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Abstract; To investigate the community diversity of endophytic fungi in three citral chemotype tree species in the
Camphora, and to explore the diversity and structural differences of endophytic fungi in different tree species with the
same chemotype and various tissue parts, this study analyzed 36 samples by high throughput sequencing method, a total
of 2 207 878 sequences were obtained. The results were as follows: (1) The endophytic fungal communities of different
tree species with the citral chemotype in the Camphora exhibited significant differences in species composition, and the
endophytic fungal species composition showed organ preference and diversity in roots, stems, and leaves. (2) The
ranking of the Chao and Ace indices was consistent, both showing Camphora officinarum (QCA) > C. bodinieri (QBO)
> C. parthenoxylon (QPO) , indicating that C. officinarum had the highest species richness of endophytic fungi, with 690
OTUs, while C. parthenoxylon had the lowest species richness, with 414 OTUs. In contrast, the Shannon diversity index
showed the order QPO > QBO > QCA, and the Simpson diversity index exhibited the opposite trend. Thus, it could be
concluded that the endophytic fungal community diversity of C. officinarum was the lowest. (3) Principal coordinate
analysis( PCoA ) based on Bray-Curtis distances revealed that the sample points of C. bodinieri and C. parthenoxylon were
closely clustered, indicating a high similarity in their endophytic fungal community structures. In comparison, the sample
points of these two species were relatively dispersed from those of C. officinarum, suggesting a lower similarity in
endophytic fungal community structure between them and C. officinarum. (4) The three citral chemotype tree species of
the Camphora all exhibited similar community structures of endophytic fungi in leaves and stems, but showed significant
differences in the fungal communities between roots and leaves. The results indicate that the combined influence of host
tree species and tissue heterogeneity shapes the endophytic fungal community, laying a foundation for exploring potential
functional endophytic fungi in citral chemotype tree species of the Camphora and provide insights into the co-evolutionary
relationship between endophytic fungal communities and host tree species and chemotypes.

Key words: high-throughput sequencing, species diversity,

chemotype of host species, endophytic fungi,

community composition
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TR A3 A el BRLEL 5 R il 2 A0 B i ) o3k
ARV Ak 2= YRR A BT 5 R AR MR 2SR S W
2= 5 AR 4 ol 22 Rl Ak 2 AU i i 78| A e R
FIAT G I TR 45 (B K A, 2022) , WP A6 I — b 75
i 2 RS A A TR T[] e S A A 1 P R 2R Ak
¥ (Ling et al., 2022) , 21 & 1) —Fpfb2p 80 2
AHAEAE R A MR E RS 22 5 5 5 o),
P VA e =2 I ~ Wl O S A I
( Thielmann & Muranyi, 2019 ; [/ & # 45 ,2020) .

WA FL# ( endophytic fungi) & 48 78 HA4E 3 52
[ — 28 B AT B B 2B 1 T fi R A 4 4% il 4 2 B 4
Ji MR Bt ELAS 5 A B o o i R ) LA, H 1
) 388 2o A S0 1 P ) g TR BT R A L A A
K F (Gakuubi et al., 2021), B2 KW b A
)20 TAEY) A& A B, AP B T O3 A ke
TEXTPRAE Wy M 26 T S (SBIDTAE ,2018) . R AEY)

WA FLR R IR 450 SO 518 30 R 2 5 F A
C %, (0 H Fr 3 2R T ARAAE Y 19 A [7] A% Fif
(Sun et al., 2012;Li et al., 2016; £k R4 2018)
JAH R B A AS [7] 225 ( Elmagzob et al., 2019) (A
[A] i X ( Fang et al., 2019; 4718 %5, 2019; J& i€
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PRI AN [7] 21 250 Fp 36 1 40 T ) 2 A A S0 1Y) 22 S
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RS A GURR A A A M B G 5 A o T A
R PR A DI B AT HE B Y B RS (B

AW AR 3 oy A T TR A Foft DAY A DR
PRI SERS G R el B e R, R G A
A EC VR I AL R RS R 22 5 AR
TFLAR I, (1) AR FR]fhsr A [ 45 o A Ao ) ) 2
HR MR 255 5 (2) MaJm 3 Pk s s 4k = YA A N
A FLR RIS ) P 2 PR AR S A S 2R R Y 2
O 5 (3) X LERFAE J2& 75 W5 718 A AR LR AR 7%
e R ERRE AL W5 S R v R 4R WA B9 )
RETESEH

1 #HHEF*

1.1 LA R A BN 7 L

IR | VLV A RN B E 5 R R T
PR b O AR AR R TP R R B ] (YL VE 44 B
EiHi,116°03'28"E 28°41'55"N) , ¥ F 3 FhA7 45 s
fh2F AR T8 R PE R 8 AR A T4, o0 0l Sk
¥ ( Camphora QBO )., ® f& ( C.
parthenoxylon, QPO ) | 1% ( C. officinarum, QCA ) ,
2024 4F 10 A, e 5 — A &AM T, X 3 # H bx
B, ol Bt ML 28 B 4 AR B A 88— % ft B A AR A
KA E A R RERR AR, 23 R 4 TC 8 A5 1Y) AR
AR R AR AR O R S i R A AR 3 36 A
AR T B2 75%WKETH 8 I K be K, FEACH
T A B PRIE, FEAR G Ko BE Bk 1T
TN RS R E TR N (N kA 2
15255 2%, T N AR FL T DNA 4241,
1.2 # 7K DNA $2EX#0 PCR # 18
1.2.1 AR @H &4 DNA BRI BRI HE
(2011) (53, WP R g 3 AT IR B AR R A AR 2K
AT R EE R, BT JCR KR 30 s—75%
LERR L 1 min—2% NaClO ¥R 3 min—75%
JERRL 1 min—JC IR ZKEEYE 30 s, THFEETERUG , K
FHREYIHE R 20 DNA 42 B0 & (AR 2 45,2019)
PEH DNA , BRI S e B AT
1.2.2 PCR 3¢ & 5 PCR( FHiREE,2009) %
H TransGen AP221-02: TransStart Fastpfu DNA
Polymerase , 514} ITS1F( CTTGGTCATTTAGAGGAA
GTAA) Fl ITS2R ( GCTGCGTTCTTCATCGATGC ) ,
Py R BN ITSIF_ITS2R X, BEAEEAR K 4 A~ &
B, PCR PYIARIR GG, 1L 2% B BE W B A

bodinieri

x1 ERIMITERENMEERELRZ
Table 1

chemotype tree species of Camphora

The sample information of three citral

RL RAETRAL %'
Tree species Collection site No.
Tt R Root QBO_G
C. bodinieri .
=% Stem QBO_J
M Leaf QBO_Y
B 2 Root QPO_G
C. parthenoxylon I
=% Stem QPO_J
M Leaf QPO_Y
fi # Root QCA_G
C. officinarum m
=% Stem QCA_J
M Leaf QCA_Y

LK R, H b 2515 (8 AxyPrepDNA 8 I A1
& (AXYGEN 24 w]) g 47 H 89 i Be VI [l iic, L
Tris_HCl Z& m i P It , JF FRUCH IR IR IE . S A% /Y
PCR ¥ Z4E b 5 & AR W R 25 B AT BR A A
( www.majorbio.com ) , #] Ff} Illumina Hiseq ¥ 5 #£47
i I, SRR TR 1-Sanger 2B )15 20 B
=5 (http://www. i-sanger. com/ ) 52 1 £ 45 &b B
A Z R T
1.3 HiEabiE

J 6 I e 4 22 o A ik B O 48 QUIME %k
4% 97% AH L 2 K S T HE 47 1R AE 4r 3 0T
(operational taxonomic unit, OTU) 2, OTU i if
55 UNITE &8 80408 FE A7 He X 58 i A i ks R
Shannon , Simpson , Chao I Ace #8507 Hr B A N 4
FLRERFIE M o Z R0, 18 3 32 4 B8 230 # (PCoA)
FEACAN [ REAS [ N A LT TR A5 M 0 22 5 . T
Kruskal-Wallis % Kz 5 53 B AN [F] B il K 28 48] 9
FOAERT 3= B2 9 1 35 22 S, DA ok th B 21 ) 25
AR PN 2B LR AT

2 HERH A

2.1 FIIMBEKEE

FEREJE 3 FhFT A6 I BB P AR 25 A 3L 36
AEE S G IS I 3RS 2 207 878 A% Wk
ok 575 011 267, F- K S 249.990 302 472
bp, S F K B 142 bp, e K F A JE 538
bp, FFFEY K BE R 340 bp, HiE 1 AIA, Simpson



934 OO0 W 46 %
A B
5.0 0.9
—QBO
—QBO ‘
5 asl B0 08 —aro
k= s_cpo o QCA
£ 40 —QCA = g7
g :
g 35 2 06
s 30 g
= A o0sh .
25 e E—
= & 04
9m 2.0 gm
= 03
o 15 o O
S 2
E 1.0 e 02
< g
5} 0.5 v 0.1
00 1 L 1 1 1 L 1 L 00 I I I 1 T T 1 1
0 5 10 15 20 25 30 35 40 45 (x10®) 0 D 10 15 20 25 30 35 40 45 (x10®)

FEdh 75140 Number of sample sequences

FE&L T 4150 Number of sample sequences

A. FEARHY Shannon $8 50 B4R s B. BEAR MY Simpson 18RI, REAGE LE 1, T,

A. Shannon index dilution curve of the samples; B. Simpson index dilution curve of the samples. The abbreviations of the samples are shown in

Table 1, the same below.

E1
Fig. 1

5j Shannon F8 A0 B M 434 7130, R U1 3
BE G B AT 5 B8 R4 I AR AR N A LR 2
PEE R .
2.2 AEWMFEARALTBAA OTU #H =

AL 2 AT AL, AR B 3 Al e 468 T 7R A o % o
(QBO) 1% (QPO) FIHE (QCA) HY=E i+ FIAR 1) 36
AFEASH ARG S 1238 4~ OTUs, FHE 2 A A Al
WERE ) OTU £l 605, 51 OTU £l 690, B
() OTU &0 414 A AR LA (1) OTU %k & fix
2,0 156, MikEMBERE A OTU Bem U, 32, %k«
FEFI AR A ALAT OTU it ol 57 Mk | B Al iss —
HIAN OTU B 113, 34 B 5 43R 5
BEZEHIT 9.13% , B 2 AL 2T OTU 44k
B3 8 A B B8 ( Saccharomyces ) | £ {1 J&
( Cladosporium) 4fF i J& ( Codinaea ) %5 10 Fh Jz —
SRR B, iE b g OTU M Eis b
279, B RETR A OTU BY%E 2 212, il OTU
AU R 389; A OTU MBI £, (5 b
31.42% , X 3% WA [a) e A ol TR At Ja A ol 14 P A L
HREE F & MR RIfE 2R

3 AR AN R ZH 2L 457 OTU B i o A7 7 25
5o I 2.B ATHEL, AT 2] OTU Bt i 2
My JRAE  HOR R B/ I5f OTU i
43, 5T OTU A e Jm A7 e bk Jm B A s 4k
1)@ ( Fusarium) 55 8 i Ju — 26 0 AN WL B 19 )

EE 3 FiT B R R P E AR

Dilution curves of fungi from three citral chemotype tree species in Camphora

H L 2. C AT, N ZE A TN 31 OTU %i i 22 1Y 42
ks, e s, R iR /b, T OTU B o 22,
T OTU A i 3L A B A7 vE IR 22 40 R
( Thermomyces) A H1)@ | HE4& )& (Alternaria ) 55 3
i o — 86 5 NI Jm . I 2. D AT AR
FRRIN B OTU 45 i e 2 1 A, OO e ds | B
B/ U OTU B o 23, 36 F OTU ALy e
J& A fi- TR & R R ( Talaromyces ) | s Tt 46
J& ( Phaeoacremonium ) 55 8 Tt Je — 26432 AN B 19
JA o XRIAERRE 3 Fh Ay I B R b i FIAR
(4 PN 2B LR OTU St I3 — B0, AR 58 B A7 75
255 Uk B R A L BV A VR
JE B AR B 1 b ok A5 X T 25 2H GURT RE AE AR
TR B P b s AR
23 NEEEMESN

HH L 3 AT AT AR E IR 10 9T TR+ 2
B 11 ( Ascomycota) 0B ] ( Basidiomycota) | 9% 71
%1 ] ( Mortierellomycota ) . 4% B | ] ( Chytridiomycota ) |
B 2 W ] ( Glomeromycota ). i 4F B [
( Olpidiomycota ) . % %24 ¥ ] ( Rozellomycota ) .
Entorrhizomycota . f#ff L% ] ( Zoopagomycota ) | 245 5
"] ( Blastocladiomycota) . BE%%[ ] ( Mucoromycota) , H
o, FREET TN R ZHEAR O HRRE A
Xof 4= B 3 609% , L WA T AN [ B8 Ao 14 14 A LT
TEI K FREA B EFWE, XA e S EEMAY)
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100
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QPO _G
QBO G

QCA G
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200

0 QB0 G

127

QPO G QCAG

A R 3 AT AR BUA R OTUs $okt s B. A5 3 Pk i BUR Rt 3 f) OTUSs #cdd 5 C. 3 Ry b U Rl 25 5019 OTUs %

D, FE 3 AR AUR AR B OTUs ik,

A. Number of OTUs among three citral chemotype tree species in Camphora; B. Number of OTUs in leaves of three citral chemotype tree

species in Camphora; C. Number of OTUs in stems of three citral chemotype tree species in Camphora; D. Number of OTUs in roots of three

citral chemotype tree species in Camphora.

& 2

EE 3 MR A HEAFRH OTUs 2= Venn &

Fig. 2 Venn diagram of number for OTUs in tissues of three citral chemotype tree species in Camphora
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KIRBE R R 25 5 A 0 A I3 R Y1 BEAS P ok
ISR T He A, R R AR S A A AR AT BE AT
TEMURF IO AR LB 2EHE . A 01 J2 R I3 REA L
SEARAT I TE ] o b A T R A 0 3 R R Y

RG], B 5 A B R FE A AL (H S B R
FZHEAS 22 5 100 3, BRI 0 9 A6 LR AT
L 2 RS E B IEHE, Hopg £ ) W X
SERAET ], K4 Won TREE 3 R B A 7E
JE K- P A EL B AR 5 B o LU T 15 B, R B
WE B 22§l 5 J® ( Thermomyces ) 1 #¢ il 55 J&
( Mortierella) AZMW HA 13 AN @R FFRER ],
I 3 Mo e AR A 38y B R B AR IR, 18
7N T TR AT BEELAG i 043 P R AE A
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Table 2 Shared genera among three citral chemotype

tree species in Camphora and their different tissues

PN J i bt
Classification ~ Genus Proportion (%)
AR A A 3 BEREIR Saccharomyces 9.76
s )
Shared genera Kifl)J@ Cladosporium 4.34
P HFHJE Codinaea 4.5
tree species WEARE R Talaromyces 3.89
HEB5E)E Coniochaeta 2.95
WE L AR Thermomyces 2.70
@ Aspergillus 1.71
WS Fusarium 1.56
SRR Metarhizium 1.53
HEIB Penicillium 1.03
F4r2 Unclassified 50.27
HA Others 16.03
WA ILE R HFH R Codinaea 19.82
?,? if,i(tl pene IR B Talaromyces 17.53
WK A8 )R Phaeoacremonium 2.11
R R Pseudeurotium 2.09
M2 8 Aspergillus 1.56
221 )& Rhizoctonia 1.41
WA R Mortierella 1.35
WHEFLJE Scolecobasidium 1.10
HA325 Unclassified 48.53
HAth Others 4.49
E NihPEanH WML TR JE Thermomyces 9.00
Shared genera
in stem Kif)J& Cladosporium .88
BEME AR Alternaria 1.76
#7432 Unclassified 73.35
HAl Others 7.01
L i B EEJE Saccharomyces 29.72
Shared genera
in leaf i fJ® Cladosporium 587
WIS Fusarium 3.73
a5 )J® Aspergillus 3.63
2+ JE Candida 1.09
W I 22 TR B Thermomyces 1.08
W )E Mortierella 1.07
AR Nigrospora 1.02
H432% Unclassified 42.57
HAth Others 10.22

2.4 a ZEMEEHS T

K H Shannon $§ %% . Simpson $5 %4 . Chao il Ace
TEBO AR & 3 Ay 52 T AR A 0y A ZE A Py AR
FLH o ZREEIEAT IR 45 2R WA 5, & v i 4
55 R —4 M . Shannon $8 %N Simpson $§
B TR I% Z 4%, Chao Fil Ace T8 BUH T
ALY PP A B, Shannon 15 BUE#E R | 26 WA AL &
A ELTR BE T8 Z A B =F & 5 1T Simpson $i§ £ {E
ﬁ,mﬂﬁ@%ﬁgﬁ@ﬂfﬁﬁo Hﬁ [751 5 Ef%ﬂ, Shannon
ZREVE T8 BN = B A T Sy B > A > A
Simpson 25 FEPEHE EOM rmi B A 9 0T Sy A > Ak A >
TR, W] BORE A N A TR R VR 2 RV R R R
5/INo Chao Fll Ace & £ 55 BIAIK 19 I 12 2y 46 >
e > B R WIRE Y N A BT WA R R,
TR AR LR D W B AR, AR R R
JE e ABREIE Z AR RN, BERZRE TS D E)
Ao oy 2 X DI 3 36k s AR LR R Vs 2 R D
2.5 B EHEMESH

T OTU /K I, 3 F Bray-Curtis #5219 3 4
FRATHT (PCoA) X AR J&E 3 Pl A5 I B A 11 36 A~
FEAEAT 23 M, LE A ) B Aofr B A (] 20 2L38 52 Y
A E R AR AR 22 5 (8 6) o TR B Z T (18]
6:A),PC1 Al PC2 %l 57 ik 5 73 ] 4 13.38% Al
11.05% ( 2 24.43%) , b 5 R AR AR 5 R 4k
B M SRR AS SRR 23 B, ¢ B A 4 R
R R i 45 AR AR AL B8 A, T — 5 55 8 114 A (L2
BAR, TEAEY AR 2T (B 6:B) , FEFIZERY
FEA R R B RN 5 A B, R W 5 25
FRVRE 7% 4 RE RR DL RS Ay, T AR 5 I 1 R L3 I
ZERRRA TR A s AR DA 2 B AR B
A8 R AH I 20 2UER 037 2Z (R AE— 2 B AR BLE
2.6 PIFERSH

i id Kruskal-Wallis Bk A 36005 5 & 3 Ffir s
PR L 5 RIS [ A R 2 () AT S 3, 45 2R
ULIE 7, Epicoleosporium J& 3 Tl Fh v 22 S 4t 3%
BT (P<0.001) ; 25 1 )& ( Curvularia) J& 3 FAkFh
22 RSB FE W HEBE (P<0.01) ; Pseudoveronaea .38
R3¢ )& ( Dactylonectria) . &5¢ W J& ( Trichomerium) |
BRHWEE ( Fusicolla) | Pallidocercospora A FE F H
2 A R RE 25 BE ( Hypocreales _ gen _ Incertae _
sedis) J& 3 TR i p 22 53 B 25 I B (P<0.05)
et 1 & ( Codinaea ) IR B JE & A R 21
UL Hh 22 S A B 3 IR (P<0.001) 5 %R
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Fig. 3 Fungal abundance proportion at phylum level

W )R Cladosporium

@ FRJE  Codinaca
WAR# )R Talaromyces

W LA R Thermomyces
OHEE5EIE  Coniochaeta
[@FEREE  Saccharomyces
OISk g Metarhizium

W AE Curvalaria
WAR  Fusarium
Oh#)E  Aspergillus
@38 Penicillium
W g Pseudeurotium
W Epicoleosporium

Wik a#i® Mortierella
ks Alternaria
O3t Others
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Fig. 4 Fungal abundance proportion at genus level

(Aspergillus ) F{R 22 ¥ B} J& ( Candida ) 72 A [6) 4H 21
HRO7 22 5 80 8 2 B i SR A8 ( Nigrospora) |

BRE T 1] K %€ J& ( Glomeromycota _gen _ Incertae _

sedis) . K5 &% T J& ( Phaeoacremonium ) . 5 3 5 J&
( Malassezia ) 1 22 ¥ % J& ( Rhizoctonia ) J&= /A~ i) 4 41
TR 25 5 B E A, Z% LRI R — 1k
(AN [RIARS b 22 1] FIAS [) 4 2R A 22 [v] 32 47 A W
)22 5 R

3 WwE5EE®

3.0 AR FREARERHMANERREEESR
BT 38 o X A 3 PTG fl 2 R R AR |

2 N AR BTE R AT, R BV E i A )
— AR (B A B RIS A TE T KRR
KR REEZE S, TRR R4 RZH
A g XA (X R >60% ) |, EIHIE T HAR
FERAE Y AZ O N AR BT RV 1O AL, SR, AR R
(G3 FEA) rPH T IO B AR, DL R e
(J3,Y1) AR (J1-J3) BEA TR 2y R EC R 1T R
di LG, RETEAH [ 127 B35 5 T, 15 Wl B £y
R B N A BT TR AL G R, X S2 5.
55 (2024 ) WFFE SRR WA IR A9 D03 9 A
W TRE], SRR R —8, 1R M E
JB—FF RGOCRIUL, I 3 = R 3 T FE 19
X OMEEF KA TIHEERERLET LR
X PN A LRV (R LR S e 0 R A I B B R
AN —FE AT RE A TR S R A, BORE Y B — {0
PRME FERGAE PR Sr ST T TRy R o L, R T
AN (R o RS A B BT R B N A LR R
YEBL , AT RE 5 & LAY Az 2558 N PR A5G, A A A
R (A [R] AR ) A7 7 2 S, 1t B RIS [] — A Ao ) Ay
A= LT R v L AT R PR A R A R BRBT A3 4k, R A
VR & mAETE ERe itk b

Kruskal-Wallis kK 55 7T DL e BEAS 8] 52 725
1 B3 2 5 (Johnson, 2022) . Kruskal-Wallis
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