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Comparison of endophytic and soil fungi of Paris polyphylla
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Abstract: [Background] The community composition of endophyes changes with species genotypes,
different parts and growth environmental, while plant-related microorganisms affect plant growth,
metabolism, accumulation and synthesis of chemical components, and the synthesis of active components
of medicinal plants. [Objective] By studying the diversity of Paris polyphylla endophytic and soil fungal
communities in different growth environments, the differential microbes were found from the garden
environment and wild environment, which provided the theoretical basis for the artificial cultivation of
wild medicinal plants. [Methods] Physical and chemical indexes in two soil environments were
determined, and [llumina HiSeq high-throughput sequencing technique was used to determine the genes of
endophytic and soil fungi communities in wild and garden environments. Bioinformatics analysis was
carried out on the composition and the differences of fungal communities in different environments.
[Results] The results of diversity analysis of soil and endophytic fungi showed that the abundance and
diversity of fungi in wild environment were higher than garden environment. Among them, there was
significant difference in the abundance of rhizosphere soil and soil fungal in the garden (£<0.05). The
results of fungal community annotation showed that there were 8 phyla in the two environments, 82 gena
in the wild and 78 gena in the garden. There were 4.04% unique OTU in the wild environment and 4.84%
unique in the garden environment. In addition, through the LEfSe analysis, we found the significant
difference biomarker from garden environment and the wild environment, Ttracladium marohalianum,
Thelephorales, and Thelephoraceae was the biomarker which distinguishes the two environments.
[Conclusion] The wild environment than the garden environment has higher water content, higher mineral
element content, and its fungal community diversity and abundance is more abundant than the soil
conditions of garden environment. The results of this study provide a theoretical basis for the change of
quality and effect after introduction and cultivation of Paris polyphylla.

Keywords: Paris polyphylla, High-throughput sequencing, Endophytic fungi, Rhizosphere, Diversity,
Habitat
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/N¥]; Mobio 38 77 13 DNA $#2BGRFI &, JLms
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Table 1 Information of experimental samples
AR AT A HEARZFR K
Environment Type Sample Name Altitude (m)
525 -4 7S SSSoil 1543
Wild Soil Environmental
soil
HRPR A SRSoil 1543
Rhizosphere
soil
THY) R SRoot 1543
Plant Root
K SRhizome 1 543
Rhizome
- SLeaf 1543
Leaf
el [X. 435 B+ YSSoil 1625
Garden Soil Environmental
soil
PR A YRSoil 1625
Rhizosphere
soil
iEk7] AR YRoot 1625
Plant Root
X YRhizome 1 625
Rhizome
- YLeaf 1625
Leaf

Fl 5 HUBRHE A RIS E1Y, Perkin Elmer (175)
HRAH
1.3 #mAEE

TEEMARKER 10em LIS, HFELIT 5cm
ARG Lo WGBS L e RlE , A IO
B SOARBR -, ARBR L IR Guo 451
PR AR, E RS G AR 148 F (20 min,
120 r/min), FHRPR LU TICR PE &b, HAEH
BT B KIE Ve, SRJG /3 5IRAR . AR ZEA
8T 75% A TPIE e, IR 1.5, 2.0 Fl
1.0 min, P 5% ARRALIE 3 min, /5 HICH K
TR 3 K, AR E AR . ARZE R
BEAS, SRJG IREAL T 30 s, HRBR T REAS B4 T
ﬁ&ﬂ TP AR SE SR B T80 °C HBRIR VK4S
H, £ DNA 125,
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1.4 HIEBUISFRNE A X

TR HNEPL AR A (gem’)=
+ 35 R/ AR

pH {E: W 10 g T30 T 20 mL Z&RK, 7
SMEPERERE S min, F pH HIE, BEASRAR S
FE 3, BCPFAE.

SokdE: REM, BU10g 1, FRESUET,
FrE AN R K

TIEHFOCER - HUBGEG R II R OAR
W
1.5 EF4H DNA AYi2ER

B M AR R HEA R R 0.5 g
FATHEHUDNA. & T8/ DNA #2822, #5iE
BUsk®, HHEREARRAEYIA ZUREANHY DNA 251
TN ZH DNA SRR & g BR A ) B R 21
DNA He B G B, HAD IR ™ i 4% B0 S i il
WA T
1.6 EHFZHRYIZENFN PCR ¥ & 5N+

A SEFEATFIAE DA 2 HUEE R 20 DNA L
F514#) ITS1-1F-F (5'-CTTGGTCATTTAGAGGAAG
TAA-3")F1 ITS1-1F-R (5-GCTGCGTTCTTCATCGA
TGC-3")}z ITS5-1737F (5'-GGAAGTAAAAGTCGT
AACAAGG-3")Hl ITS2-2043R (5-GCTGCGTTCAT
CGATGC-3")%f FLERAZ B IA RNA JEK ITS X174
B4, PCR JWAKZ (20 uL): 5xFastPfu ZZ K 4 uL,
1E RIS 14)(5 pmol/L)4$ 0.8 uL, DNA fiky 10 ng,
2.5 mmol/L dNTPs 2 pL, FastPfu B4 0.4 pL.PCR
FN 45298 °C 1 min; 98 °C 105, 50 °C 30's, 72 °C
30s, 330 MEFF; 72 °C 5 min, PCR § =¥k
17 2% N BERE FRLUK , T ABER 42 38 7747 5
SRIG H Axyprep DNA Bt #e B Gtk 1 ratifth, H
QuantiFluor™-St JF175E & .

HR4E Tllumina ZENZH DNA SCEERHI45 1R,
FIFHZE4 DNA F=HFg7 Mlumina X355 307, ARJA
HAEAREDMYAE Tllumina HiSeq F- & XTI F ¥ 1 3C
PEVEA TR o ARAESRAE , RGO A 7E NCBI
H1(SRA: PRINA634059).

1.7 BEEAIBS%i 9

FIF Fast QC BARF I P 235 o i I A B 64 7
Fifs, EERMCFEFS; FIH USEARCH(VID)
(http://www.driveS.com/usearch/) it FE 1T fG E2 4= W)
5T A USEARCH i F2#¥) Fastq Mergepairs
Ik TR E 95 R Cutadaptl.18 YIRS |
¥1; it USEARCH fastq filter X551 #4754
Fastx Uniques /%17 £ 043 2% Singleton ¥
Y (/NSECk 8); Tt Unoise3 ByEE T OTU G
282, H Otutab A OTU Fb . BIEJFHITSI
FI Unite Bl R4 TR, Sintax J7 i85 UI{EA
0.8; FIHSrH h /DA T, eS8 3
OTU #£A% .

iz [ R3.5.1 SHFTAS e e T ge et
JFFIH USEARCH HE1T o ZHEMERT B 2RI S 5L
ittt 18 a ZFEE M, FIA] Anova WL T
HARZE S R ¢ K3y R A T 2R ) 22 5 oA
XPAEPIAR | AR ZEFNI S5 [ AR S AL R A4
Bz AR 22 A TE9E s 18 B ZREMERTSED,
Binary Jaccard & ¥E 47T 3 A #5 43 HT (principal
coordinate analysis, PCoA), X AS[RIA: 2547 2 (6] AR
BT I EREEE Release 6.0 XJTRAFHE
VEAFIH T KB AE ACE /3SR e a0,
F4h, HTF Binary Jaccard B LT UPGMA JZIK
RAHr; FIRHYER (Venn) E JE /R A A A K IR ]
AT | FEA IR OTU $H, ELHRILHAE
] OTU AYF-A %M ; JH LEfSe [Line Discriminant
Analysis (LDA) Effect Size]s#r 348 A6 A4 K FR5E
HH Y 22 S LA

2 GRESW
2.1 INETIRBIALIERA

TR H I E AR R (R 2), BRI i+
S FAE AR T Pel DXCERIE, 10 BHHEF A R AR v Y -
NEAR . AHUSE AR AN Y SO ) A
HHRIZERT, BIAl AN 2Ky, il 8K
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F2 HAXEM S HIEEUER
Table 2 Physical and chemical indexes of soil in sample
collection sites

Tohr [N R X PR3
Index Wild Garden
RE 1.25+0.08 1.47+0.07
Bulk density (g/cm’)
FKE 39.20+2.01 27.21£1.92
Moisture content (%)
pH {H 6.11£0.10 6.57+0.29
pH value
A B 94.08+5.10 68.40+7.25
Organic matter (g/kg)
HERLA, 538.25+45.4 396.58+80.3
Available N (mg/kg)
TR 3.56+0.90 50.28+8.22
Available P (mg/kg)
AL 269.33+11.33  540.05+50.43
Available K (mg/kg)
2R 4.83+0.21 3.3240.65
Total N (g/kg)
T 0.64+0.09 0.61+0.06
Total P (g/kg)
12.98+1.11 11.17+1.37
Total K (g/kg)
A *
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so0 ™ ]I
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< L
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200} ﬁ?i¢—g

= e— ]
SSoil RSoil Root Rhizome Leaf

o

@]
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SR o)
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1 TRIXFZEERFEN o ZHEDT

MR 48 pH EAYNE & B, BPA A5 IR
pH {E¥MEFREIX 5T, Xl REEH TR SRS
exa s E Ay VN E LNk i G VN SN &
RN BT ERA . B, BRI, AR
AR ek, SRR TR X, (H#
A . S A T R XA, ORI SRR
PG = AT RS FH T T 1A 45
22 o ZHEMESHT

FH USEARCH ##47 a ZHEPESMT, 753 1 Pifd
HEE) ACE #8%% . Chaol #8%%. Shannon $5%(1) &
Simpson ZHEMEFEEL, I R (& 1), 7
Sb, MRFASEHEET K, *FoR 0.05>P>0.01.
H1 ACE #8%8 5 Chaol #5443 BB AL 45 55 fel X 34
B E R REE R 2 514, Shannon 847 Simpson
TREBEGOR R 2N 2250 4550 1 s,
e, A IREE TR A B AR B - R LR
5 FRE M 2R TR XA, H, BPA IR

B * B3 B Wild
600 | '_| .
= lfl £ B X Garden
500 | :
*
g 400}
<=
© 300}
200 | ﬁ? ¢—
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Figure 1 Alpha diversity of the fungal communities in different samples

¥: A: ACE #8%(; B: Chaol #5%4;
(25%) . 3/4 DiBr(75%) . HE DL K d R A d /N A
0.05>P>0.01. JFHRBIAIX 43 AFIX &,

C: Shannon #§%{; D: Simpson f8%L. FiZkE P AR5 2
SCFE AR IR BT AE R AC,

ANREHEARE T 14 fi%K
25 DA SR B IR REAS 5 *3R0R

Note: A: ACE index; B: Chaol index; C: Shannon index; D: Simpson index. The box diagram shows the first (25%) and third (75%)
quartiles, median values and maximum and minimum observational values in each data set; the solid box represents the wild environment
sample, the hollow box represents the graden environment sample; * represents 0.05>P>0.01. Distinguish different floras by box diagram color.
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HAR B 398 5 el XA o = 8 B ) BE A
25 (P<0.05); TEAEYI, B IXIREEh RN H
PR N R AR B 5 T B A R
23 B EHMESHR

£ OTU ACEIFAS RIS IR RETE 11 B 24T
PE, HACAR TR IR A X R L R IR 45t A4l
fi{. i#id Binary Jaccard FHSARRERES:, U T4k
BT (PCoAY M. & 2A SWoR T REA FR IR B
SRR R, o, BRARRRARRE T X RIEM
38.66%, YPNAARFERE T OCRIEM 12.37%, SRR
M 51.03%, PCoA /s RiE/n, HIEFEARSHY
FEAE BB A X, 1R 3 i BB R S TR
BRI A R 255, (HARBR + S ¥R5E + Hh i L
ZREPEFETCRR I ok, B 2A H R E X R
5 5B IR AR T B 2T B X )
UPGMA JZIR R4S A 2B iR, Yk
A5 AR B RIS, AR A A5 (R] A ]

X R RET, UPGMA ZIR RIS [R B
EMIE T Binary Jaccard A5 A FEELIE HH Y PCoA 23 H
5. 75, N UPGMA JZIR R EK R LA
[ —ZBREACHY 3 A Wy A BRI A A A —
MIRAEASL, HREREAR A M SR AE —fe, X [FIFEE
B T 3% 03 Bk R i) R 5 e R T
24 AREKIMEERFESHEERSN
3T IR FE K ESeit 1A A A 3
B E AR A . E 3A R, T KOE 3
HERED 8 AT, 2RI TR 1(dscomycota) . H
FHH | 1(Basidiomycota) . BREEW | 1(Glomeromycota)
W i & '] (Mortierellomycota) . %' %% Il
(Rozellomycota) . Olpidiomycota. Zoopagomycota Fl
Mucoromycota, I REEE AR A= P58 K bel X BR45E
TS A B 75.22% 5 77.10%, BEFPIR
5N RGN RIS F R 22 e, ZREEIF
TR K ZE S5+

A \ PCoA-PC1 vs PC2 B
° Of e sYLeaf  =SLeaf 2
o o +YRSo0il  =SRSoil S
o [ ] *YRhizomc= SRhizome
= 201 *YRoot  =SRoot L
E *YSSoil  =SSSoil
<
= o e
L n
g o0 3
B e®
= L u
> n
3-20f =
£ CECELELELELERL EFELEFELET
I SA2EES KEREERREIE
S - B B B o et el el alal b et -F-R-R=N=
40t : ‘ ' S
=20 0 20 40 < . R
m HFAEwWild M [l [X.Garden

PC1-Percent variation explained 38.66%

B2 7£ OTU K FEHEEELHMK PCoA EFN UPGMA BRBE S HTE

Figure 2 PCoA map and UPGMA hierarchical cluster analysis of fungal community composition at OTU level

TE: PCoA 4315 UPGMA EIRE I T Binary Jaccard 530 A: PCoA 43#7HY, £ . YRR AR Gl 1 25 S R 2 ML,
VUH MBI R B E IR, PCoA W RHEA i ELT A 4 i M (R AR I, ARBR 13 S MR AR S TR I R 5y, 7
TEACT R A, BIBACIERAE R XA, ARIBEANREZAEFARIXR; B: UPGMA JZUCRISMTH, FE ST,

ST, B P i 0 ) o L RGBT,

Note: Based on the PCoA analysis and Unweighted Pair Group Method with Arithmetic mean (UPGMA) of the binary Jaccard algorithm. A:
PCoA analysis, the horizontal and vertical coordinates are the two eigenvalues that lead to the greatest difference between samples, and the
main influence degree is reflected as a percentage. PCoA show the similarity of species composition between samples, rhizosphere soil
samples were well separated from the plant comparts samples. The square represents the wild environment, the circle represents the garden
environment, and the different colors represent the different flora of fungi. B: UPGMA hierarchical cluster analysis, the closer the sample is,
the shorter the branch length is, indicating that the species composition of the two samples is more similar.
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AAXT=EEERT 10 ()& 505 0 WUAHL & (Tetracladium) |
B N Bk % % J& (Rhizophagus) . % W % &
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B3 ARERKMETKFA)RBEKEB)IFHENER

Relative abundance (%)
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(Ceratobasidium). & 3B H 1] & H £ IX R EEHE
() ZE B S AR 2 A il 26 5, = B de e A PO A A
J& , R X R AR PR R 37.11%; HUOR
MRNERERG R, 28 b DX Y 5 B LB AR PRI e
89.97%; T 0 A B Ja TE P A= A v (A AR X = B 2 el
XIREERY 3 5. IR &, BHAERSE HA &R
Vs, Tl DR R A — o B, B
Sy AR I S i A A3
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Figure 3 Distribution of OTUs at the phylum (A) and genus (B) levels at different habitat

2.5 AEREAKIFEE OTU B Venn 5347

SRR AE K EREER) OTU % H #EF 748 B (Venn)
I3ArT, Venn 23 Hr 4R ANG 4 FiR, &Y M3
A OTU ¥ H , BFAEMSPREA R OTU $0H S 1k
h 4.04% , [El X FREEREA 1 OTU 2 H 4 el 4.84%,
Wil 3R IAT /) OTU S H A e 91.12%. M
ANFAER AT T8 R E , BRI A 8 S
X 4 R 2 AT OTU, (R A4 BR55 5 X 3R
B EAT & AR OTU, XELEEAHY OTU &7
XA FAE P ) AR A S 77— 2P 5T
26 ARIEKNEEZEFZEZMHSN

i3 LEfSe!"™ Ve w4 i) Sk HA St 22
S H9 A rbRic Y (biomarker), & B[R] A4 FR 35
HAZRNADbRCY), G580 S s, B S &8

Yt
Wild

X
Garden

4 FEMESEXIMEEE OTU #H Venn
Figure 4 OTU Venn analysis of fungi at wild and garden
habitat
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s_iTetracliadium_inarohcilianum

i i i i i i i i
4 3 2 -1 0 1 23
LDA SCORE(log 10)

B S5 B4IfES5EXIMEIRE LEfSe £ R
Figure 5 Results of LEfSe analysis for wild and garden
habitat

TE: HRRPE R B 22 SRR 20 /N ER S LDA BIfH),
ARBEFRRA R E KRR R, ORI A,
AR X PR

Note: Histogram length represents the effect level of different
species (LDA threshold), different colors represent species in
different growing environment, blue represents wild environment,
orange represents park environment.

N TR R A g2 R 0 A bR . B
B IRIE Y Ttracladium marohalianum & B8
V2 R EYIRICY), B X EREE AT X S
v b 8 BR800 A W AR g W o i O B H
(Thelephorales) F1 B L (Thelephoraceae) . .7 5+
Al e R X RS N T E A G
3 WikE%R
3.1 AEHH HIEE LR E YR

bl X PRdErh, ACH B R T 3 H Ak v
J57, bel XA rh 2 E A o B A SR ek
5, R R RN A2 B —E R, 5 IR
IS K2 TR, S KR E 25 R B T iX—
o B AR RET HE Bl X PR A 3 A B K R
44%, T KGR AE I A AR K R B I
WNERZ—. 55, W pH (ENESR AL,
X HERREE pH (H% M THAE ML, XM fba®
HERR AL, MRS G rh MRS T A
IR ECR Sz BT, WA SR E
XS AR bR AR AR I A AR 2T B
W AT 7 K S, XA et b X S 5 Bk
I 1 S R 2 — 2

PN TFBAER, bl X RS Ooa 2 an
B . SRRCE S L T BRI, Xt
Nt F 8T TG A A DL CHL S FA7E T 3%
W, AT TEI N, 3B T A A RS BIAR A A
W T, SR o i R R i T )
FEALAR, MR R e i, A B it
FAENEXT HIEEE R S R E R IR &
HA RAFRIRATER, (B R8T 3 A TEAS
RS, 552 3K AT SR AR W1 B R R ) T
AR TR IR B 2 (R bR A A Y
BIRUR, MR, BAERE P25 26,
SRR T XAEE, UARH BT AR IRER I LA SR
JLR S RITRE TR X EFREE, Wi ot s IS
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