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Effects of graphene oxide on the structure and diversity of endophytic fungal

community in the seeds of Lolium perenne L.
DUO Li'an, YANG Chaojie, MA Meichen, SONG Diya, ZHAO Shulan *

Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences, Tianjin Normal University, Tianjin 300387, China

Abstract; With the rapid development of nanotechnology, graphene oxide (GO) has increasingly been produced and widely
applied in many fields, resulting in its environmental release and exposure to plants. Endophytic fungi can colonize the
internal tissue of the plant without causing harm on their host, forming a mutually beneficial symbiotic relationship with the
host plant. To date, the impacts of GO exposure on the fungal endophytic community in terrestrial plants have been rarely
reported. In the present study, ryegrass ( Lolium perenne L.) seeds were exposed to varying concentrations of GO solution
(0.4%, 0.8%, and 1.2%) for a duration of 4 days to assess the impact of GO on the composition and diversity of
endophytic fungi within ryegrass seeds. A high-throughput sequencing technique was utilized to analyze the alterations in the
endophytic fungal community as affected by GO. Our results revealed the presence of 303 fungal species across all samples,
categorized into 10 phyla, 39 classes, 84 orders, 160 families, and 240 genera. Predominantly, Ascomycota and
Basidiomycota were identified as the dominant fungal phyla, with Pleosporales and Alternaria being the common dominant

fungal order and genus, respectively. Importantly, the fungal endophytes within ryegrass seeds demonstrated sensitivity to
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GO exposure, particularly with the 1.2% GO treatment. As the concentration of GO increased, the abundance of
Ascomycota exhibited a significant reduction of 19% and 20% for the 0.8% and 1.2% GO treatments, respectively, in
comparison to the control (P<0.05). On the other hand, the abundance of Basidiomycota was significantly higher in all GO
treatments compared to the control (P <0.05). Specifically, in the case of the 1.2% GO treatment, the abundance of
Pleosporales and Alternaria notably decreased by 44.48% and 37.36% , respectively, compared to the control. Furthermore,
exposure to GO altered the richness and diversity of the fungal endophytic communities in ryegrass seeds. The presence of
GO at 1.2% resulted in significant increases ( P<0.05) of 123.5%, 127.4%, and 117.5% in ACE, Chaol, and Shannon
indices, respectively, relative to the control. Hierarchically clustered heatmap of fungal distribution at the genus level and
Principal Coordinate Analysis ( PCoA) highlighted significant disparities in the community structure of endophytic fungi
between the 1.2% GO and the other three treatments. Additionally, LEfSe analysis revealed noteworthy distinctions in
indicator taxa among the different treatments. Our findings underscore the influence of GO on altering the composition and
diversity of endophytic fungal communities within ryegrass seeds, particularly evident in high-concentration treatments
(1.2%) . This study serves as a valuable reference for assessing the potential impact of carbon nanomaterial exposure on

cohabiting species.
Key Words: graphene oxide ; Lolium perenne L. ;high-throughput sequencing;endophytic fungi;diversity
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PR AR ECRRO BRAPOK BB 2R 55 AR UK, 250 mg/L ZBERR AR AE N C, W BULE T N A R OIS 41, Du
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ONT] RSO R AR T 95% , R E AR 10—50 wm, PR 3.4—8.0 nm, L& H A 100—300 m*/g.
1.2 WHRITE

35 0.24 ¢.0.48 ¢ F10.72 g GO B3R ¥ T 60 mL By#4li K o EC ik 4 0.4% (GO1) .0.8% (GO2) F
1.2%GO( GO3) [#) GO B 77, #8730 min fiff GO 4K F k4],

FEEAE 10 em PEEFR LA PR TC B UEAR, 2RI 43 5IINA 6 mL AFEREE ) GO B IF IR, FH I /K VE K
XHR(CK) o BRI ESE | g BEZ T SIS TR, B 4 REL , FRuEFRIT 45
AR BE Y GO WS, iEZEA 4 d,

28 GO LI FIT K Y% 10 min, Bl 58 1 JC PRV E XS HEAR R T HEA TR BT R B . 7E 75% 05K
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TCHRK , WA A DA A A BB (PDA) 859235 LB 35 A DN Bk Y FH G T e 4R T b1 2 i K 4%,
BHTERBELES,-80 CERUHMRAT,

1.3 DNA 42U PCR 4" 140 i 8 )

MRS RIFPF DNA 4R BCR A 75 e 56 = F LT M0 8% (CTAB ) 35100, 22 J R FH B i et e ek G 1 DNA
(A 2003 AV S BBGE 2 IR 7R DNA F 048 i C KR BFEAR E 1 ng/pl, DIFRESE I SE R 41 DNA
M, il Barcode B 4% 5 5l # ITSIF ( 5-CTTGGTCATTTAGAGGAAGTAA- 3') il ITS2 ( 5'-
GCTGCGTTCTTCATCGATGC- 3") & Phusion® High-Fidelity PCR Master Mix with GC Buffer ( New England
Biolabs ) = 48 i P L BEE AT EL TR N % SR ] PR X (ITS) #) PCR §78% . PCR JZ WA &R (30 L) : Phusion Master Mix
(2x)15 wL, 514 (2 pM) 4% 3 WL, gDNA (1 ng/uL) 10 pL,ddH,0 2 pL, PCR S £51F:98 °C #7811 min;98
°C 10 5,50 °C 30 5,72 °C 30 5,30 MiE¥FF;72 °C 5 min,

PCR =W 2% B e WHEE I A 7 L R, e ASE D 4 1) PCR P2 AT ik, #9 E SCE | 283 Qubit 5 i
FSCPERN A48 )5 , I NovaSeq 6000 V-5 (bt RBUEAE WS BH ARG BRA R #-47 =@ w0y, K
P45 B B HE AT B F g i, B AE R AN T ARYE Barcode JE 2443 & RE S B | ffi F FLASH (v1.2.7) X %
AREARBINF B BE (reads ) #E7790% , 19 2R AR5 . S5 A Trimmomatic (v0.33) #4:, X Raw tags #£47
1E U8, 75 35 BT & (Y Tags B4 ; AL QUME (v1.9.1) %85 I L BR ik & 1K 77 91, 19 3 i & A 808 . 1
UPARSE (v7.0.1001) X 4 &4 805 9 HEA T 526 78 97% I HIARIEE K EiHE #2500 (OTU ) i B ok
TR R, A0 25 D IFTE R SO Bt REA RIS A
1.4 B
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Simpson $8 80U BLE B ) Z 6 Chaol F8EUAT ACE $8 5 WE & 2 BE . SR 4550 4T (PCoA ) | &
T RINAL (unweighted) UniFrac B FH R 155 Vegan £ (V2.5.3) 43 M1 AS [F] Ab # 2 [6] Y A= LA HEVS 45 44 ) AH
I o B FHZRPE R 0 B (LESe ) € B FH 2500 LDA {H0 4. 0, F3 450K LB FE LA T
Y,

FIFH SPSS 22.0 #A X HEFEAT B 25 22 70 H1 ( One-way ANOVA ) Fl Duncan 2 T LA, K B & L RE
T4 F e AN R A B IR) 19 25 53 2 35 M (P<0.05)

2 ER5H5H GO3 GO2

2.1 A GO AbFEXT B2 RFp T P A B Alpha 24 CK Got
P I 5 1)
DU AR S B 22 T 4 0, JL4R 1% 770357 45
BUFH, DL =97% AR R 2515 3 844 > OTUs, Horp <0
1.2%GO kb ¥ B2 B fp 7 N4 B OTU B2, b
701, WA EE K 1) w5, XHIEL] 0.4% .0.8% . 1.2%
PUASREEEIEAT B9 OTU %06 114 4, 554 19 OTU %0435
h 40 .28 .22 Fi1 415 4>, 1] UL 1.29% GO 4k H 5 HoAth 4b 2
FHEL , A SRRV AR
R A2 SN S L LA Alpha ZFMESEL @) 5@ go mmTeznmTnerEms oty $AE
(T D) AHL A AN E SRR T 99.9% , KWIMTF  Fig1 Venn diagram of endophytic fungal OTUs in L. perenne
BAERAREZET 4 NMOFRTE NAE B ENAEY (S8, seeds under different GO treatments
Shannon $8 KA 9454 BE R P9 22 BB RETE 2 REpE, OO LA OTUs: A I JL A0 CKL AT GO1:0.4% GO,
ACE I Chaol #5850 MY i 4 5 B 4R Bk, oy OB 087000:009:1.2%00
R . 0.4% 0 0.8% b FXS N AE FLTA Alpha 4% P4
BOA B E 5 B IR GO(1.2%) A BT, &5 B0 10, it Al %0, 1.2% GO A BN WA A B K
I R R

£1 TFEGORETEEZEMTFNERE Alpha ZHEHEH
Table 1 Alpha diversity indices of the endophytic fungi in L. perenne seeds under different GO treatments

"ﬁlfjimems ACE Chaol Shannon Simpson f vﬁfe
CK 186.6+12.3b 182.0+13.4b 1.83+0.64b 0.43+0.18b 1.000
GO1 153.1+45.0b 148.6+40.8b 1.63+0.33b 0.41+0.08b 1.000
GO2 194.0+29.1b 187.0+27.3b 2.21+0.33b 0.55+0.08ab 1.000
GO3 417.1+211.9a 413.8+211.2a 3.98+1.45a 0.76+0.16a 0.999

GO EAb A 805 ; CK X IR ;GO1:0.4%G0;G0O2:0.8%G0 ; GO3 : 1.2%GO ; ARl F-HE /R AS [F] Ab 2 7] 2% 57 i 3 ( P<0.05)

2.2 AN GO Ab3EU B A7 B P A LR T 4 B 5 T

T 2 X 5 SR A R R D 4 AL B R A R RS 10 177,39 49,84 H (160 F} 240 J& F1 303
FNAERERE, WK 2 s, KL, S4B A E TN F 25 1] (Ascomycota ) F14H F 5[]
( Basidiomycota) , 7 Ab 3 F-3E P& | T AR X = B2 UG R ZH R 55 55 (90.07% ) , FIk A 0.4% Ab 3 (84.61%) ,1.2%
AbFR A A (70.06% ) 3 PHF BT 1 F2BE DL 0.8% A B A die i (22.37% ) , % BRI (1.05% ) . BifiE GO MR
T, FRETTAFEE S PR 0.8% M 1.2%G0 4bH R Z LT XHR  FEAK T 20% 2247 (P<0.05) ; 1 45 e J&
GO AbFRFH BT 1A = 22 0] 8k 2 5 T X HR (P<0.05) .

XFHAKE 0GR, GO s T B A iR N A LB B R SR =E B . A% J8 P H (Pleosporales) S
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( Archaeorhizomyces ,4.07% ) ; T PFALEELEE ( Sporobolomyces ) F1Zk B My B2+ & ( Filobasidium ) & 3 4~ GO AL By
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Fig.2 The composition of endophytic fungi communities at phylum, order and genus levels in L. perenne seeds under different

GO treatments
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2.3 A[A GO AbFEXT A BORP - N AE LA Beta Z2HE1E Y5200
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Fig.3 Heat map of species abundance clustering of endophytic fungi at the genus level in L. perenne seeds under different GO treatments
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Bl ( Clavicipitaceae ) 22 ffi i J& ( Claviceps ) #1722 fi 1 ( Claviceps_purpurea) ;0.4% GO ZbBETC 2 5 . B9 A

3 WieSsw

Tobt 5~ REAS TR W) N BE A AR BT — A B3~ PN AR LR IR 1 R 2B I vh 28 G T 22 X BRI 26 A AR
TG AT 1 R il I P BARRS GO kil T S8 22 b1 A AR O VR S H R 2 AR PR AT 0, T
KB, GO AT LIS J 22 F 1 A A O R AT 2, Tk A8 FORE P 24 AR TSR 2 AR — 2, T2 T
VAT TROR SR R IR ) Y i 2 TR AR A I U E 3R A e R L WA BFST R,
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Fig.4 Principal coordinate analysis of endophytic fungi community in L. perenne seeds under different GO treatments
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