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Diversity and community structure of endophytic fungi in Corydalis yanhusuo
tuber and their correlations with tetrahydropalmatine content
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Abstract: Objective To analyze the diversity and community structure of endophytic fungi in Corydali yanhusuo tuber and their
correlations with tetrahydropalmatine content. Methods The endophytic fungi in C. yanhusuo tuber from eight localities (Pan’an of
Zhejiang Province, Dongyang of Zhejiang Province, Jinyun of Zhejiang Province, Sanhe of Shanxi Province, Dongjiaying of Shanxi
Province, Kaixian of Chongging, Xuancheng of Anhui Province and Xinyang of Henan Province) were isolated and identified according to
the morphology and ITS sequences, so as to analyze the community structure of endophytic fungi; HPLC was used to determine
tetrahydropalmatine content, and Excel and SPSS were used to analyze their correlations and establish multiple linear regression equations at
different levels of dominant genera and species. Results A total of 1 742 endophytic fungi were isolated and divided into 19 taxa (14 were
identified to species level and five to genera level), belonging to 3 phyla, 5 classes, 10 orders, 14 families and 15 genera; The
tetrahydropalmatine content in C. yanhusuo tuber from eight localities was higher than the standard of Chinese Pharmacopoeia (2015
edition); The richness (S) and diversity index (H’) of endophytic fungi in C. yanhusuo tuber and tetrahydropalmatine content in Zhejiang
Province were extremely significant or significantly higher than those in the other localities. The diversity index (H') was significantly
positive correlated with the tetrahydropalmatine content; There was the largest positive correlation between the tetrahydropalmatine content
and T83 (Trichoderma sp.) (correlation coefficient: 0.793). Conclusion There are abundant endophytic fungi resources in C. yanhusuo;
T83 as a dominant endophytic fungus probably related to the accumulation of tetrahydropalmatine.
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Table 1 Germplasm resources of tested C. yanhusuo

7 G e AR (B) 4 (ND iHi/m

St LI 119°05"  31°03' 36.0

S2 HIRIFE 108°21'  31°12'  708.0

S3 BRPGIESE  107°16'  33°05"  486.0

S4 bE =R L 114°44"  32°17' 44.0

S5 Bepg —A81 107°22"  33°08"  473.0

S6 Wi LS = 119°59"  28°44'  182.0

S7 WL 4 PH 120°22"  29°05'  209.0

S8 Wrvrag 120°23'  28°57"  300.0
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Marker (Takara 23 7)); YeaRed R4kl (il
AEVBEATIRAA]D: VUYEF BIERE (BIOWEST
7] ); 2XTagPCR MasterMix (Takara A7) ); filf
e CREET R RS = Al CRighThr ]
BRI A D O CREEZERETAF]D; H
g CREZERE AR 2l (P2 28%,
WA TR A ED R IR A DD

W TAES CRERERSDE A RARD; 22X
2K RSO A RA D 5
B CRgm ARl ABR 2 D) Bk (b3t
INTHEPRHERAARA D BIRNRE RS (L)
R AR A A D il R E 0Nl (GEER K
HRRHE A RATD; PCR 1L (FEER G H/REHA
MRAFD: AR ORSOT T HAEAT IR
TUEA D s RGO A 1% (X (Waters-PDA Fill 43
Ty 2R (R -FER 2 464D midohy
PERL U T AR AU PR A =)D 6
2 A&
21 REEEMSBEEEE
2.1.1 AFEJESBNAEERKRRN S Rk
(RS 11 2R B 2545 F 2R KR Uk 30 min B 25 3R 1T
e AR, H B IE AUl TR K5y, AT
3 RMIREALEE (75%Z B 1 min, 2.5%IK &R
B 5 min, 75%Z 8 1 min), HEE/KPEGH2E%
TAI5% P RORS F5 7 TG B B 4R IR K 4y o %
HHLE T AR ISR NP (0.5 emX 0.5




¢ # % Chinese Traditional and Herbal Drugs 28 51 %% 28 7 #§ 20204 4 A

emX 0.5 cm), EH T 50 mg/L 5 %M PDA 4
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T I Ve A PR KR I A S 2 AR T AR TR
A AV E AL

213 REREWHME  FH NCBI Mk
BLAST #7445 2 () ITS J¥ %1 5 Genbank [ 2
AP AT RE G, P TA 5 %550
WEPER = S, A MEGA7.0 8 (R A8 1 2
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EINALIEW 25 mL, TARIAET, HPEwRRC
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1-tetrahydropalmatine  S1—S8-C. yanhusuo samples
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Fig. 1 HPLC of tetrahydropalmatine substance (A) and

extracts from C. yanhusuo tube (B) from eight localities
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Fig. 2 Agarose gel electrophoresis of PCR products of

different morphotype strains
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Table 2 Endophytic fungi isolated from tuber of C. yanhusuo in different localities
e
e ;?H”\ — . B4 (F1%)
TS FEREIT H0EH RERE Ak L) & BB T o Fusarium solani (MK027264)
7 FEEIT ERWN WEEH AR WIwE AR Fusarium equiseti (MK764999)
T79  TERT FER RWEWEH Ak WIw R BT ] Fusarium acuminatum (MH782585)
T89  FHMIT FEwwWN WEWH  AAH W R JZ TR Fusarium proliferatum (MH933697)
T86 FHW[IT WP WERHE M5k Volutella Volutella consors Volutella consors (MH892581)
T97  FEE[T WP WERE Rk Hiwa)a AL 20k Clonostachys rosea (MH911376)
T83  TEHE] XEN WEEH  AEEF AER Trichoderma sp. Trichoderma asperellum (KU933475)
T25 FHEIT FEREN KEH Australiascaceae BT Monilochaetes melastomae Monilochaetes melastomae (MR161124)
TI7  TFHRT FRER REWE B R HER Chaetomium globosum (MK120280)
Tl FRET FERWN WEExH  REH I 572 I ST Diaporthe phaseolorum (MH782589)
T99  FEEI] #THN RAKH  Microdochiaceae  Microdochium — Microdochium bolleyi Microdochium bolleyi (MH860589)
TI5S  FEE] BEEHN HAEEHE Phacosphaeriaceac  Ophiosphaerella Ophiosphaerella agrostidis Ophiosphaerella agrostidis (KM434272)
T2 FEE] BEEHHN EAKEE Phacosphaeriaceac  Setophoma Setophoma terrestris Setophoma terrestris (KY561337)
T91 TR WEEN HENH  Aspergillaceae HEHE Penicillium raphiae Penicillium raphiae (MH186002)
TI3 TR LWA  GEE AR L2 A Rhizoctonia sp. Rhizoctonia fragariae (MG547907)
T96 HFHIT AWN  AGWEE AR 2 A Rhizoctonia sp. Rhizoctonia solain (MH855685)
T4 HYHEI] SE4A  Z4KH  Phanerochactaceae A Bjerkandera sp. Bjerkandera adusta (F1810147)
T82 EHI1  EHEHN MERE  EEHH EERE BREE Mucor racemosus (KX060585)
TI02 E#H[1 EHEH MEFH ArBRIERN  ALERE Absidia sp. Absidia repens (JX501765)

x3 NEEEMEHRHERMBIE
Table 3 Number and similarity of endophytic fungi

s S1 S2 S3 S4 S5 S6 S7 S8 RS ARRE%
T5 108 61 79 98 100 70 79 50 645 100.00
T7 69 56 50 41 50 49 63 30 408 100.00
T79 016 0 0 5 9 6 8 44 100.00
T89 00 0 0 711 0 0 18 100.00
T86 014 0 0 0 4 6 0 24 97.96
T97 0 71 41 12 30 20 22 21 217 100.00
T83 00 8 0 0 4 9 10 31 89.16
T25 49 26 27 24 20 31 27 20 224 97.66
T17 00 0 0 016 6 20 42 100.00
Til 00 0 0 0 0 0 11 11 99.04
T99 00 0 9 0 0 0 0 9 100.00
T15 00 0 0 0 00 7 7 98.55
T22 00 0 0 0 0 6 0 6 99.17
T91 00 0 0 8 0 0 0 8 100.00
T13 00 0 0 0 9 0 0 9 89.59
T96 00 0 0 0 0 7 0 7 89.76
T4 000 0 0 &8 0 0 8 95.59
T82 00 019 0 0 0 0 19 98.25
T102 005 0 0 0 0 0 5 61.58

F4 TEFHEHERZERNEERFEE. ZHMEELNS
EPRCZEEE (x+s,n=3)

Table 4 Richness and diversity indexes of endophytic
fungi and tetrahydropalmatine content in C. yanhusuo from

different localities (x + s ,n=3)

M S  SH H'MA LR L3 %
S1 3 1.046 5 0.055+0.001
S2 6 1.6250 0.063+0.001
S3 6 1.505 6 0.11240.002
S4 6 1.454 0 0.11910.001
S5 7 1.5010 0.129£0.002
S6 11 1.792 6 0.142£0.003
S7 10 1.808 1 0.147£0.002
S8 9 2.006 1 0.246+0.001

HIER CR SRR Z I0EERA T, JPRA
KIHN AT HERR

R CEN S (Y) FBRJIWE Fusarium
(FU). K% J& Trichoderma (TR) . X % )&
Clonostachys (CL). EHEIJE Monilochaetes (MO)
(ARSI PP S e LEMERITFE . Y=0.361—
0.164 FU+1.457 TR—0.408 CL—0.851 MO, =
0.890, #=0.747 0. EHLHARLFI L TR
RIEMX, 5 MO, CL. FU 2 i, WEi%R
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Table S Similarity index of endophytic fungi in C. yanhusuo tuber from different localities
. Cs &
" S1 S2 S3 S4 S5 S6 S7 S8
S1 1.000 0
S2 0.666 7 1.000 0
S3 0.6154 0.666 7 1.000 0
S4 0.666 7 0.666 7 0.666 7 1.000 0
S5 0.600 0 0.769 2 0.666 7 0.6154 1.000 0
S6 0.428 6 0.7059 0.5882 0.470 6 0.666 7 1.000 0
S7 0.4615 0.750 0 0.6250 0.500 0 0.5882 0.7619 1.000 0
S8 0.500 0 0.666 7 0.666 7 0.5333 0.6250 0.700 0 0.736 8 1.000 0

TR/ N BT TR MOL CL. FU.

SESHR L EW S (V) F T7. T25. T97. T83.
T82. T89 RIAH X il 28 ] 4L Jsd dpe DI 4 1k [ U1 7
i Y=0.508—0.932 T7—0.774 T25—0.517 T97+
0.793 T83—0.838 T82—0.733 T89, *=0.999, %%
=0.991, FWIEHR L EI SR T83 EIEHK
KZ&, FT7. T25. T97. T82. T89 EHAMKKR.
XT3 1 2 B RN PR A T7 T82.
T83. T25. T89. T97.
4 g

ALK B e I E R N A BRI T
15 A&, AN )= Hb E 28 B 2K P AR TURR T B R L
R EE SN R ) P E e SRR FE el
SR N AEREREE 3 MHFE, A
Fusarium Penicillium+ Mucor. TR MNIEFHR I
BN RSP 12 ANE, 10 ANE Ak
FEAEI N AL, 534 2 ANEWY Absidia F1 Volutella
SNy B A5 210, A S ok SR R
P9 ZE B M AR ek B 20T R, B
TV B A B A P AR T ] G DA, TR
TR RS BN AR O I H TG, 8
AN AL R ) RS SR A T, v
YR Z A . BT 218 AEYIAR . 250 A
FE, AEZMIEER, WRSWEE ST -
MR (AAL) %, XLHR AR, 6
WS FEY AR, &R SaRes DRI B v Al
Fe A BB 8 Monilochaetes infuscans 85 S 5UH
T H AR TR I B 50 4%
AR, A FREPCAN R SN A R
o RN ) e A S N A B 7 b G R M A A ) 1
RABBE L E R AER Wz —, JLAER L

b, wEAAE WHE. BICE ITREAE Y
HIEBT B 2 O 2 N TR 908 35 (1) AE )
AP, S PR oY e W A B 5 T LA A A
P TR R IS R ARG, JF HA
AR B ImFEA . BrRENERERMAERL. RS
FEA LU A AR R B R RN Z M AR E S
MEETERIPUESR, R R M SR
SR =Y, AR A . WA A
JEP RIS LA 2 AR R R, o] Re R L E R
PP EHR CE T BRI R o i — 250
AR S AR RN B AR BT B A R AR, WSS
FETHRAKNIEH R L5 5 2R

REPAR L F T S WA FL B 2 R R e (2 3
ARFF RN AEF R T83 (Trichoderma sp.) S5 #EHHZER 4
RO ERKIEMR (HRREN 0.793). KRER
EHELNAERIE -, WU AE TR R, (2R
RAERKKE, PR FErdurE, LA™
Yirh RAHCPUREY I s TR AR K R
YIHE R % T IR0 AR LA e bR 5
i SR e i AR 25 R A T IR ek, TS —
FRIVFFIR IR AR AT, A TR = A ik A A
PR E MR A PO, Py B B A
PO ARd E 3, AREkE T BUR A I EPT, ER
L& NS ARG 1), AW TR IR
P 1 PSRRI A G R BIRARIA, TR
FIRAE > TR VE R RGIRFPENE S 72—,
R ) SAE DA N PR BT R R0k, 3B
FUERES01 B, HEN T83 AT fiE S E R e P
R CER R EYIRR, TR E ST
B I E -

WX (ITS) Frall C4 v H T H i
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Rl 2 MR GR BRI, FeaxX

5.8'S. 18'S 128 S rRNA )L 57w B ik

R T 2 B S A RIS o 1TS S rh AR X 3,

FEORST PEREAS BRI M) 22 LU 2, i

ZEFM/N, DU ITS IXANINAN A RIAZ B A4, £33k

WL FE ITS FPHIpr 2 ik £ D ARR /N, HRER

SOVFEZ 1A S, SRR, BIESRZ R R A

UTH 2 AR g R 1TS 2z #P. HITS H

—/NBL DNA 741, P A7 A D B et 2 1)

FHF4E5E 10 1TS JP R BAEAE 2 SIS, Rk
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