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Abstract: To investigate the community diversity of endophytic fungi in three citral chemotype tree
species in the Camphora, and explore the diversity and structural differences of endophytic fungi in
different tree species with the same chemotype and various tissue parts, this study utilized high
throughput sequencing to analyze 36 samples, a total of 2 207 878 sequences were obtained. The results
were as follow: (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, all showing Camphora officinarum
(QCA) >Camphora bodinieri (QBO) > Camphora parthenoxylon (QPO). This indicated that Camphora
officinarum had the highest species richness of endophytic fungi, with 690 OTUs, while Camphora
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 Camphora officinarum
was the lowest. (3) Principal coordinate analysis(PCoA)based on Bray-Curtis distances revealed that the
sample points of Camphora bodinieri and Camphora 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 Camphora officinarum, suggesting a lower
similarity in endophytic fungal community structure between them and Camphora officinarum. (4) The
three citral chenmotype tree species of the Camphora all exhibited similar community structures of
endophytic fungi in leaves and stems, while showing significant differences in the fungal communities
between roots and leaves. The results indicated that the combined influence of host tree species and
tissue heterogeneity shape the endophytic fungal community, laid a foundation for exploring potential
functional endophytic fungi in citral chemotype tree species of the Camphora and provided insights into
the co-evolutionary relationship between endophytic fungal communities and host tree species and
chemotypes.
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Table 1 The sample information of three citral chemotype tree species in the Camphora
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Tree species Collection site Number
2 Root QBO_G
Mt 2% Stem QBO J
C. bodinieri
- Leaf QBO Y
2 Root QPO _G
A 2% Stem QPO J
C. parthenoxylon
I Leaf QPO Y
2 Root QCA_G
H 2% Stem QCA J

C. officinarum
i Leaf QCA Y
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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.
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Fig. 1 Dilution curves of fungi from three citral chemotype tree species in Camphora
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A. Number of OTUs among three citral chemotype tree species in Camphora; B. Number of OTUs in the leaves of three
citral chemotype tree species in Camphora; C. Number of OTUs in the stems of three citral chemotype tree species in
Camphora; D. Number of OTUs in the roots of three citral chemotype tree species in Camphora.
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Fig.2 Venn diagram of OTUs number in the tissues of three citral chemotype tree species in Camphora
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Table 2 Shared genera among three citral chemotype tree species in Camphora and their different tissues

Vi s & it
Classification Genus Proportion (%)
BB E Saccharomyces 9.76
Miftl)& Cladosporium 4.34
T H)E Codinaea 4.25
BIRWEE Talaromyces 3.89
AL @E%%Efoniochaeta 2.95
Shared genera among different EINALAEIE Thermomyces 270
) M58 Aspergillus 1.71
{ree species Pfu)E Fusarium 1.56
SHEE 8 Metarhizium 1.53
HRIE Penicillium 1.03
A4r2% Unclassified 50.27
Hofth Others 16.03
T HJE Codinaea 19.82
BIRBEE Talaromyces 17.53
ER TN )E Phaeoacremonium 2.11
T #E )8 Pseudeurotium 2.09
Wrst s %8 Aspergillus 1.56
Shared genera in roots Y 1%V )8 Rhizoctonia 1.41
W& Mortierella 1.35
Wit g Scolecobasidium 1.10
A4r2% Unclassified 48.53
HAth Others 4.49
WE IR TR B Thermomyces 9.00
IR Miftl)& Cladosporium 8.88
Shared genera in stems Bl Aternaria 176
A28 Unclassified 73.35
HAth Others 7.01
BB E Saccharomyces 29.72
Miftl)&® Cladosporium 5.87
Pfu)E Fusarium 3.73
M58 Aspergillus 3.63
IR W4 BERE Candida 1.09
Shared genera in leaves WE IR TR B Thermomyces 1.08
W& Mortierella 1.07
IJE Nigrospora 1.02
A28 Unclassified 42.57
Hofth Others 10.22
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Fig.3 Bar chart of fungal abundance proportion at phylum level

100 -
Wt 1JE  Cladosporium

Ot ¥ WiE  Codinaea
WK R 8 Talaromyces
&AL A JE Thermomyces
O4:EE5¢E  Coniochacta
@i ks Saccharomyces
O%k iR s Metarhizium
W% #E  Curvularia
WS Fusarium
Oith# s Aspergillus

O %) Penicillivm
e %8 Pseudeurotium
W Epicoleosporium
W% JE Mortierella
Dkt Alternaria
O34 Others

80+

60 -

40t

20

FH%F=E B Relative abundance (%)

QBO QPO QCA

¥ i Sample

Bl 4 JEAKF EHERFE S T E

Fig.4 Bar chart of fungal abundance proportion at genus level



2.4 o B R R T

K H] Shannon. Simpson. Chao fl Ace ¥8¥00 158 3 PPoTAF B BB FIAOAR . ZEF0 9 A2 U o
R TIMY, ER IS R — A . B S aTkn, 3 AREARFEEERINE (QCA) >
FERE (QBO) >##% (QPO) . Shannon FEE(AI Simpson ¥5 %3 H TR /m#E & 2 FE1% . Shannon $5%4(
fEBR S, RWIRE SN AR B R 2 FEE B T Simpson 8 BUE O, T s HL 2 pE PR AT .
Shannon 2 P4 B i B AU Ay s 8> M5 A% > 45 Simpson 22 FEPEFE B iy B 105 > e
FE>BRE, RN REE SN RTE, MR @i Chao M Ace fRECK BN A HE
YR B, REBUN S BRI B > ps> s, R TR N AE BRI R E R e, R
AN E A 4 K. A e, (HEEVE 2L, U EEE B Rl Y
PaAIAR S, 1 N A B R 2 REPE D

HQBO
mQPO

=
n

23 mQBO
mQPO
mQcA

S =4 e
o w IS

Simpson 5% Simpson index

Shannon #5%¢ Shannon index >

=
=

QBO QPO QCA QBO QPO QCA
C FE&h Sample D FEdh Sample
100.0 - 1200
MQBO
mQro WQEO
5 800 HQCA . 10007 WED
4 g mQca
g =t
> =800
£ 600 3
© = 60.0
;ﬁ 40.0 ;]EII
&= :‘;’ 40.0
: §
o= 9
& 200 -
0.0 0.0
QBO QPO QcA QBO QPO QcA

FEfh Sample Ff i Sample name

5 a5 FEMETEHURE i 4L ] 407 R

Fig.5 Bar chart of a diversity index distribution among sample groups
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3T H4R

3.1 HRANERAFERMM RN EREREER

ASHIFFEIE 1L AR = AT R AL S B AR . 2L M N RTE R AT, KRBV E TS A
Al —Ae 2, (A R REE SR PR KPR R 2R . TRETEL RS HREA
RIS O F 8 >60%) , ENIE 7 HAR BT E Y0 W A LB VR A . AR, Ak
i (G3 BEA) HIETRTTRONRMHAIEE, PR (J3, YD MR (J1-03) AP R RARE
FIR R A b, REIEM RS2 R 5N, 18 0 B 47502 BX a3 A A T RV 7 A R SR B PR R
R (2024) WIFLHIEE REW AR RS N AR R T 3R 1], SHMTRER— 8. MEN
TR JE—FE, SRGRRIE, KR TEETINEFETNX 0 IHER, KL T1EEREKRE
TRER A R VR (KRR . B REA RS B —FE, TRE DU FhRS 004k, BEAR I



R R PR R T R G B, OB T AN R R R A SR A P R T R IR P AR B
w EAENLE], AIRES & B ARG N O s AR AN R A B A7 AE 22 5, U B RISt 6] — M,
PN AR JUTR B R 0] R R AMA A KRR T A4k, PRER R AR B rs B R tE 2 b

Kruskal-Wallis Fk A 56 7] DLAE DAE A (8] & 15 47 7E 2 3% 22 7 (Johnson et al., 2022). Kruskal-Wallis
FRANAR 6 %5 5 H 22 A 10 AR b ] 22 S 40 35 25 /O B B, W1 Epicoleosporium (P<0.001) A 1 J& (P<0.01).
XSS LSRR IT A (2023) [IBFTCES 1R AH— 2, RO Rh 22 S5 A 5 25 s 2 e B B EVR 1) Beta 2 RE 1,
H AR R E AR R . BRI (2019 BFFE R IAS [FIAE A 23 e A
VIBEVRSSMAFAEE R o AT —ESE, BMEERI— AT, AR EM A B E R 71
WA HEBETE SR A, A0S RIS R SERAL A7 E B2 2 2 W i, kg, ri
JE AR 1 JB AE AN R BB A b 22 R R 25 (P<0.001) , 3325 S0 KF 1 b B B e BE i B K 77
[ — A =B R P AEAE R e M B 2R, A RIS B A MR I R 251, R N AR
W5 E EAF R RA LI Z MR R 2 IR BEAE R R . X P EAE T RES Jrg AU =4 1)
RS ERALE N L DRt A5 2 FibLE|, (ER I — 2.
3.2 VP2 REERRAE R AR R R RE I A 25 3 A AR

TN A B RV 2 R 2 B SR AT IR . T AR KSR R (Gopi et al., 2017).
A FPLZAENE TR, W5 220N A R S WAL R S, AR S AR B RAR, 225
S —E R . X 5ERESE (2025) £ KPR —80 BIZE. DR R 32 58 B 74 2H i
BoRPEE, SWAAEEHEXS. 25 Araujo & (20200 FIWTFELEE BA—8. HARAZEK N4 B ERE
AL L S AN o SR PPAN— S50 SO T PN A T B R VA AL FR I o B T IR, AR A A AR T
REfE TE ERhERME . AR, BRRgRAESHAES L ERFILFERE . XM 2R THH
AT MR 2R B b LIRS R B RE, (LTI S S PR 1 S e I FIAR B se 4 705 T 25, W2
FEXTRRAE, N A FLBE ] BETE AR08 T 2 S G T, 2 BIH RN R BAGIRS, WeiR. 7K.
BIE REE SR M AR A IR BB P B . RS IR Zhou 55 (2021) X A B
AU =P AR PN 2R JUER 2 FE I e A B AR, — 2D SRR — 0 22 2 T b AR SRR B
TELE I 2 A 20 e 1

FEaZREVEJS T, AHF9T KA Shannon. Simpson. Chao 1 Ace FE¥U6) 3 Ak @ s iR 250
MFEATVEAL o« AEAFIERAISE, Chao M Ace i 3R BIAR I P AR LAY Fh =F & FE B =i, 10 Shannon 54
T S HLA 22 RE R H 5 HoAd DU IR 8 BRI I, 1X 55 Kong %5 (2023) 781 BRI -2 5 rhf & (¥ Simpson
BES Z MK 20K, HRBEEIEMESMERIFA T —H. ZIMR TR SRR P A7AE
BEMAYME I DEOUERFERE b G4 £ SN, SEEZEMACT R, FEEARE
o RIH A — BB iEH .
3.3 NEREBEERFFEREY SRS SR RIEEBAR DI REER

AT, FRELEET 15 WEE B3 ANETTRET, UHRE 3 Fbra i S fhs bl 1%
WEEIS, HhitE. BRERE. BEE. SEEE. SHE. fiE. W58, 558EYE
TR CERBEE, 20205 IESE, 2024; DRIFIE, 2025) o o TEREEY, T
B R R R A, TR O AR M & S A AE S, T Re i B R R A B L
Z 5 ERE BRI BRI A . R I R B AT AR BE (WA AE, 0] g 3 i 52 BR) F X 264
JR LR R AL AR SS, B T A USRI E A

AT G T T AT A A5 I FR A o B FLAS TR AL 23 v o A B TR T VR 1 2L R R A LA A
AR JE ST 5 A A I B o P A LB SR I R FR P SR A R AR, R R S0 A —
A5 YA [RI B PAN [F) 2 2B N A 1 B A v 2H e 22 S ME IR I T BRI S B AR B

SERR:
ABUBAKR AHE, MUHAMMED MI, ZHANG GF, 2019. Seasonal diversity of endophytic bacteria

associated with Cinnamomum camphora (L.) Presl. [J]. Diversity, 11(7): 112.
AN T, TAN H, GUO R, et al.,, 2024. Research progress on the structure and activity of secondary



metabolites of Talaromyces sp.[J]. Chinese Journal of Antibiotics, 49(9): 961-985. [%Z 45, HE, F%,
5, 2024, WK R KGR EEH SR TE R FURERE [J]. AP ESTAERARE, 49(9): 961-985.]

ARAUIJO KS, BRITO VN, VELOSO TGR, et al., 2020. Diversity and distribution of endophytic fungi in
different tissues of Hevea brasiliensis native to the Brazilian Amazon forest [J]. Mycological Progress,
19(10): 1057-1068.

CHANG JN, TIAN X Q, FAN C Q, et al.,, 2020. Secondary metabolites from the antarctic fungi
Cladosporium sp. NJF4 and NJF6 [J]. Polar Research, 32(1): 60-67. [ 125, HBEE, HldE, %
2020. Ptk rd B % B B Cladosporium sp.NJF4 F1 NIF6 IR AR = ¥uwit 75 [J]. w5t
32(1): 60-67.]

CHENG H, ZHANG DH, ZHANG JZ, et al., 2022. Endophytic bacterial communities in different tissues

of apple rootstock T337 and their functional predictions [J]. Jiangsu Agricultural Sciences, 50(14)'

144-154. [FEX, Tk AR 48, 5K1R L, 25, 2022, SEREA T337 ANFALH A REE S HIhRE T [
LA RL:, 50(14): 144-154.]

DONG XH, SHI SL, YIN GL, et al., 2025. Diversity of endophytic bacterial and fungal communities in
different maize organs [J]. Acta Prataculturae Sinica, 34(5): 130-145. [FEREE, Jfini4L, FEW, &,
2025. RIS EHHRNEMEMNLERE Z M [J]. 505, 34(5): 130-145.)

FANG K, MIAO YF, CHEN L, et al., 2019. Tissue-specific and geographical variation in endophytic fungi
of Ageratina adenophora and fungal associations with the environment [J]. Frontiers in Microbiology,
10: 2919.

GAKUUBI MM, MUNUSAMY M, LIANG ZX, et al., 2021. Fungal endophytes: A promising frontier for
discovery of novel bioactive compounds [J]. Journal of Fungi, 7(10): 786.

GOPI K, JAYAPRAKASHVEL M, 2017. Distribution of endophytic fungi in different environments and
their importance [J]. Research Journal of Pharmacy and Technology, 10(11): 4102-4104.

GU MY, ZHANG ZD, TANG GM, et al., 2022. Community composition and ecological function of
endophytic fungi in different tissues of Lycium ruthenicum [J]. Acta Mycologica Sinica, 41(8):
1254-1267. L3, skER, BN, 5, 2022, HESMACAE LA A4 F B REVE AL X A 1)
Resrtr [J]. W5k, 41(8): 1254-1267.]

GUO SX, 2018. The recent progress and prospects of research on endophytic fungi in medicinal plants [J].
Journal of Fungal Research, 37(1): 1-13. [FRIIE , 2018. 245 HAEYI N A4E B BB BUIR R B s [J]
WYE, 37(1): 1-13.]

JOHNSON, RW, 2022. Alternate forms of the one-way ANOVA F and Kruskal-Wallis test statistics [J].
Journal of Statistics and Data Science Education, 30(1): 82-85.

KELLER NANCY P, 2019. Fungal secondary metabolism: regulation, function and drug discovery. [J].
Nature Reviews. Microbiology, 17(3): 167-180.

KONG K, HANG ZD, SHI SP, et al., 2023. Diversity, antibacterial and phytotoxic activities of culturable
endophytic fungi from Pinellia pedatisecta and Pinellia ternata [J]. BMC Microbiology, 23(1): 30-30.

LI JL, SUN X, CHEN L, et al., 2016. Community structure of endophytic fungi of four mangrove species
in Southern China [J]. Mycology, 7(4): 180-190.



LI R, DUAN WY, RAN ZF, et al., 2023. Diversity and correlation analysis of endophytes and metabolites
of Panax quinquefolius L. in various tissues [J]. BMC Plant Biology, 23(1): 275.

LIN XL, ZHENG R, HE TY, et al., 2019. Extraction of total DNA and PCR verification for Cinnamomum
kanehirae [J]. Anhui Agricultural Science Bulletin, 25(2/3): 7-9. [’/RF ¥, 8%, (K&, %5, 2019. &
75 2R DNA $REUT 7T J2 HL PCR B63E [J]. ik 2#@ R, 25(2/3): 7-9.]

LING QY, ZHANG BH, WANG YB, et al., 2022. Chemical composition and antioxidant activity of the
essential oils of citral-rich chemotype Cinnamomum camphora and Cinnamomum bodinieri [J].
Molecules, 27(21): 7356.

LIU WW, HU LQ, CHEN L, et al., 2024. A study on diversity and volatile components of endophytic
fungi in Cinnamomum longepaniculatum leaves [J]. Journal of Nuclear Agricultural Sciences, 38(3):
455-464. [R5, WIHETE, WRER, 5, 2024, FROARHEY MR A AR T 2 RV B R R T RR
Gt [J]. RS, 38(3): 455-464.]

LU LX, WANG HW, LIANG XF, et al., 2014. Effects of different chemotypes and seasonal dynamic
variation on the species diversity of endophytic fungal communities harbored in Atractylodes lancea [J].
Acta Ecologica Sinica, 34(24): 7300-7310. [ & 3038, EZMH, BEH K, %5, 2014. AR RFIZE
T AR N L LRV 2R [J]. 5%, 34 (24): 7300-7310.]

LUO LL, LI WL, DU XH, et al., 2025. Research progress on secondary metabolites from Curvularia
species and their bioactivities [J]. Natural Product Research and Development, 37(2): 375-391. [ % Fl
A, ZRBIHE, ALAEBEL, S, 2025, TR OE R Y R L EYE TERT STt R (0], R
RS R, 37(2): 375-391.]

MAO XY, DING Y, WANGYY, et al., 2025. Endophytic fungal diversity and its correlation with metabolism
in Panax quinquefolius seedlings [J]. Microbiology China, 52(7): 3124-3144. [Bik#, T 5, LM,
2, 2025, PHEES T A B 2 RN R L S AR I IR A0 AT [J]. BRAEA2EIE R, 52(7):
3124-3144.]

PAN H, CUI FX, YANG LB, et al., 2023. Diversity and functional differences of fungal communities of the
decomposing fallen logs of dominant species in cold temperate coniferous forest [J]. Acta Ecologica
Sinica, 43(23): 9856-9866. [W&UL, HEME, ML, &, 2023. FEMRAATEN TR SR PEIR 75 ff 51
R 2 REVE R DR Z S (] AR5, 43(23): 9856-9866.]

QIAN HY, ZHANG TT, CHEN SW, et al., 2018. Community structures and biodiversities of broad-leaved
forest and two types of plantations in Gutianshan National Nature Reserve, Zhejiang Province [J].
Guihaia, 38(10): 1371-1381. [£ifFi, KHH, FRAEC, 5, 2018. o H L HARGRY X & AR50
N TARRIREVE S5 A Z AR (D). ) PUAEA), 38(10): 1371-1381.]

SONG PY, LI FH, MA LL, 2011. Isolation and phylogenetic analysis of endophytic bacteria in Davidia
involucrate [J]. Microbiology China, 38(1): 8-13. [R5 5, KM, SFIF], 2011. HUAE A 408 1)
INERENRGRE SN 1), WAEY B, 38(1): 8-13.]

SUN X, DING Q, HYDE KD, et al., 2012. Community structure and preference of endophytic fungi of

three woody plants in a mixed forest [J]. Fungal Ecology, 5(5): 624-632.



THIELMANN, MURANYI, 2019. Review on the chemical composition of Litsea cubeba essential oils and
the bioactivity of its major constituents citral and limonene [J]. Journal of Essential Oil Research, 31(5):
361-378.

WANG RT, LIU DE, LI JM, et al., 2009. Quantitative real-time fluorescence PCR technology and its
application in genetically modified organisms detection [J]. Plant Physiology Communications, 45(6):
591-597. [EZIK, XI& )L, Jigd, 45, 2009. SER 5% E & PCR BAR M HAER Y HE I R 7= i
R R (7] MR AEIE IR, 45(6): 591-597.]

WANG T, YOU L, CUI XL, et al., 2009. Diversity of fungal endophytes obstained from three kinds of
arbores in Yibin, Sichuan [J]. Microbiology China, 36(3): 339-344. [ L%, Iif ¥, £, 4, 2009.
NEE=FIFARNEREKZEE 1], BUEYEEIR, 36(3): 339-344.]

WANG Y, LI HH, TAN GH, et al., 2017. Study on communities of endophytic fungi from Pogostemon
cablin and their antimicrobial activities [J]. China Journal of Chinese Materia Medica, 42(4): 657-662.
(B, B, EHEE 5, 2017 ) #EENERE I LLGUEETEDT T (7], R
JeiE, 42(4): 657-662.]

WEI AQ, WEI TX, LIU HY, et al., 2019. PLFA analysis of soil microorganism under Robinia pseudoacacia
and Pinus tabuliformis plantation in loess area [J]. Journal of Beijing Forestry University, 41(4): 88-98.
(B3, BORM, xigde, 45, 2019. B DORBLATIFA N Ak H38 A PLFA 2047 [J]. b
HMOL K24, 41(4): 88-98.]

XIANG YJ, WANG HH, SUN YD, 2020. Review on application of Litsea cubeba essential oils [J]. Journal
of the Chinese Cereals and Oils Association, 35(8): 186-195. [[RI & #, EiE, FMEAR, 2020. 1L#E
TSR (7). R EDR A, 35(8): 186-195.]

YANG J, DONG CB, CHEN WH, et al., 2019. Community composition and ecological functional
structural analysis of endophytic fungi in bark of Eucommia ulmoides in different areas [J]. China
Journal of Chinese Materia Medica, 44(6): 1126-1134. [#15, =W, FRTHs, 45, 2019. AFEMHX
AR B A AR AT AL S A S T RE S I 2= 5 0 (], PP 2G25 58, 44(6): 1126-1134.]

ZHENG Y], 2022. Cinnamomum phylogeny and molecular basis investigation of the terpene chemotypes
diversity [D]. Beijing: Chinese Academy of Forestry. [A7K7%, 2022, #JEHEM RS K G M IHnE 21k
FRZRENE > TRAMBTFL [D]. dbat: P EMAEEEAT TR ]

ZHOU SX, ZHANG T, LIU C, et al., 2023. Diversity and antibacterial activity of endophytic fungi from
Miao medicine Berchemia polyphylla var. leioclada [J]. Guihaia, 43(7): 1236-1243. [ BLjiE, k¥, X
W, S5, 2023, SEECA) LA A AR 2 AR RN RIS MERE T (9], T PUAES), 43(7): 1236-1243.]

ZHOU WH, WEI Q, FENG RZ, et al., 2021. Diversity and spatial distribution of endophytic fungi in
Cinnamomum longepaniculatum of Yibin, China [J]. Archives of Microbiology, 203(6): 3361-3372.



