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Abstract: Cycads are the only known gymnosperms with coralloid root up to the present, and
they are used as ideal materials to explore the interaction between plants and microorganisms. The
diversity and composition of endophytic fungi in coralloid roots of cultivated Cycas revoluta
collected from thirteen regions of China were analyzed through next-generation sequencing. High
diversity of endophytic fungi presented itself in coralloid roots of C. revoluta, but there was no
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significant difference in composition and diversity among different regions. The results indicated
that the symbiosis between C. revoluta and endophytic fungi within coralloid roots was irrelevant

to cultivation area.
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TP N A e — 2 AR TG TEAR ) A U 8 HL
TEYFPRE T A58 F AP 22 1 — 251
Ay, FERARME . HE R (Stone ef al.
2000; Schulz et al. 2006). Y5 A FEILE
PN =R 2 Sl R e o e 7 DR o N W ) S EE 71
PE, VA TR L RE A P B AL 1Y) 35 7 S RsE i A=
BhiH 32 45 (Ujvari et al. 2021).

INVEREAE Y A o T Z —,
HAM 5. WEREARE. AU, 78k
FRaY AL Ry 5 AR v R AN
B4 X (Lobakova et al. 2003), X REkZAt
AR PN A 4 TR W N TR AT A 20 i
H-ifi(Bergman et al. 1986; Lindblad et al. 1989),
Rt e S I P BRI, % AR LR AT
WE B T2, (H SAEAN R B 9k R
Y)Fh(Pecundo et al. 2021a)ld J A [R] f) A 2543 (0]
(Zheng et al. 2018; Zheng & Gong 2019)i1 7 i
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1 #RE5FE

1.1 #HAREEFRE

KA T HE 13 HSGER DA ES I B4R
FRINFA R, RAEMAE I E TILED
S, IRPUEAE E-20 CrkA. REAERH
2020 4 9-11 H
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1.2.1 HEAMRFTE KE K& DNA $2EL

I — B fdt Fe s A AR . FH A R AR
FEEVE T, WG E S TAES N T
MRFHKIE . ARKIZIAE 75% ZEEF 30 s,
2% FREN T 2 min, 25 HTCE/KIESE 5 .,
BB Ja — IR ERURIR AT T PDA B SR AR,
BT 25 CHFMIT RIS, 45 dJEWEgE,
FRIEFR T A B IE R KA BIR. R
F R CTAB L2 HUMEIMR S DNA (Doyle
1991), BEHCRAK FBEAIREA ] T4 38 1I0)%
1.2.2 MFEREES

TVEHL 1737F F1 2043R 5[H%4 1% rDNA ()

ITS [X(White er al. 1990) (3% 2), BJ5 A7 H%,
P4 7r= 9 A 1llumina 23 7] i) Miseq PE300 -5 it
Ry L . P4 TAEm B sEd Ry E 2y
BHAT FRA F 7)) -

(SRS | N O T R
NMDC % #& J& (http://nmdc.cn) , %% 5 N
NMDC40013847-NMDC40013883 , J5i 1 ¥ ¥ &
Jii#5 (fastp v.0.19.6)FIPFHE(FLASH v.1.2.7)f5, il
i QIIME2 (v.2021.4)7i 211 DADA2 #fifh5¢ ik
— KM, RIS T 5148 5 (amplicon sequence
variant, ASV), RACERT I HXT 2 A
unite8.0 (http://unite.ut.ee) A THI R FE
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FT1 MHEARREM S NREENMEE
Table 1

Sampling localities and number of individuals

i REHLR % i R AL
Name  Localities Longitude Latitude =~ Number of samples
SZ HILAAEYIFE Fairy Lake Botanical Garden, Shenzhen 114.17 22.58 3

NN FHFH XX Qingxiu Hill Scenic Area 108.39 22.80 3

GZ R4 South China Botanical Garden 113.37 23.18 3

XM JE I 1#E ¥ Xiamen Botanical Garden 118.12 24.45 3

GL FEMAAEYIFE Guilin Botanical Garden 110.30 25.07 3

FZ tRMAEHIFE Fuzhou Botanical Garden 119.30 26.16 3

PZH #4546/ R Panzhihua Park 101.72 26.59 3

YY 25 FHATYEFHIX. Ziyang District, Yiyang City 112.33 28.60 3

NC TLVEE MOl Bl B Jiangxi Academy of Forestry 115.87 28.70 2

HZ WHTARM K2 Zhejiang A&F University 120.21 30.25 3

HG # XIIATE2~BE Huanggang Normal University 114.88 30.46 3

CD rh R 5 BB A T o 104.07 30.57 2

Chengdu Institute of Biology, Chinese Academy of Sciences
Iz AT #3753 Fenxiu Park, Jiexiu City 111.92 37.02 3

H: CD: H#R; FZ: faMl; GL: ¥k GZ: J7M; HG: BX; HZ: dul; JZ: 5 NC: ME; NN: pT°; PZH: %

Bift; SZ: WYl XM: JEI; YY: %M. TR

Note: CD: Chengdu; FZ: Fuzhou; GL: Guilin; GZ: Guangzhou; HG: Huanggang; HZ: Hangzhou; JZ: Jinzhong; NC: Nanchang;
NN: Nanning; PZH: Panzhihua; SZ: Shenzhen; XM: Xiamen; YY: Yiyang. The same below.

*x2 SBEENFHNIIMER

Table 2  Information of primers used in next
generation sequencing
P4 X3, 519175 PR E
Region Primer sequences (5'—3’) Length (bp)
1737F-2043R  1737: GGAAGTAAAAGT 306
CGTAACAAGG
2043: GCTGCGTTCTTCA
TCGATGC

it FH mothur 2/ (v.1.30) 2 il Bk i 2 LA
T A5, L Chaol, Simpsoneven
F1 Shannon F5 5 (/MR ERMEE W F & . 575
JEE 0 Z2 R ) A% 45 3t DX I B0 AR v N A T RE
I o ZREPE. fRECA N R KR CRH
Kruskal-Wallis F&FIK:E)iE L R BAFH AT stat £
e, [FIRA R AL vegan #EAT AR KR 70 #r
(PCoA), VAt — L HRFEA [m] i X 1] 9 A= TR R
KN B SR E R, SRR NAERRED
2H B o B VR AR B (python vi2.7) K BR. 5
Ah, ATRFES XN AE R EWA N2, iR

£ stat 216l TAEARIA], XF &b X AEA N A R
WHWHER XA, #id R vegan 17704
T (RDA). #IH R £l psych v.2.1.6 (Revelle
2013) I N A BRI & [E] Y Spearman AH5C R RN
R (95% Y EAF DX IR, & W) (] AA e AR
YERIC R B BE(LAA C R 5 R>0.6, &M
P<0.05 JHME), F Gephi #/4:(v.0.9.2)2 il [ 4%
I AR GE A N A L TR 1] A A B OC 2R I o 95
BRIEAAR A O N A L

2 BERERM

2.1 MFEREIFLERR
ISR, L3R 1 898 520 A %UT
5, RIJEE] 1 166 4~ ASV. HT ASV ik
(R R R 2 (1B 1)ZR BN P IR G B . ZE 3
RPN AE ELE IRl L 45 R (B 2), X 66.47%
A F S0 LU = TTKE, e =R, H
B BACERTIEAEZEA R, MRE TR E

EFR 1037



NEE & /78K Cycas revoluta IR R E B R RIS

Research paper

110
100
90
80
70
60 {7
50
40
30 f
20
10

ASVIEH
Number of ASVs

REA I e it B
Number of reads samples
1 HRMihs
Fig. 1 The rarefaction curves of all the coralloid
root samples based on ITS.
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Fig. 2 Proportion of total endophytic fungal reads
assigned to taxonomical ranks.
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I, Bl 2 FH#E ] Ascomycota , fHF ]
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(K1 3). TEFTAHIXHr, 5 3 S i B R ] h

THER1(61.57%), HXEHTEI](7.01%),

HAb B S B AU o5 HUAR DS, st as

1038 EEIR

FIMEBE], B4 29.26%H N AEEFEE TKFE L
ANRER . AR ALK, R B AR
A ERE P TR (3.17%), 87.34%[1 N AL
FTEN K- EARREIRS
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Fig. 3 Community histogram of endophytic fungi
in coralloid roots of Cycas revoluta at phylum level.
Phyla with relative abundance less than 0.01% are
merged into “others”.
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TR B AR PN A TR TR R K 1 2 R
r(El 4A-4C)EH, KX PR FEE RS,
BINT 14 2 35 NMEziE, HhaEas s Es 4
J&), fRMEAk(14 &), M5 BETE & DX
FEAR(<0.4), HA BT THRAK0.13), IR
(0.38) X T ZFevERE 2L, BERER &, N
224, Bl R, M1.42, HAKHIX A Shannon
REUEIIN T WE Z 0 AKX 34> AL
HEAT R LI 22 Sk B 22 B, 45 b X [B) F 9% 24
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Fig. 4 Alpha and beta diversity analysis of endophytic fungi within coralloid roots of Cycas revoluta. A:
Chaol index; B: Simpson index; C: Shannon index; D: PCoA analysis.

XFT B ZHEE, A PCoA SRERFEAF]
M IX 8] N A B RS AN ZE S (K4D), &KX
TE & 20 B 53 A 45 R A L[] — b DX ) R [ A 1R
MR ZEA R, DL AR X )7 72
S, [l —HXNWAATEZER . BT weighted
unifrac #FEHE LN ANOSIM 4 [7] 22 54656 19
Z5RRH, TR, SR EEEA NS A R
F(P=0.206).
23 LEBRAE
2.3.1 TElE SR

TEI DK, AT Wl IE 13 4
b DX IR A A A, ELARXT R

AR 61.57%F1 7.01%. 1 HAKFEIAT AR
AERBEMERZ, 7 H, WEEEH
Hypocreales . #% 1§ H Pleosporales . #{#E % H
Eurotiales , H:H 8 $ 5& H 75 G FEAS b iy R )32
B, b 28.76%. TERIK-, BRARBUNRI PR
A, AL EERE Aspergillaceae 2 Bl RE A
A, HHR 4.40%, TTEILA RYJE (8 5A) L
AR R Acremonium WFREEEAKFY-, 7E
A REA TR B EEE N 1.17%.
232 WS

IR I AR N A R R T A R K F i St
PR, W45 206 AT AR 1 027 £l

EER 1039



NEE & /78K Cycas revoluta IR R E B R RIS

Research paper

A

NN PZH
NC 1o 16 52
9
4
XM
17
1z @ .
.:'?,?
7 &
4
4 CD
1
HG 17
FZ
GZ GL

5 RBKFHRMEREZOAE R

® Ascomycota ® Basidiomycota

® Mucoromycota @ Chytridiomycota

® Glomeromycota @ Mortierellomycota

A JERE; B: MZE AT, WA RBE R PR AT T2,

TR IMUREER OIS, B EOARTE A R 2 19 1
Fig. 5 Core microbiome in coralloid roots of Cycas revoluta. A: Flower figure; B: Network analysis, the color
of the node represents the phylum it belongs in, the size of the node represents the value of the degree, and the
two nodes with the largest value of degree are marked in yellow.
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AW SFEB R IEAE, B A AE
f, JCHOEIR$EE Hr7c Rl Natipusillaceae; £
DB AW SR IEM SRS, W
Porostereum FNZEFTJE Xenoacremonium; 7
b, BHAANRARSKE 20, B,
2250, IR R LT AR JL T A 32 1 3R 3R 1Y)
SER AU EHh XA A R AT FLIA 5 R
B AR SCE
3 ik

TR Y 5 0 e R 13 A4
DX IR 15 7 SR AL v N AR TR Y 2H AR S R
PESEAT T oM, RN A I Z
., HHFEAFRMXEMZEFIFARE, X5
KRF(2018) K IR BRI IR PN A= ELRRT O IT 9T 45 2R
FEAR 3, B [ R R A IR () LA
A AL, 2 B2 2k AR P A= TR 1 2H B
FIRESZ 15 FAEBAE A

X FARZDEFE Y E , Dong et al. (2021)5
45T 4 FE 7k, ABFECRTEE 53 A
2853 M 2 Pl HORF E TR BRI AR A% O N A=
FA, 2 Foyrdds s Rt eES . L, 1)
KIS B I AHH T 18 TR A R 5
B C. dolichophylla (FB55 2018), X tipgk C.
bifida (Zheng et al. 2018), IIHIFREL C. fairylakea
FEAR TR C. debaoensis (Pecundo et al. 2021a,
2021b) N A= FL A ST o i 5 S LA AT
FRopERM WAL, BET AR N A H S
KRENTFHER], WIHZEY Pyrenomycetes |
£ TR 40 Discomycetes FlJE 8 24 Loculoascomycetes
(V2R (1 Fh LSS 2006). X AR 32 7 F 1Y
ZOWAEREIER, X B a5t fhd 2
EL PG R B AR AR TR R B — i RELRHE P
A A A N A2 L (Freire et al. 2020), FEAHESE
H, TR R B9 A L XA Jm K R B A
HEPERATRANA 2 J@Ah, A 2R T 2

J& . BTN, ZE SR A AT RE S 1Y
ST AR PN A AR AR WA E BT, ndit
Ho TR DL K B sl A ) B 3R G
(Hoveland 1993), [Kitt, B{IAEE )& AT Beto x5
BRI A5 A IR A —E AR R . SR, 7E
ULy 98 93 K A R D K AR v & B AR A% 0 BLTAT
J& NVIRTE & Talaromyces . 1 %% & Penicillium .
Bk JJH)E Fusarium. Pochonia F Gliocladiopsis
(Pecundo et al. 2021b), TEZ M HABFE Y (B IRk
KAEYAIN BT Z 0 A LA 8 k&R
R % )R
Cryptosporipsis . 122555 J& Phomopsis FIMH 55
& Phyllosticta (f1 /55 2006), FIATEJRK
L TR AR Y AL O RN TR . 4%
ST SRR A% O R B B R T iR (B EE R ) R 52
FEERE, X PSR B I RHE N A B W TE
KRN EF AT Ulmus minor H 4% 45 I 1| (Macaya-
Sanz et al. 2020; Martinez-Arias et al. 2020),
Martinez-Arias et al. (2020)% 38 RIH B di o 43
SRR YCB36 (RESEHE AR BE 210 i
WK Ophiostoma novoulmi W)AEK, 5518+
TP B, it ALK, KR
A e S B AR KA S R B T, AT R
1o 1 AR ) 8 T A2 Ak,
7 I W B B B S H AR A TR A A Y ER
ﬁﬁ Salicornia europaea '43 , ,ﬁﬁiﬁ?%ﬂ/ﬂﬂﬁﬂlﬂiﬁ
(Furtado et al. 2019),

PAKS TR M EC TR (arbuscular mycorrhizal fungi)
PICH AR RN AWM, et fs &
XT38 118 R ST DA T 2 755 1 3 19 A 4K 3 %8 (Parniske
2008). (BLEABIIE 1) FIr A FEAS Hh R AG I 31 DA
LR ELTR, HAFEXHEKER Zamia pumila FIL
F#k Dioon edule (Fisher & Vovides 2004), I
TRERCBAET 2018) AR B 53 Hh R 2 AL
AR BRI AFAE, SR Pecundo et al. (2021a)k
UM TR AR FL W €75 R Ambisporaceae JUH:

Leptostroma . Cryptocline .

EMER 1041
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TERRIRETE R Ambispora FEAE Tl IR 1) 3]
M, AEAERTFRERAR, X AT BB F T AR
AN & SR L F(Zheng et al. 2018), H T
HAth Py A= B A 5 LB 1) E B (Werner &  Kiers
2015), o AT AEJE A AR BB A 8 R AR Y
1€ B 5 1A FRAZEA G, 518 R )
AIEK,

HOGIMIMRAZ O N AE B, A HLIX
P RN A B AT RE 5 05, H RDA 7387
KL SR RW I RARKLER, HAT6eY
P AAR R IR S A O, FE AR L - S R IR
BRBE . SOk FRBECHEE 2017). 75
PP R ARSI A LR, SR ToA R A M
5 Castanea sativa WIHEZ 8 % 52 3] (Aghayeva
et al. 2018), Hamayun et al. (2017)A453 M2
WA B & Porostereum spadiceum AGH786 &K
PSS —FP e 2k 6 PR R Ui, Hadad
PRITT S PN A U B R S T ) R R

SRR E BTS2 . R, AR T
R I AT A% U P A FLTR A 2 5 28 R A
K& XA NAE W, #RATRE 578 F MY
FIBTIN A RE I AHSG, XA AT GBI IR RN PR 1A
MR R R R 22—

ZE BT, 7E 13 ANHUX IR
PN AR TR A% RN 22 R M TR 4 b X 22 ] G I
FRS. BUEEE)R . FRBKTR 8 P e i w Ry
TNVERI AR AR L PAZ O S, T RE SRR
BE 3 W R A G o INERAE N — P B R T
F 0 0 R A 3 R v 5 A P ) LR TR R T e
S T BAF RGN R R, AMUBHMHAKE R
s M HECNERRE , XTE— R IR 2
Y —R AR T RIS (Zheng et al.
2013) Aid, DX EARIIAIAR) 2 (A A AR
FEAR) RIS A A R TESE
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