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Abstract: Objective To analyze the taxonomic structure and diversity of endophytic fungi of Huercao (Saxifraga stolonifera) by
high-throughput sequencing technology and traditional culturing techniques, and screen the endophytic fungi strains with antioxidant
activity, which laid the foundation for the utilization of the endophytic fungi of S. stolonifera and also provided microbial resources
for screening of natural antioxidants. Methods The diversity of endophytic fungi in S. stolonifera was analyzed using lllumina
Miseq high-throughput sequencing technology and tissue isolation method. The scavenging rate of endophytic fungi on DPPH, OH
and ABTS was detected by chemical method for screening the endophytic strains with antioxidant activity. Results  The diversity of
endophytic fungi in S. stolonifera based on high-throughput sequencing showed that the endophytic fungi of S. stolonifera belonged
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to 347 genera. The Dactylonectria (15.68%) was the dominant genera in roots, and the dominant taxa in stems was Humicola
(9.57%), while the dominant genera in leave was Colletotrichum (5.33%). A total of 381 endophytic fungi belonging to 31 genera
were isolated from S. stolonifera using the tissue isolation method and the main taxa were Colletotrichum (19.42%), Talaromyces
(10.76%) and Aspergillus (8.66%). Diversity indices analyzed based on high-throughput sequencing and the tissue isolation found
that the diversity of endophytic fungi in S. stolonifera roots was significantly higher than those in stems and leaves, and that the total
diversity index of fungal endophytes in S. stolonifera was higher than those in most other medicinal plants that have been reported.
The results of the antioxidant activity of 24 representative endophytic strains showed that stains with free radical scavenging rates
higher than 50% for DPPH, OH and ABTS accounted for 91.67%, 79.17% and 83.33%, respectively. Strain Taromyces sp. HECS10
had scavenging rates of over 75% for all of DPPH, OH and ABTS. Conclusion The endophytic fungi of S. stolonifera had a high
diversity and contained a high proportion of antioxidant active bacterial resources, which provides an important resource library for
screening natural antioxidants derived from microorganisms.
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Table 1 Alpha diversity index of endophytic fungi in roots, stems and leaves of S. stolonifera
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Fig. 1 Venn graph in roots, stems and leaves of S.
stolonifera based on OTU
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Fig. 2 Dilution curve of roots, stems, and leaves of S.
stolonifera
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Fig. 3 Relative abundance of endophytic fungi in roots, stems and leaves of S. stolonifera
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Fig. 4 Relative abundance of endophytic fungi at genus in roots, stems and leaves of S. stolonifera
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Table 2 Isolation rate and colonization rate of fungal endophytes of S. stolonifera
fHigiA HIIH KR H LR WA UL SETAZE % I %
Ui 130 103 103 79.23° 79.23¢
= 150 118 136 78.67¢ 90.67°
i 150 134 142 89.332 94.672
Bt 430 355 381 82.56 88.60

FF A E/NG LA RFRORIR . ZEE AR A2 (8] A B3 % % (P<<0.05)
Different lowercase letters in the same column indicate significant differences between different parts of roots, stems and leaves (P < 0.05)

Penicillium (7.87%). Wi/s7¢)E (7.61%) Filja] J&&
7tJ& Diaporthe (7.35%) (% 3). RHEHNAER
BRI A [0 A7 2 TB) A BT SRR A AT — o &
S WENAEEESR 20 NME, HMAREENRE
)& IR B A1 Dactylonectria, A% B
358 10.68%-. 10.68%F1 9.71%; ZE#fIL /)y E515
12 4ME, BB NRIEEE (15.44%). HAR
B (12.50%). [A]pE5EJE (11.76%) F il 25 B
(11.03%); 54b, MBS R 12 ME, RIHHEE
(29.58%). Wi/R5E)E (11.97%) Fl 5 % H 8
(10.56%) N ZLHKE.

3.2.3 R EEUR[RFAL YA LB R 2 R I AR
b RERANAEEER HOA 3.01, HAHRE H
Efm (2.81), HIUUZZEH (2.36), IH#E (2.18)
K. JRHFZER (0.95) FIARHES (0.94) MIMAEER

WA S FEFR O B = T (0.88) (P<<0.05). 22
T MRS 2R AR S (Rl P AR
B A AL 4R T 0.25~0.50, ¥ EEA
L (R 4D,
33 EEEALEAEEMSLEKFIESER
it 24 ¥RARRMENAE AR B, HoT%
EGR WK 5, FEXTEAIMPAME AT T 0
i, g5 RPL, DPPH H HEIEFRE KT 50%01 B
PRA 22 Bk, SR 91.67%, 5T 80% M B
WA 4 ¥R 16.67%), 4374 Cylindrocladiella sp.
HECR12. Talaromyces sp. HECS10. Phyllosticta sp.
HECL35 #1 Fusarium sp. HECS27, 3 v i #k
Fusarium sp. HECS27 (91.67%) )i H &
OH HHEHEMRE KT 50%MEEKA 19 ¥ (5
79.17%), =T 80%[ B kA Fusarium sp. HECS27



- 1930 - PEE P 2023438 #o4% H6  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 6
#= 3 EEENEERERFHEER
Table 3 Taxa of endophytic fungi in S. stolonifera
o ;. PN AR A R AE G 23 B AR 1%

F% i i % it il
1 IR B JE Talaromyces 10.68 12.50 9.15 10.76
2 HHEH B Penicillium 5.83 6.62 10.56 7.87
3 7% 1% J& Hypoxylon 4.85 0.00 0.00 1.31
4 fAHE & Ceratobasidium 2.91 0.00 0.00 0.79
5 TEHELH & Pezicula 291 0.00 0.00 0.79
6 #JE # J& Colletotrichum 10.68 15.44 29.58 19.42
7 fifi L1 J&@ Rigidoporus 4.85 0.00 0.00 1.31
8 /N fERESEE Cylindrocladiella 3.88 0.00 0.00 1.05
9 Z4KE T B Schizophyllum 0.97 0.00 0.00 0.26

10 AR B Nemania 6.80 0.00 0.00 1.84
11 “F# B & Phanerochaete 3.88 0.00 0.00 1.05
12 FEf B )& Corynespora 8.74 441 0.00 3.94
13 1% J5 B & Ceriporia 0.97 0.00 0.00 0.26
14 Acrocalymma 777 441 0.00 3.67
15 Dactylonectria 9.71 0.00 0.00 2.62
16 ih & B Aspergillus 3.88 11.03 9.86 8.66
17 Emmia 1.94 0.00 0.00 0.52
18 Muyocopron 291 0.00 0.00 0.79
19 2% 5% )8 Phomopsis 3.88 0.00 4.23 2.62
20 K% J® Trichoderma 1.94 0.00 0.00 0.52
21 775 )& Calonectria 0.00 8.82 11.97 7.61
22 &) )46 72 )& Diaporthe 0.00 11.76 8.45 7.35
23 7% J@ Lentinus 0.00 3.68 0.00 1.31
24 Bt 1 JE Fusarium 0.00 13.24 0.00 4.72
25 Coniochaeta 0.00 2.94 0.00 1.05
26 EMFfLEH Duportella 0.00 5.15 0.00 1.84
27 Pleurostoma 0.00 0.00 2.82 1.05
28 A B JHH Lasiodiplodia 0.00 0.00 6.34 2.36
29 Hypomontagnella 0.00 0.00 211 0.79
30 5% EHJF Pestalotiopsis 0.00 0.00 2.82 1.05
31 M- 55 5@ Phyllosticta 0.00 0.00 2.11 0.79
Fz4 REER. &, HHPREERNZSHN
Table 4 Diversity of endophytic fungi in roots, stems and leaves of S. stolonifera
v 1

MESG WA N L REE A sy T

] 103 20 2.812 0.942 1.00 0.38

ES 136 12 2.36" 0.952 1.00 0.50

i 142 12 2.18° 0.88P 0.31 1.00

st 381 31 3.01 0.88

5 4~5 S PR EVNG FREORAN FI AL 2 FEE SR RO S B F R R AR B R E R (P<0.05)
Different lowercase letters in columns 4—5 indicate significant differences in diversity index and uniformity index of different parts (P < 0.05)

A1 Colletotrichum sp. HECL23 , I R
Colletotrichum sp. HECL23 [1Ji&R%% (98.88%) =t
FHPEXTHEZE (Ve), BAR5RM) OH JEFREES); ABTS
H H3IERF KT 50%14 20 #k,  HdE vk
83.33%, H.HiiET 80%I1A Penicillium sp. HECS30

Al Aspergillus sp. HECS31, HiE k3R M54 81.27%F1
88.70%. itk Fusarium sp. HECS27 %} DPPH. OH H
H L& R R T 80%, 1H Fk Talaromyces sp. HECS10
X DPPH.OH.ABTS 3 it B I HiERRF I & T 75%
(%£6).
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Table 5 Molecular identification of endophytic fungi from S. stolonifera

75 kRS MR ORI Pk — % &
1 HECR8  #  Ceriporia alachuana strain FP-103881-Sp (KP135341.1) 99.24 )5 )& Ceriporia
2 HECR17 R Acrocalymma medicaginis strain 5-F33 (MW081367.1) 99.62 Acrocalymma
3 HECR38 @  Trichoderma asperellum strain SCGA5008 (JQ040319.1) 99.83 A% Trichoderma
4 HECR34 #  Emmia lacerata strain WZ-157 (MN872489.1) 100.00 Emmia
5 HECR12 @  Cylindrocladiella ellipsoidea strain CBS 129573 (MH865427.1) 100.00 /pfEELE Cylindrocladiella
6 HECR18 #R  Phanerochaete sp. strain DL12M (MT102860.1) 98.74 “F¥ )& Phanerochaete
7 HECR30 #R  Corynespora cassiicola strain SALL (KY806119.1) 99.64 FftiE )@ Corynespora
8 HECR35 4  Hypoxylon investiens strain FS57 (MF770837.1) 99.70  IA1i# & Hypoxylon
9 HECS10 2 Talaromyces verruculosus strain R 2 (SS) (KC416631.1 ) 99.29 {EIREE Talaromyces
10 HECS20 2% Colletotrichum boninense strain LCM 869.01 (MF495409.1) 99.83  JRJH K & Colletotrichum
11 HECS11 2% Acrocalymma sp. strain F2152 (KU747920.1 ) 99.40 Acrocalymma
12 HECS27 2 Fusarium verticillioides strain UZ487 (KM396284.1) 99.82  #kJJE A Fusarium
13 HECS30 % Penicillium citrinum strain QJF-22 (MN319561.1) 99.82  FH & K& Penicillium
14 HECS31 % Aspergillus fumigatus strain MF22509 (MH911420.1) 100.00 i Aspergillus
15 HECS28 2%  Coniochaeta fasciculata strain STE-U 9092 (MT298140.1 ) 99.82  Coniochaeta
16 HECSS8 2% Calonectria eucalypti strain CMW 18443 (GQ280631.1) 99.45 757/ Calonectria
17 HECL35 i Phyllosticta elongata strain LCM 886.01 (MF495420.1) 99.07 M % Phyllosticta
18 HECL27 M Lasiodiplodia theobromae strain FV (KX022498.1) 99.63 I AE A _fIE Lasiodiplodi
19 HECL3 " Pleurostoma richardsiae strain D23A (MH010952.1) 99.82  Pleurostoma
20 HECL24 1 Pestalotiopsis microspora strain AP5 (MH707065.1) 97.99 #l#%% Eff1)E Pestalotiopsis
21 HECL33 i Hypomontagnella monticulosa Ta-BL161 (LC505293.1) 100.00 Hypomontagnella
22 HECL23 ™ Colletotrichum gloeosporioides strain W-8 (KT390195.1) 99.83  JRJH K & Colletotrichum
23 HECL20 ™ Penicillium aculeatum strain LP65 (HQ392496.1) 99.14  WEIRTH R Talaromyces
24 HECL4 - Phomopsis heveicola strain XJJH-3 (KY379053.1) 99.29 )2 % )& Phomopsis
4 g Humicola. #E#7 )& . Wallemia. % JH 1% & FHH 7~

IR RE £ A TR, o AR
GER S 2 FEEIEAT S0 i, 1R 4R S 07 Tl e B
AT DABE U S 25 FHAE ) TR rTRR SR, o2
A BRI R IR P R RS S . AHF
FuKH Illumina Miseq =38 &0 P EEAR IS5 G155
R FROT RN T 2 1R BB AT T N AR BB SRR 4
¥y Je 2 REPE M. FET Mlumina Miseq i &5
FE PR E AT I Y 347 RN A B, R m T AT
B2y AR R 31 ANE, 3 6 B sl s I P AR 3R
BNAERERBEMZ G EENFEEMEM. &
BT AR EREEER . 2 ot 3N
MBETTATFEREIMBETHT], XS5HFA2E
Py AR O R AR, HAN, HIRAREA

Dactylonectria. Minimelanolocus. Mycoleptodiscus.

TR RS, HA R . R R R A
A R RO LRSS ) B RS B AR X
FEE R m R A 8 iR JH 1# )& « Dactylonectria AT
75 b TE iy s A B, (EAEAE
FBE mndE &N T R HARMH T, X5 HE
YRR A G R KA B, R P A LR
T BRI o Z4£1E Shannon #5510 (1R 5.16.
X 296, M 2.88) 5T R EE IR U7 4 AT Y
Shannon-Wiener 8%t (A Z M 3.0 Hm T2
K O ) FAth 25 P AR 2731320, GX R B R HE B2
ERONEE M AR TR, XA RS YA
B FREE R EAR ISR . AR A SRR A R, &
T 3 BRI 2L 2R 0 B35 I B0 L B 9 AR
LR 2 PRI B R T 2R A, X AT R S AR
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Table 6 Antioxidant activity of endophytic fungi fermentation broth from S. stolonifera against DPPH, OH, ABTS free

radicals
FF5 T PR DPPH iR %% OH K ER /% ABTS Vi[5 %/%

payiis 1mgml?tVe 95.79+0.00 95.59+0.00 98.50+0.00
1 Ceriporia sp. HECR8 66.3210.05 52.16 +0.02 0.71£0.07

2 Acrocalymma sp. HECR17 68.9110.01 59.5040.07 73.8410.06

3 Trichoderma sp. HECR38 77.44%0.01 63.06 0.07 62.531+0.02

4 Emmia sp. HECR34 77.58+0.02 57.92+0.07 37.43+0.06

5 Cylindrocladiella sp. HECR12 84.474+0.05 39.8240.03 51.22+0.11

6 Phanerochaete sp. HECR18 69.8810.06 45.60+0.03 52.7440.69

7 Corynespora sp. HECR30 59.10+0.02 59.8240.03 70.3540.04

8 Hypoxylon sp. HECR35 65.28+0.02 55.66+0.08 75.26+0.03

9 Talaromyces sp. HECS10 84.731+0.04 79.62+0.02 75.8940.02
10 Colletotrichum sp. HECS20 58.62+0.01 55.38+0.04 77.59+0.03
11 Acrocalymma sp. HECS11 67.631+0.03 57.78+0.02 78.831+0.04
12 Fusarium sp. HECS27 91.67+0.01 86.57+0.01 48.4740.09
13 Penicillium sp. HECS30 62.51+0.04 65.36+0.02 81.27+0.02
14 Aspergillus sp. HECS31 44.27+0.01 76.68+0.02 88.701+0.10
15 Coniochaeta sp. HECS28 55.9440.02 65.7240.08 65.8410.03
16 Calonectria sp. HECS8 59.8240.03 48.82+0.03 75.36+0.02
17 Phyllosticta sp. HECL35 86.07+0.02 35.714+0.01 48.86+0.04
18 Lasiodiplodia sp. HECL27 76.0940.04 61.431+0.04 75.0740.00
19 Pleurostoma sp. HECL3 68.08+0.03 73.00+0.02 75.15+0.01
20 Pestalotiopsis sp. HECL24 42.43+0.03 76.27+0.02 74.9310.04
21 Hypomontagnella sp. HECL33 57.69+0.02 73.314+0.02 75.314+0.03
22 Colletotrichum sp. HECL23 77.58+0.06 98.9940.00 47.09+0.06
23 Talaromyces sp. HECL20 60.714+0.02 51.384+0.02 70.8740.01
24 Phomopsis sp. HECL4 56.58+0.02 45.88+0.02 61.334+0.05

WA 2 & F B R B AT kB, S G
Ty 308 2 0 AN A% G AT R SR BOR AT LSRG By 4 i
PR - A AR U VR S B AR B, KON R
B2y A O 25 F BRI R BT R SR 385E T
HE %8

T, AN CHAEFEF 2500 T 2N
PRHIR R, BFEHERR . OB . BRI
BIOME A S ARAE . SWERTHRAT TSR VR4 | e,
FREZER, JUT A EY AR N IR TA
B AIE R R G LAB IEN LA AL 1077, (HIX LS R
Gl A 2 LB P bR, Ik, SRR
SEACT LB LA R SR A5 O 42 B i R AN R 24555
AR RN AE . DU BRI R H 5
A R PR ETE, KT REEAER RN

SEACTEVEAR WARTE  ABE TR 24 PRPTH N E R H

REVET BR R BG4 T DPPH. OH Al ABTS H i
BRI IE, 25 R BRI B A A
A A2 FE P s s P, Fod Xt DPPH. OH 1 ABTS
H H 5B A 50% A E PR B R 2 Sl o 20 E )
91.67% . 79.17% A1 83.33% . P&k Fusarium sp.
HECS27 %f DPPH (91.67%) A1 OH [ 13 (86.57%)
A E IS BRI, E & Colletotrichum sp.
HECL23 %} OH H HE: 1GR3 1L F) 98.88%; itk
Penicillium sp. HECS30 (81.27%) A Aspergillus sp.
HECS31 (88.70%) X} ABTS H ¥ EARIFHITE
B, T B A Talaromyces sp. HECS10 % DPPH.
OH HI ABTS 3 F H HEERIE R B =T 75%. LA
FERFRRE RN RFE LS P EE R AU
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