 X7 /K 1 000mL, T 16g.
1.2 /&

1.2.1 WD E: (D B E: AHKEFAR
TIRITFbiAA, BT Bh P 1 % 2 2
% PPDA #5575k, frm LR KRR
W) PPDA ¥EFRAE BitfT4ith. (2) TRy
B KB TR UM O A TR 1em
KANTIAREL, TN 30%id AL & Pt
20-30s, ¥#% 2 I /K PIEYE 30s, KEEELS
W ¥ SEAR R 7K 73 5 FHF AR T LR R

Iy B ER AL F1 F2 F3 F4 F5 F6
Separating Natural Natural Natural Natural Natural Natural
part sample F1 sample F2 sample F4 sample F4 sample F6 sample F6
W% F1-1 F2-1 F3-1 F4-1 F5-1 F6-1
Sclerotium Isolated from Isolated from Isolated from Isolated from Isolated from Isolated from
F1 sclerotium F2 sclerotium F3 sclerotium F4 sclerotium F5 sclerotium F6 sclerotium
T F1-2 F2-2 F3-2 F4-2 F5-2 F6-2
Stroma Isolated from Isolated from Isolated from Isolated from Isolated from Isolated from
F1 stroma F2 stroma F3 stroma F4 stroma F5 stroma F6 stroma
TEMT F1-3 F2-3 F3-3 F4-3 F5-3 F6-3
Ascospore Isolated from Isolated from Isolated from Isolated from Isolated from Isolated from

F1 ascospore

F2 ascospore

F3 ascospore

F4 ascospore

F5 ascospore

F6 ascospore
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fE, BTl T KB N RE AL IE BT,
22-23°C Fid i J5E, HUH HOE 7 SR 4k 2 s
7%, RHFI &G LRI 2 PPDA Kiidk
TR R

1.2.2 WaKHME: ¥ 18 i RELRE K
Gy A EEFRT PPDA B FR A, 22°CfH IR T
Bi e, frm 2 KPRy, H 7mm §T
FL28 UM [F] A2 B P Fl T PPDA 1597 2%
Hge, MEE 4 RIFUER A 1 7RISk 55 R
R o 22 K, FEIE 16d, 37745 AT
MEFELE BitaHfidsk. B0 34
#HE,

1.2.3 R R : 0 A I ) R R AR
PR FR B ERAR B A, 2 5 Behh 21 B B
IR P TR . H 7mm FTFLESEL 5
Pt i B B T AR R R R, 23°C
140r/min BEGEE % 3-4d; B 10mL YA B Fib
PRI RS, 23° ClEEES IR 4-5d;
KGR GG FRIEAE 14°C T EOLE R 6h
HATAGIR AN L 2 23 C R B
It R SER R B AT R IK.

1.2.4 EWEYIR PRI E: (1) HEER
PP S E . % kaEHSE (2018) 7
R THAE RS, SR A B ROKIREGE (X
FIR%5 2007; Zhang et al. 2012). ¥ T
SRR RE L 80 Hf, FEHAFREL 2g #Fank
K, H 50%[H CEAE AT, LA 1:50 FOENEK
Et 80°C il A i AL FE 20min (T3 48W), 80°C
KHRSE 10min, BEH 4 R, B0 G
W, 0.22um FFLIEME I8 fE HL 20uL A St
1T R SGEA BERE I . B 2 AT
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Venusil MP C18 ¥ (5um, 4.6mmx250mm),
WA AZK (A AHD) -HEE (B AHD; Jiis
ImL/min; &K 254nm; FEiE 40°C;
FEE 20uL. BEBLFEFFN 0-5min: A-100%,
B-0%; 5-10min: A-95%, B-5%; 10-30min:
A-70%, B-30%; 30-45min: A-100%, B-0%.

(2) BREIHEIU N E : SH K ESHEE
(2018) MIJTVEFFRHIE R EE, R A A
IKAEBUE (X SR 2% 2007; Zhang et al. 2012).
FREUH 3-SR R 0.58, MAZLETK
80mL, 85°CHEHL 2h, FRAHI =R, L.
SEAS B0, 0.22um fSLIEE L JE FIETR ),
B 20pL A% 2R AT 1 RGO i Al . €3 2%
K. %k Venusil MP C18 # (5Sum,
4.6mmx250mm), VAN AFEE (A FH) -7K
(B #H); ¥iiE 1mL/min; KK 260nm:;
FEIR 25°C 5 BERE B 20uL. PE iR 9 0-10min:
A-25%, B-75%.

(3) FZHEMHREL AN 3 : ZH 45—
& (2019). HEICIEEE (20200 HITTVEFFREAE
VR . SR A HOK-BEYTE, F HRRE 5 7R T
B% )5, 1 80 H i e A B RN 5g FF il T~ 100mL
BLEH, NN 10 fE R FR 25 8 oK fE K i
n# 1he T 12 000r/min &0 Smin, HX 20mL
FIEHTEOE T, A 3 AR K LR,
ACHK, HLF EiE, T 50C T 21E
B R BB ER VAT E , R I
WREVEE R M EVa N, RS 2mL BT
T v R b, SERIIDON emL BRI,
PG IS . A RE AR & T i K% o 4
15min, HUH 5 R T oK K% A |
15min, BEMKE 3 NEE.

(4) B-KHHE PRI LN E: &5
XFreSF (2017). WS (2019) ML
TR, R A ROK-BERRYE, # s
FEMTE I EEfG, 1 80 H M G ASHIFREL 3g
FEf T 100mL 2508, II 20 546 FR 60%
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ToIK CREATROKIRFE . B0 5 B 5
0.22um JEMILJEFFHL 20uL B 5 AT m AR
FHETERTI . 21 FAIE N Venusil MP
C18 ¥ (5um, 4.6mmx250mm), JRzhtHN
G (A A -TAFER (B #H); L 1.5mL/min;
R 450nm;  #EIE 30°C; HEFEE 10ul.
e A2 P 0-10min: A-95%, B-5%; 10-40min:
A-40%, B-60%; 40-60min: A-99%, B-1%.

(5) MR N E: ZHEFFHE
(20200 TTIEFFTEME S . R A
POK-BEHE%, PRI 1g W HUOR TS24k K,
N 50 FAARFRITE/K LB, 80°C T i
(240W) ZHE 2he B0 JEHUEIETRA E Ak
O3 HEAT I GE o KRR S TRV R
EIREEEN, T 4470m MEBOGEE.
1.3 ZECE EFE R

S RNEEE (2017) FRIE A2 e 7
MAT-alpha fl MAT-HMG & 514 (% 2).
PCR S WAK & : 2xTag Master Mix 12.5uL, A2
Bo A 5140 % 1uL, ddH,O 10.5pL, T 1uL.
PCR X M. 45 fF: 95 C A= 1%: 3min, 95CARE
15s, 60°CiR/K 15s, 72°CZE{# 1min, 35 M
W, 72°CHEH Smin. NP YIR 1%3E B
P HL VRN

*2 XEASIHFT

Table 2 Primers for amplifying mating genes
GIE/EZR S gl

Primer Primer sequence (5’-3’)

MAT1-F CGCGCAAAACGACCATTGAA

MAT1-R ATATACCTTCGCGATCATTG

MAT2-F ATGGATCTGCAACTGGATCGGACCA

MAT2-R CTACATGATTGACTCCGGGCTCATTG
1.4 RS

SRS (2018) M k-fe/NH—
B a=(X-Xmin)/(Xmax-Xmin), X7 H 6
PR BT A b AN R EAS 1 TR R T B 22 KT

T RANEE R & BT 0T, S
BB, SHTILE, R
B

ARSI SRR SPsS BMIERT 4
S, RIBBE 2T, Pe0.0S Hmk

TR

2 XRG040
2.1 I[EEHK{E PPDA IZFHE FHE £ KIR
M E A M ER

X BRI 18 AN B B AR AT B
22 KN E VR S UE (R 3). Wek
WS, B F2-1. F4-1 1 F5-2 Kol e
Ab, HAR 15 ANERETREEER; HKRE
A7, WK F2-1. F3-3. F4-1 Al F5-1 A%
BIR, HREREESCE; AR~ T7MH,
R F1-1. F2-2. F3-1. F3-3. F4-3. F5-1.
F5-2 fil F5-3 3= s R, HARBEHRA ™
Bx,
2.2 FIFHERR

X BRI 18 AN AR AT H B e
(K 1. B2 f13R 4. B 5515 20 3@ ik
AR R RORE 22, Bk F1-1. F2-1. F5-1
SOE RO RGN BRI T 5Lk, W
BEFE F3-1. F4-1 F1 F6-1 A HLEE T G /N -+
SEAR, TCTHETE; A B TR R AR
ROREAR TR Z 0 S I w Ak, HoA Btk F2-2.
F4-2 1 F5-2 HJREIEH 2 HIL KSR 758
&, F1-2 f F6-2 TS/ BN AT #5%
[F)F-SEAR, F3-2 ANFIZE T B /N TS24,
TTFHET; {17 S5 20 00 R B A H B
R, 6 MR NRA TR T8
T, FORBUEEER, MRS, TR
T R R T A A 4 B D TR AR
F2-3. F3-3. F6-3 J= 035 T B A% A7 82 53
BRI RR, F4-2 Al F4-3. F5-2 Al F5-3 PR 1T
EHETHEESBEE, F1-1 M F13 78R
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Table 3 The mycelial growth and colony characteristics of 18 Cordyceps militaris strains isolated

Ik

H K T Y AL

Strains Mycelial growth Characteristic

rate (mm/d) of colony

73

H K%

Strains Mycelial growth

rate (mm/d)

B VR R AIE
Characteristic

of colony

F1-1
F1-2
F1-3
F2-1
F2-2
F2-3
F3-1
F3-2
F3-3

2.028+0.048 bc  F#. KP4 Dense, light yellow
2.417+0.289 ab (%% . {4 Dense, white
2.472+0.481 ab %% . {4 Dense, white
1.958+0.191 bc  ZLEAIR. HE Fluffy, white
3.222+0.419ab % . VX A Dense, light yellow
3.722+0.127a  $%. ¥4 Dense, light yellow
2.0000.167 bc  F{# . X ¥ {4 Dense, light yellow
2.22240.127 abc #% . H Dense, white
2.444+0.192 ab  ZLEAR. KT M Fluffy, light yellow

F4-1
F4-2
F4-3
F5-1
F5-2
F5-3
F6-1
F6-2
F6-3

1.222+0.048 ¢
2.222+0.048 abc
2.306%0.127 ab
2.41740.220 ab
1.694+0.127 bc
2.222+0.529 abc
2.028+0.048 bc
2.19440.210 bc
2.50040.464 ab

ZREAR . EE Fluffy, white

% . (4 Dense, white

HZ ., KD Dense, light yellow
ZREAR . IRIE D Fluffy, light yellow
HZ ., KD Dense, light yellow
HZ ., KD Dense, light yellow
% . 4 Dense, white

%, 4 Dense, white

% . [ Dense, white

E: A—AAATFHEREEEER (P<0.05) . TH

Note: The different letters on the same list mean significant difference (P<0.05). The same below.

F4 FS

B1 +/\MEBREERRLEE R

F6

A: BZE; B TIESE; C: T H

Fig. 1 The morphology of fruiting bodies of 18 Cordyceps militaris strains isolated. A: Strains isolated from

sclerotium; B: Strains isolated from stroma; C: Strains isolated from spore.

Hmt F12, TRAT RGN R R
R EE T T AZ AN 1 A0 3 e

ANEI R A AT BRI, F2. F4 FITFS

[ JRE A6 0 T R AS FR) BT 11 1 B ROR A
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F1-3 F2-3 F3-3

2 )\ NMERFEREEYIE rR=5mm

F4-3 F5-3 F6-3

Fig. 2 Cross section of fruiting bodies of 18 strains. Bar=5mm.

= 18 N EMRI R E A S 6 N
A b R SR P AT LRI,
BT AR TSR . R/, BT 2
Ak (B 3), HAEHK F2. F3 f
F5 7870 B9 B R 1 7 S A4 A LU B A - S B
R FEFREIRE ., ZEE RN R E
PR 2 R — e BT = .
2.3 EMYIBRNE

933k — 2 TR T 0 U REAN [F] 5 A 23 TR P
PTG B & 5, 0 H B TR R 1 SEARAE i gk
ITZFEED R I E (R 5), Bk FL 2B
3ANBERAL, HoAth 5 AN d FEREAAS R R A 4y
B TR PR 1 7 SE A H 2V R R 7 B R AR L
) (PR 5 R R 8 70 5 (1) T AR 38 S 2
BT EE S E. 30 Rt kB,
18 MNRPRIIZ & = AE 14.500-131.983mg/g
Z I8, HERKEELE 0.725-6.599mg/g 2 ],
PR PE R S R A RS, S
¥JLL F5-2 e, F4-1 iAik, HorB5H F4. F5
HIF6 1 A () - SR v A ) o 25 B30 B 2

FH TR T FIEAZ AL B R, 1 F2
A F3 H U DA 43 B T SR R R
N®-(2-¥2 2B IR P & BAE 0.177-0.571mg/g 2
6], HUIrBE F4 25 EE Ak
S HE F3 BRI A BRI BRI b
BT 34.436-124.256pg/g 2 7], HA Ly
HHE F2 SRR RS HERS R
0.094-0.397mg/g 2 ], HA LI B H F2 (4%
PR R A 1
2.4 RZELRVNE

Luetal. (2016) W F &I AC HE 2 Ik 2
2 FEUR R ETIE R TS, ARSI A
XT 18 AN BRI B 2 A L, 3 — 2D R
PRI R AT T 8w .. 25,
18 NI & A S HC T S K] MAT-1 FIl MAT-2
(E 4,
25 FERIFBMUD BHEHERKRBRNES
N

TEVL LS E Fabr 2Rl b, AT E A
T VAN AN [F R 23 B I B MR I 25 B b R, oy
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BN B FEREAR A F R R AR WK S A S S T R B w
DSR2 ST NSO M Vg %D{ﬁfiﬁizéj\m%ﬁ» B, BRI F1L F2 R F3 AEARSES
BATIHAR S, JFetlEEE. BrFLAh, MR ERT, T BRI
HAx 5 MEARR %El’]l’l‘%*i‘@?ﬂ@f“" T H TR B MR (B 5).

* 4 HEERE KBRS

Table 4 The growth index statistics of different strains isolated

L T ARG TRTCEE PR T
Strains Fruiting body color Perithecium density Yield (mg) Fruiting body morphology
F1-1 W HED Light yellow ++ 4.67+0.57 a g 45 7 sk
Thin, short, orbicular head
F1-2 P& H# {4 Orange + 0.70£0.70 b g 45 7 sk
Thin, short, orbicular head
F1-3 P& 4 Orange ++ 5.70+0.50 a RIS
Thick, long, orbicular head
F2-1 P& 4 Orange o+t 1.6310.45 b ZIENEES
Thin, long, orbicular head
F2-2 1% ¥ f4u Rich orange ++ 6.70£0.87 b FHAC R Sk
Thick, long, orbicular head
F2-3 I ¥ 4 Rich orange ++ 15.53+1.84 a FK [ 3k
Thick, long, orbicular head
F3-1 R Light yellow - 1.03+0.25 b ARSI S
Thin, long, sharp head
F3-2 W Light yellow - 1.1740.32 b AR
Thick, short, sharp head
F3-3 % %5 {4 Rich orange + 13.70+1.20 a FHA [ Sk
Thick, long, orbicular head
F4-1 WHF D Light yellow - 0.3740.38 b FHEE RS
Thick, short, sharp head
F4-2 1% % €4 Rich orange ++ 13.3¢¥1.31a Kk
Thin, long, sharp head
F4-3 % 3% f4 Rich orange + 13.43+0.70 a Kk
Thin, long, sharp head
F5-1 P& ¥ {4 Orange + 10.50+0.70 b M2 3k Thin, long, sharp head
F5-2 % ¥ & Rich orange 4+ 15.47+1.46 a K2R3k Thin, long, sharp head
F5-3 1% ¥ 4 Rich orange ++ 13.43+1.01a FH K [E 3k Thick, long, orbicular head
F6-1 * T Light yellow - 1.60£0.70 b #1457 2% 3k Thick, short, sharp head
F6-2 %35 4 Rich orange + 2.87+0.31b K& 3k Thin, long, orbicular head
F6-3 1% % €4 Rich orange ++ 7.23+0.75 a FH K [5 3k Thick, long, orbicular head
e - T0s 4 BB 4+ IRE: 4+ (RIRE

Note: -: None; +: Sparsity; ++: Dense; +++: Very dense.
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3 ANMHAEWMBEFIAS 18 MME
C: 4388 ArR=1.5cm
Fig. 3 The morphology of fruiting bodies of 6 wild and 18 isolated strains of Cordyceps militaris. A: Strains

KA HEEREDNFIEE A WO E: B THESE:

isolated from sclerotium; B: Strains isolated from stroma; C: Strains isolated from spore. Bar=1.5cm.

5 HEEREEIBRNELS

Table 5 Determination of active substances of the isolated strains

Pk

Strains

EZ |

Polysaccharides (mg/g)

HER

Cordycepin (mg/g)

JiRE

Adenosine (mg/g)

(EESE N

B-carotene (ug/g)

3R

Xanthophyll (mg/g)

F1-1
F1-2
F1-3
F2-1
F2-2
F2-3
F3-1
F3-2
F3-3
F4-1
F4-2
F4-3
F5-1
F5-2
F5-3
F6-1
F6-2
F6-3

71.117+1.079 a
34.600+1.744 ¢
42.367+1.150 b
43.967+2.059 c
47.907+0.372 b
97.203+0.486 a
24.300+0.625 ¢
31.767+0.666 b
51.833+2.040 a
14.500+0.656 ¢
94.133+0.569 a
41.817+1.475b
45.300+1.603 ¢
131.983+2.935 a
74.900+0.608 b
43.200+1.706 ¢
114.250+1.693 a
96.833+1.604 b

3.556+0.054 a
1.730+£0.087 ¢
2.118+0.058 b
2.198+0.103 ¢
2.395+0.019 b
4.860+0.024 a
1.215+0.031 b
1.588+0.033 b
2.441+0.358 a
0.725+0.033 ¢
4.708+0.028 a
2.091+0.074 b
2.265+0.080 ¢
6.599+0.147 a
3.745+0.030 b
2.160+0.085 ¢
5.780+0.212 a
4.642+0.415b

0.263+0.008 b
0.282+0.006 b
0.359+0.019 a
0.332+0.016 ¢
0.423+0.009 a
0.379+0.004 b
0.132+0.016 b
0.177+0.006 a
0.197+0.003 a
0.264+0.021 b
0.571+0.040 a
0.563%0.007 a
0.123+0.003 ¢
0.247+0.009 b
0.298+0.008 a
0.206+0.007 b
0.444+0.017 a
0.221+0.002 b

50.137+2.156 b
41.477+0.628 ¢
61.210+£0.968 a
88.889+1.413 ¢
124.256+1.800 a
93.302+2.594 b
55.177+1.455 c
65.105+1.679 b
72.056%0.464 a
44.229+1.875 b
55.116+1.380 a
55.255+0.591 a
43.400+0.484 c
52.762+1.280 b
55.055+1.243 a
34.436%0.490 c
69.187+0.607 a
64.821+2.363 b

0.108+0.004 b
0.136+0.001 a
0.131+0.012 a
0.168+0.007 b
0.173+0.018 b
0.334£0.023 a
0.200+0.028 b
0.218+0.010 b
0.397+0.016 a
0.094+0.004 c
0.137+0.001 a
0.117+0.003 b
0.132+0.001 b
0.180+0.004 a
0.126+0.009 b
0.136+0.003 b
0.152+0.004 b
0.3304+0.026 a

T AN R 20 B8 B (A AT 2 57 38 R O #r

Note: The significant differences between isolates from different parts were analyzed.
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Fig. 4 PCR amplification of mating type genes of 18 strains isolated. MAT-1 gene is shown in the upper picture,
and MAT-2 gene is shown in the lower picture; M: DL2000 marker; F1-1-F6-3: Strains.
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Fig. 5 Comprehensive evaluation of quality of Cordyceps militaris strains isolated from different parts of wild

samples.
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AHFFERT 43 B8 6 BB A b B EAS [
P 18 NMHEMRIATH 2 KE . HE LSS
fE. HERIS A Y & 2R B, A
I SN 43 B85 T T Aok 22 1) DA 5 T 52 8 A 34
FUEREER, KPP TRATENERS
TEEFI B A% B R AR AR LG, TR 22 Kl
AR, HERSSHPES FEATMT
JAE 43 B B AR ) T SR S R S R B
FEZ BRI 320 LR B A= iy o e
oy BWARN T SER A, WTUUE T #M
T3 B 0 TE MR 5B A RN T R Gy B T B AR A
o, HFsofioft, FHmlE, B
stk WA RS ELASE (2012)
MBIEESE (2016) MIWFFRSE RN —FL,
Wit —BIES T T RMA T Bk 7R
AR B L SR AR L R EIRIX — 258, AT
U HE 5 0 LA R B R 1k B B BT AR TR AR
PR R PR AL T BRI -

HE G AP, 18 AN RIS A UE KT
SR, HoA B4 B I R R ) T S AR
B TR AL TR B B bR RE Sy
BIMEARIRZ s B B R R S K
HRZEE (2018) FIEFEMSE (2020) X T W
BRI T TS, R EBUE AR
W B, SRR E A M AL B R &
ik SiAHEasR, kDX AR s
BRI REAT WV RS TR, WK
EHBIRME M (F2-1. F3-3. F4-1. F5-1)
H R R A S 2, H VR S EUE A 1 A
(F1-1. F1-2. F3-1. F3-2) O ARH B
FrEf. HILEE, HEESTTUHTFHE
W AR VG, HARIMENEHHEESS
192 52 T 5 o

I LA TR AT 2 35 1 4% B AR v PR )
RS R, BER, 2. N-(2-}2 23

AR, B-2REAE N RAIME R
R AR 2 R, (EAR DL AR [
R, BP0 R A B I AR R S
FREERESTEZSEMEE, BEAF
PR, BRI 20 1S E R I A
[P SA . FIT NI T AN RIS A 73 25 B ik AR 7T
FEERTE R 2 R A R
MOIREETT I (TEESE 2017; #R1H%F 2020;
FIEREE 2021), KT AS[EIBAL 3 B8 B bk K
PR 7T AR ARG . AWK, TR
TR T A ) B B B AR S A TR AR T B A% 40 8
(RVBRI R, EUR B A A0 7 o2 B 1) T R
ITHCROR I, BARF 3T 7 S B R AE
BLSLIG o  R IAR, BAETE TR S
DT, R R X A S
PERCAY T A S) B R R S R IR . i R
B SRRV RO RS 2 B R R R,
WIFSEAR KN TEAR AR & (i 55
2017; XIEEESE 2018), AHFFT AR IR
AED, H AT RE SRR N A —EL,
Fr AT 50 HR i 14 B 20 R 2 45 SR A — 58
2k, AH ] B TCVEAE AN [R) B bk (a4 22
FPETHERR o

A2 T 24 e PR A 425 ) 3L B A A B ) O
A7, b R T AR E R RS H R, A
PC AL R AEE B R A RIVR R AZ IR MAT-1
M MAT-2, HiF 58 R 5 — =2 e B L PR B AR
IR SR B 7 EAS= 4 T35 (Lu et
al. 2016). ASSLIGA 18 N B Ak EARHEL AT LA
TR SR, ABAS [A) B AR ) 22 Sk, HLEA
Pk F3-1. F3-2. F4-1 fil F6-1 LT #R NI
B AR E R I AS S b BT R AR
BI& A RSO R LR, DR R, R AL
RIS, T 37RO 2 2 M R & 5
Wi, 27 H R ) S B L TR N AN B Ak
oy B Ja KA IR EE, BAR R e 7R B —
B FC o
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