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Abstract; Kadsura coccinea is a perennial vine medicinal plant, and its growth, development, and authentic medicinal
qualities are affected by growing habitat, rhizosphere soil, and endophytic fungi. In order to explore the composition and
diversity of fungal community in K. coccinea under different habitats, as well as their correlations with soil environmental
factors, the rhizosphere and root endophytic fungi of K. coccinea from three different habitats in Guizhou were studied
based on Hlumina high-throughput sequencing method. The results were as follows: (1) Under three habitats, the
number of OTU detected in rhizosphere soil (3 867) was much more than that in root endophyte (801). The common
OTU of rhizosphere soil was 72, which were annotated to 5 phyla and 49 genera, most of which were ascomycetes. At the
genus level, the proportions of Mortierella, Exophiala, and Cylindrocarpon were relatively high. The common OTU of
root endophytic fungi was 14, which were annotated to 2 phylums and 11 genera. Ascomycetes (13, accounting for
92.9%) were overwhelmingly dominant. At the genus level, Mortierella, Exophiala, Cylindrocarpon and Nectria were
dominant genra. There were only 6 OTU in total, annotated to 2 phylums and 5 genera, and the ascomycetes phylum (5,
accounting for 83.3% ) were the dominant phylum. At the genus level, Exophiala (2, 33.3%) accounted for the highest
proportion and the rest were Mortierella, Cylindrocarpon and Nectria, respectively. Alpha diversity analysis showed that
the diversity and richness of fungal communities in rhizosphere soil were significantly higher than those in root endophytic
fungi, while the diversity of fungi under wild habits was higher than that under cultivated habits. (2) At the phylum
level, the main endophytic fungal groups under three habitats were Ascomycota and Basidiomycota, accounting for
88.28% of the total flora. At the genus level, the community structures of endophytic fungi in rhizosphere and root were
significantly different under different habitats. The endophytic fungi flora in the root had a certain preference under the
cultivation habitat, while the evenness under the wild habitat was higher than that under cultivation habitat. The
prediction functions of fungal community based on FUNGuild showed that pathotroph-saprotroph type in the root
endophytic fungi was relatively high under the cultural habit, while the proportion of saprophytic type and symbiotroph
type was relatively high under the wild habit. (3) Soil environmental factors had different effects on root endophytic fungi
and rhizosphere fungi in K. coccinea. Total potassium (TK) and total phosphorus (TP) in soil were positively correlated
with Shannon index and Simpson index of endophytic fungi in K. coccinea root; whereas, soil organic matter (SOM)
total nitrogen (TN) and available nitrogen ( AN) were positively correlated with Ace index and Chaol index of
rhizosphere soil fungi. In conclusion, SOM, TN and AN are the main soil environmental factors affecting the rhizosphere
soil fungal community of the K. coccinea.

Key words; Kadsura coccinea, ITS, Illumina high-throughput sequencing, fungal community, soil environmental
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% 18 ( Kadsura coccinea) 3 J& 1Bk T B} S (Jia et al., 2016;Lu et al., 2021) , HEHIN

(Schisandraceae ) g 1.0k ¥ J& ( Kadsura ) , Ho AR 506
T EREIEIR MR C M B AT e SR
13 % i & I /NS N LT 2T 7/ B e ©
K, B8 PR IR 3 5 118 8 SR FUAURE () KUK T R 32 1 3%
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A 5 L DX AR S — o B KR O A B
PR R 7=l (X345, 20095 R i €5, 2022) , A%
JEAEBE 2 PR AR i M 1 b el e 2 ) I 7 1
Hii 5% ( Sritalahareuthai et al., 2020; FUi 455 ,2021) .,

HYE 5 WA 1 R PR WA BAR
FH B S e 0 98 455 W 2% S [l 4 F7 2R 28 R Ge Y 3l

A B AR TS BN, RS R A W R E
515 E bR B4, R R AE 8 SR [ B 5 A
TEREYE K K E B R BRI RE 1 AR W) &R 42
A SE T T K ¥ H ZE/E F (Huang et al., 2019)
AN, A B TE S 18 R K AR B A b i i
S RN 9 5 32 UCAE AR 005 i b 3R A
i R SR A A A BT LU AR S e
TV UCE AR Y, iz W TR s (R
Tk A A= W AR A5 4038 ( Tiwari & Bae, 2022) , R
PR LB — 5 TR AR v ok Ak & B AT AR K
RH AL AL 5% - 008 26 A2 E L S R 45
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fdt B 55 D TG 4% E EEAE D, 55— O T B B BT R
AT 7 25 1 7= ) S5 ok ok T LA i sl 30 o i 1
K (Bonfante & Anca, 2009; Fierer, 2017) . T
[F] SR A 22 BB TR 1 N AR R BF SR A — SE il
TR TR AR Y A A B RN AR FUIE A [ ok
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Vi R T AF ) BE (K 4 e 4F, 2007 ;5 Gao et al.,
2020; 5K EFFAE,2021) o AL, I TR 7 v il 22
B — SN A LR BE S AR S e B YR BIR R
BR M =2, mUH A A 18 3 A A 19 2
fit( Wang et al., 2017;Qin et al., 2019;Qin et al.,
2020) o X 4E (2023 ) F i 3 e I R xR
ZIRAEH LN B AT 7500, B 7 AR
HAN A LR RE I I S5 M FI DI RE AR AE . AN 2R
LA FIAR B L R T i 2H R 235 40 32 ) | 1 B ER
B SR A SRR S 2 R [H K B2 I (Patten &
Glick ,2002; Chaparro et al., 2013; FHi%5, 2019)
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TR, 730 3 D REH B A K %
GO 7= NDIR AR iR S ER R e e
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(Berhongaray et al., 2013) 3HEME A IR
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(Edwards et al., 2015) | $R R FE SR 2 0 50
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BRI E 3 W TP BIE . 1 AU (total
nitrogen, TN) 2R F 2 3o & B FG 2 07, BB (total
phosphorus, TP) & NaOH )% — 50 86 b1 43 6 6 B
5, 3 B (total potassium, TK) Il %€ R F NaOH
YR AR (avaliable nitrogen, AN) A %
KT o, + 183 A% (available phosphorus,
AP) FYIIRE R o0 et BE ik, - HEH A (available
potassium, AK) B 22 >R FH O TR i 427, H3EH
HLIT ( soil organic matter, SOM ) B % >R FH 5 4% iR
RS, BAFEMER 3K,
1.3 DNA EBE SEENFF

HRAFE AR DNA R ICR H A 58 [ 41 DNA 42
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BB F & (175 . DP336, RAR AL BH 5 47 IR A
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mlL b)) o ITS 514 . ITST(5'-GTGARTCATCGAA
TCTTTG-3") Fl ITS4(5'-TCCTCCGCTTATTGATATG
C-3"), MWK ZR (25 pL) :2xPhanta Max master
mix 12.5 pL,1E 514 (1 pmol « L) £ 2.5
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ff:94 °C/1 min—(94 °C/10 s-50 °C/30 s—72 °C/
45 s) x32 M -72 C/10 min, PCR Y24 2%
B lE A BE e B UK B8R UE, FH AMPure XT beads
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4000, USA) . 7 J5t b # 4 8 $2 22 22 NCBI 24l
JE (T H % & PRINA855296, Ff i 4 5 K
SAMN29487930-SAMN29487947) .,
1.4 HIFELER ST
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G, 22 Bk Barcode M3k 7 41, IF 47 i 45 L i
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reads $EATHHES IFHRAR LR Tags, HH Fqtrim §iiik
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RAG T A B Tk — 2500 . BEAHY o
Z FE M $5 20K I mothur (http : //www. mothur. org/
wiki/ Schloss_SOP# Alpha_ diversity ) X 44315, i
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uparse/ ) XA SCEE 7 5 7E 97 % B AR UL T i A7
OTU ( Operational Taxonomic Units) & 28, % H
Qiime 2 # 17 OTU ¥ 33 B 43 H , AR5 dh OTU
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index) #EAT . FIFH FUNGuild /4 %] B3 547 2 B
P 7347 (Nguyen et al., 2016) . >R JH SPSS 26 X}
PR A AT 0 M 22 R A

2 R E M

2.1 30t EZERR T IEEA SRS

1 ATHL 3 DARFAERT, BEERPR L
B AR A E R AR LR
FEodEbRE TR A, 3 M, SRR A

F1 INHEMEZERERTEEASS
Table 1

soil of Kadsura coccinea in three sample plots

Physical and chemical indices of rhizosphere

AL TR -

. . i H AT gice ]
'Ph}fswal and chemical Gy RJ FQ
indices
TR I B 4.66+0.06b  4.63+0.06b  7.22+0.04a
pH
BA 1.82+0.02¢  3.44%0.06a  2.48+0.02b
TN (g - kg")

B 0.23+£0.02¢  0.54+0.02b  1.52+0.03a

TP (g - kg")

pet: 13.49£0.08¢ 17.15+0.19b 21.62+1.36a
TK (g - kg™)

& 181.46+3.44¢ 340.65+8.26a 245.88+4.96b
AN (mg - kg")

AL 123.97+5.21¢ 154.05+5.66b 408.67+10.94a
AK(mg - kg")

A 1.42+£0.08¢c  8.02+0.11b  66.2+0.34a

AP (mg - kg™)

FALET 32.83+0.49¢ 68.85+1.06a 41.68+0.99b

SOM (g - kg'l)

T AE/NG FREFRRTE P<0.05 KFE LFAEEEER,
Note ; Different lowercase letters indicate significant differences ( P<

0.05).

Bi(GY,pH = 4.66) A5 VLB 4 4 5§ (RJ, pH =
4.63) TR PR - N TR PE (pH<6.5) , fE S% B A4
A BE TR AR BR 13 pH 2o PE(FQ,pH=7.22) , &
FRMTHER LRI A KL, 3 pH &
YR AR R AWM 2R, LIEE & P,
HWAMK & &£, R MRFR R TN AN F1
SOM & 7€ 3 AN M 5 ; FQ MR B -3 1% TP |
TK AP & H7E 3 DAL i ; GY AR IG AT T AR
Br+3% TN TP \TK AN AK AP &% SOM & &
FRTEAAR (R M FQ) , BFA A BT FAY -1
BRITRMA NS &5 FREAR, JFEAES
RO RV, TR R AT R Sk R AR AR B 5 %
MR Z B, AL & o 0w HE K
R, BB, T RE R ICE ARSI K,
TN T A 48 3 s v e P IR 22 ) T B o
A AL > B A 377 7 — o B2 B By Ml 4, T3
HAY NP K 85I Bl FR K i R B
22 BEEZERRTEEFRRDBNEERTNF

X Mumina (55 18 &0 P 2088 P4 T XM PR | i
s AR g T R AR g, SR
B ZFED) 1 463 619 4, ¥t 5 A R reads K
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76 878 ~84 980 XI, N b F- 1 Ky 81 312 X
reads , 4 RCHRAE 93.59% ~ 98.70% 2 ], Q20 4= #RAE
99% L) F, 18 EESHAY OTU i B i 2 e i % H
BTN ks 1O 28, JF 5o AR I Y B 55 R S A
99.95% LA b (1 1) , 2 B0 B8 408 12 BE 4 4 TH b S
I P i ) JEC TR B A 2L L, T P SO BT 45 T 4
RIS A ITS P ZER | T LA T I 240 M R 72
PL=97% W AL M 5 2515 5] 4 328 4~ OTU, 3
A AR s 48 T R RIAR 38 P A L 0 AR T )
OTU % 3 867 4~H1 801 4, Hirp AR P £ 3 v 4% 3tb
X OTU %t A 2 2] /DK K 5 RI_Rh (1 358 4~) >
FQ_Rh(1 090 1) > GY_Rh(994 1) , 24 1 OTU
H 724, FAHW OTU i RH] 5 T, AR5
HFRERETT(50 4, 5 b 68.4%) 5 LiERF] 49 4
J& , R BA AR5 2K T8 (7 4,9.7%) WAl
HIE(61,8.3%), SMHWEE | HA)E AR
JEFERERE R R 3 A, &bt 4.2% , WRERNA
HE P, 45 H X OTU 3 £ 21 DR FQ _R
(330)> GY_R(243)>RJ_R(153) , A1 OTU K
144>, 14 A OTU SRR 2 AT, T 9
P 13405 1 92.9% IR 11 A&, i ek
EHCA NIRRT R (3 1,21.4%) , LA TR N 1
AL 7.1%, HRPR 3N B E A
A1 OTU AU 6 A HEREE] 2 AT, T4
105 A, Ak 83.3% B2 5 A8, 5 Hodwe i i
NAMREEE (2 15,33.3%) , KR 5 g 5 e |
AR IR (K 2) o Bl 2 852 B 3 Nk
RSP, B OTU Bt 25 M AR PR+ 3> AR 1Y, FQ
PR OTU ZReMERSR . A1 OTU b, #l4
B SMRARER | HEAE AR 8 L
23 EEZERRIEEFNRBNEERSHME
Alpha ZHEVES TR, 3 FAEE T, AR BR 18
F) LD R VR 22 R I R o B Y I 3 T AR e A=
BLIR, 3 A AR PR 4 HE B b, R R
( Shannon index ) F1% & £k 48 %X ( Simpson index ) J&
B 25 RJ_Rh ' Chaol $850HI Ace 1550255
F GY_Rh Al FQ_Rh, 3 AEHbARER P A= BB
FQ_R FHAEH B 2% T GY_R Al RI_R,GY_R ¢
WRHRIEE W EM T RI_R M FQ_R, 1M RJ_R Y
Chaol 8501 Ace F55 B F ML F FQ_R, 5 GY_R
TWEER(F2), XU T 3 N ESARPR -1
FLE SRR 0 B 25 5% RI_R AR PR
PRV B v T LA W i, 3 N FE AR 3 P A EC R

., FQ_R W E TR FFIE 2 PR PE 355 T HoA W 4
GY_R %45 A 35 %) B0 TR U0 34 B Wb 250K T WA~ B 2R
A (RI_R MTFQ_R) .,

i J6 A R B 4B 4 (unweighted _ unifrac _
distance_matrix ) 58X 3 AN FREHUER 5 3E 4T T AR bR
30T (PCoA) 4387, 25 3 7R, EAa bR 1 R A bR 2
Iy T 25.25% M1 13.76% Y ZREE , &3t B
T 39.01% M ZHEE 3 ARG T BAR AR N AR BTN
FEIERE T = 5 =2 M, MR PR 4 358 B B V% R
EFHE— HULR, BoR 3 AR A PR+
EEC TR T O AR T AR P A I A VR O A AR
(K 3), 25 FRW], B2 AR N AR B 32 b Bk
MR /N, B R0 R R RS . AN,
PCoA Z5 AT LIE Al — KRN 3 N EYESR
PIREAR 4 R AE — R, Ud B AR BIF 5% T R FH B R AR
CINC-Re i /TRl E A =
24 EZERBRTIEMIRBANEETHAB LGN

3AMERE R IE 18 AN A K PR AR PR £ AARAE
SRR B TR 12 AT KK GY (10 )
RJ(9 ) FIFQ(9 4~) ,3 MFEMIA 22 A K, 3 M
Moo RS, ELA LB BN TR ]
( Ascomycota) Fl4H F- 1 ] ( Basidiomycota ) , H: H7,
THER T o7 tede i, N HL Y 48.02% ~ 88.38%,
FEAR HE A B (GY_R) AR I (Y1) i He & ik
88.38% , M 7E A& 35 A4 55 B AR PR 13 (GY_Rh) H
A % (48.02%) ., GY_Rh Ml FQ _Rh ', 7 7E
26.17%F1 13.68% AT 2L (E 4. A) .

TEJE K b, e B3 509 A8, 3 A s
BRI BB B AR RI(375) > FQ(299) >GY
(274) o 3BT, 3@ /Y 25 0 F = B A7 AE
2R AR A BRI AER (GY_R) T, 4b
HFE R ( Exophiala,77.81% ) i 3A i, HoAl )& 5t
PIARH 4% ,2 DB AEABET  RICR W00 308 B
A Cladophialophora ( 21. 68%) . ¥ % &
( Cephalotheca, 19. 46% ) 1 Flagelloscypha ( 19.
32%) ,FQ_R AW #E M2 H H KK E
(19.7%) AMHE R (15.20% ) FERPE B 1T A 432
J& ( Glomeromycota_unclassified, 12.12%) , 3 I~
Hu A AR PR 3 LA, 9 55 8 ( Mortierella) 7 LY
B, /N 8.57% (GY_Rh) 21.43% (RJ_Rh) Fll
13.53% (FQ_Rh) , Ik, GY_Rh ;3 B8 4 fF
P W W JE ( Plectosphaerella, 4. 34%) Fl 7b il B
J&(4.15%) , RI_Rh 4 #0884 37 A 75 7% &
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( Neonectria ,7.15% ) , Y3 " 4 % 18 BE b 6 28 8

J&(5.97% ) A H#1)&E ( Cylindrocarpon ,4.31%) (

2 0 4:B) . GEHEIR REEBE T AR N R S R
S FUAT — s MRV, 34 B ELAT (b 1 2

e 600 202 NN £ R i A
5 oy LIAIAT = B Top20 FY I 7 141 7% ,3 4~
ﬁ ‘%ﬁ@ﬁ AEBETT R R P A R RAR B TR A VR A AR AE
g ] CRLARLRWY | 365, SRR R L SURRE R R O — %, 5
ﬁ i - PCoA REEIZER 3, KU B ZFERF - EAEH
E 00 REVE 4510 32 A2 BE 52 /) | R FRAR TR N A2 LA
= R LA — S RO R S (1 5)
25 EZERBRIEEARRTANEERHEZY
L . . . . e T

MO FIT FUNGuild 568 B - S
WA BLA AT DD RE TN, 45 R WOR B 7 AN E R
| E2EiRE+ ERS HKATE 3 A5 AR B S FAR A4 2 o A A
HAEBEBR OTU BEH & g, e B A R BRI AR R SR AL A 2 Y
Fig. 1 Fungal OTU rarefaction curves of rhizosphere FEABERE, 3 AL AR PR - ERE A T 8 A -

soil (Rh) and root (R) of Kadsura coccinea
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Fig. 2 Venn diagram of fungal OTU detected in Kadsura coccinea under different habitats
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FeA 5 A (E 6:A)

3AERETT 6 AREAR TR 61 A I
BE(guild) , A ) A= 25 L7 BEAE 3 2R 85 T AR bR
BB A AL, GY _R BV P Sl o D -

LA P AR R - R SO A S R R, T R
R PR E A E S AL L L FQ_R H sh ¥k
Ji - BB A A - R S A 7 R AR AR TR AR
R (B 6:B)
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Fig. 3 PCoA analysis of fungal community in rhizosphere

soil and root in Kadsura coccinea under different habitats

RGE L BRAL PR 1 5 AR B R 7 A 1Y
A 38 3 TCAY 53T (redundancy analysis, RDA)
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Table 2 Diversity index analysis of rhizosphere soil and root endophytic fungal communities in Kadsura coccinea

FE il TR FE AR5 Chaol 8% Ace 8%k R
Sample Shannon index Simpson index Chaol index Ace index Coverage (%)
TEIH_AR 3.41+0.67¢ 0.77+0.09¢ 141.84+44.90cd 142.67+44.36cd 99.99
GY_R
FH_MR PRt 7.07+0.14a 0.98+0.00a 673.66+23.66b 676.62+23.35b 99.96
GY_Rh
WEIT_AR 3.63+0.26¢ 0.87+0.01b 89.03+18.11d 89.50+18.20d 99.99
RJ_R
WL _MR PR+ 7.20+0.31a 0.97+0.02a 844.96+14.85a 845.83+14.02a 99.99
RJ_Rh
R AR 4.65+1.10b 0.91+0.06ab 178.68+35.93¢ 178.95+36.04¢ 99.99
FQ_R
iR _ARBR 7.12+0.15a 0.98+0.00a 672.87+48.24h 674.22+48.09b 99.98
FQ_Rh

IE: AR/NG TR B2 5 (P<0.05),

Note ; Different lowercases indicate significant differences ( P<0.05).
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Fig. 4 Distribution of OTU in Kadsura coccinea under different habitats
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Fig. 5 Heat map of the relative abundance of fungal community in rhizosphere

soil and root in Kadsura coccinea under different habitats
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Fig. 6 FUNGuild analysis of rhizosphere soils and root endophytic fungi in Kadsura coccinea
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Fig. 7 Pearson correlation analysis of environmental factors with endophytic fungi (A)

and soil rhizosphere fungal (B) community diversity indices of Kadsura coccinea
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