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Changes of endophytic fungal community in rice plants exposed to thiame-
thoxam
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Abstract: A pot experiment was carried out to study the impact of thiamethoxam on endophytic fungal community
changes in rice roots, stems and leaves by Illumina MiSeq high-throughput sequencing technique. Three levels of thiame-
thoxan were applied, 0 (CK), 1 mg/kg (FR), 10 mg/kg (10xXFR). Totally 757 058 effective sequences and 456 opera-
tional taxonomic units (OTUs) were identified. Alpha diversity index revealed that the fungal diversities were getting higher
as the concentration of thiamethoxam went up. However, the fungal diversities of rice stems and leaves increased only when
exposed to high concentration of thiamethoxam. The annotation of representative OTU showed that thiamethoxam altered the
structure of endophytic fungal communities in roots, stems and leaves of rice at the genus level.

Key words: thiamethoxam; rice; endophytic fungi; high-throughput sequencing

L) A AR RT3 S ) — i B Bl 4
WrBOE AR T EAEY RN FE A& S EUE Y A A

Y5 HH5:2017-03-16

EEWB . HK ARB2AIE 4T H (31601660 ,31572032) ; LI E 4L
Mk H EATHTR AT H [ CX(14)2060]

EEEN A BL(1991-) B LRGBS L, £ 5
M L BEPE R 5T T /B, (Tel) 15895845930; ( E-mail )
ck1991ly@ 163.com

BIEE A3 BH, (E-mail ) yuxy@ jaas.ac.cn

Y S5 708 1 — S BT ) AR LT BT A
PAEE N AR FL  JF BLL R 1 Rh s LA R AL TR
S AL P A T AR I AR A R X
AMFFIRA IS T I S 1 AP P R U, fE A
YA BRI He i e A B 2 AW B
ARSI R A w15 s A TR 15 Y 507 AR K 4%
FLRIER

PN A R R AR R R 23 A 52 B 22 R RS2
HEDIE ™ SR TP MR 37 07 8 43 0 1 S TR R4 P9 A



A DL R RGO K R P A LRV L I 803

FLIE M RER AL, B IRAS TR E FAED v AR LR Y
KREAAE 2257, B — 288 N 2B LR AE AR 18
Y H A A W 2 S BVER A
PSRRI, P9 AR TR P A 2 B R EL A 2
BEZFED ) BRILZ AN, R KRB B AR
WIEFE I P A R 2R IR T R AT
RTS8 AR A RRAR N, I ZER R AR N R A 1
'™, Hameed %" & B, 78 N[ M + HEM 55 F
T K FE AR TR o3 A R 2 R S A 25 5, Ob
55 YL NS Wi R 00 1 A A7 A5, A 0 T AL i
AFEARAR N IE 2520 N A B R VR Lk, 2R AR A
SRV B EVEE R A A T 4 e iR 52 R Y P AR
BT A )12, Zhou 5 R B, A% B IR 4
Tk A el AT DA 38 e 8 K s v N A L TR RV 45 1
0N

WE UV JE 1991 4F IR AR /) I & 18T R s 2k
ARG, JE T AU R R, B AT, E R
OB B IR K R e EL AR A S R L AR
& IR S 2 R AU T 2550 B 4Bk S50
ZAHEZK 110 ZFEY L& 10,2011 45 Bt
bt Hh B RS A 8 65 A K A L) T o R LR 1)
K i, 7EA7 R K R 38 77 I [T B, 0 9R 23 5% B A
e T A 38 R P P I S W b R R X BR B AR TS
e wE g BN W AR R AT BE 23 XK R N A LR
(BRI 20 1™ A S e, 2 & AT R AT i R A AR S
RG-S, 2K A 77 5, A E B K 7E
B ARSI DA WE g S A 25 SR T = N AR
()75 3, B 5T i A 245 T 38T KR P9 A B A R TR AL
B AR AR, B A 2 4R 2 % A2 25 I B 1 VR A A S R
SE, AR A BT G W i A 2 XU T il B2 A AL
SEARPE RIS TS
bRk
1.1 il iR

A 1 58 L A VLR AR B2 B K A it Y
b, RpRKBARY)E 10 i, R, H3ERH
T, &V & 30%, R 53%, Bt 15% , A Pl
2%,

T HEACPE PRI 1 kg 358, WS N &G W 4y
FIMERIRIFZE (TC &5 97.9% , BRI S H AR 25 A R
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Table 1 The sequencing of the endophytic fungi in rice roots, stems and leaves

P qbgm &) (Xﬁgﬁu ﬁtf%gﬂ }%(;nf;% ﬁJzIJJ(ﬁgFﬂU OTU I?Fﬂ(ﬂirl;’?térs%

R CK 86 282 81730 94.72 40 862 67 194.54
FR 83 786 80 294 95.83 40 104 72 223.22

10xFR 84 140 80 746 95.97 40 371 71 210.56

e CK 109 750 107 318 97.78 53 610 32 210.19
FR 85 242 81 330 95.41 39 748 33 200.22

10xFR 84 776 81 678 96.35 40 825 61 239.06

I CK 84 200 81 820 97.17 53 610 32 210.19
FR 82 508 78 588 95.25 39 748 39 200.22

10xFR 85 838 83 554 97.34 40 825 49 239.06

CK ;23 X B8 5 FR it P8t FH TR0 4 (1 mg/kg) B4R B 10X FR ;B 10 %58 g ) 77 700 B (10 mg/kg) HOAREE

22 BEHREWNKEARRENERESHEERRIT
Chaol $8%5F11 Observed species F8EU ML T PR
PR, A RAREOEOR YR B . Shannon
FEEOR Simpson FEEU W T WyFp ) Z4E4E | Shannon 5
BB, PIFh 2R , Simpson FREGEUK, P Fh £
FEVEBAR, R o ZREMETER (3R 2) 7R FR
ALFEAT 10X FR ALBE 7K FEARER Chaol $5%5, Observed
species FEEH Shannon F8E A (E 4 1 3 KT X B i

R2 TR « SHEEREY

Simpson FEEUIE 35/ INT XTI, 255 o0 i 45 SR 1
JINER e RRFR N AR LR P = 5 B RN A I 1) 2
fnpkati, 7EZE iR FR ALBEFNST HRAY Chaol $8%K.
Observed species $8%F1 Shannon #8403 0 It 22 57,
{HHAEF /T 10xFR LB, 1] Simpson 48 50HE A
[ EE T JCHH 25 5 28 R , vk P WE Hu g mT DAl
IKAEZE N A EC AP RR - A2 R T, T
WREITCH R 52m

Table 2 The alpha diversity index of the endophytic fungi in rice roots, stems and leaves

wE b3 Chaol 15%1 Observed species $5 44 Shannon #%L Simpson $5%¢
i CK 56.69+7.05d 39.50+4.95¢ 2.13£0.18a 0.84£0.04c
FR 72.191.40e 59.40+0.71d 2.68+0.05h 0.72£0.01b

10xFR 81.78+1.62f 59.70+2.83d 3.30+0.42d 0.54£0.04a

S CK 27.16%4.77a 20.55+2.90a 2.48+0.02b 0.78+0.02b
FR 25.7922.01a 20.80+0.01a 2.48+0.01b 0.75£0.01b

10XFR 49.37+5.61c 37.45+0.92c 2.90+0.54c 0.8120.06b

i CK 26.15+3.55a 22.05+3.18a 2.39+0.40a 0.7920.05b
FR 30.3922.09a 20.15+1.87a 2.37+0.04a 0.75£0.02b

10xFR 35.18+4.45b 27.35+2.47b 2.62+0.08b 0.7520.01b

CK.FR10xFR WL.3& 1 %, [AISEHE G AN R]/NG 5 R b Bl A] 22 57 .3 (P<0.05) o
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K1 S, 7E K R AR AT, X5 B f0 4 7 Js hy
Haematonectria ( 72.50%) , H X A Rhizopycnis
(7.11%) Fusarium(5.09%) .Acremonium(1.97%) ,
FR Ab 3 1) 7K 75 AR A 00 O 3 T8 )& i Haematonectria
(43.38%) Ml Fusarium (31.77%) , H-¥R A Rhizopyc-
nis ( 6.34%) . Cryptococcus ( 5.24%) .
(1.50%) , 10 FR Kb 21 A 7K e #1238 1 0 55 3 s
Fusarium (34. 88% ) F1 Gloeotinia (11.77%) , H.Ik Ky
Penicillium ( 6.35%) . Phoma ( 4.04%) . Rhizopycnis
(2.45%) Paecilomyces (2.32%) , ANIFEALE TR
PR EL TR R B AE A Wt 22 5, Bl 038 rpd Uk ik

B 1) A Wy T T% Haematonectria , Rhizopycnis M Acre-

monium W FHXT 3= B B W FEAK, JLHJZE Haematonec-
tria FRENT = B2 X B 72, 509% B 3] 10xFR Ab 3
THY 1.20% , Acremonium TF 10xFR Ak B rf 46 i A
F| . Fusarium . Gloeotinia  Penicillium . Phoma 251 #H
Xof = DU it - e e el R R B ) T T T, D
J& Fusarium , 16X B op HAR X £ 0 5. 09% , 1 75
FR A0 3 F1 10 x FR Ab 3 o AR X5 = B2 43 51
31.77% 34. 88% , Paecilomyces RAF7ET 10xFR 4k
HAKFEMR T, FR AT Cryptococcus W AHXT 3 B
e, AT RE APV i i R X A R AR VE T

K2 B, TE K FF 2578, 0 B ny O 2w s 2
Rhodotorula(18. 65% ) F1 Gloeotinia (19. 67%) , H:k Ky
Malassezia (3. 68%) . Verticillium (0. 80% ) . Cladospori-
um (0.24%) , FR 4k B 1 fIt 3 B J& & Gloeotinia
(38.10% ) 1 Cryptococcus ( 32. 68%) , HoIR N Verticilli-
um(1.21%)  Fusarium (1. 12%) , 10xFR Ab 3 i1 {1 3
W & J& Gloeotinia (26.07%) , H: Ik J& Cryptococcus
(4.66% ) Rhodotorula (3. 06% ) Malassezia ( 2. 80%) .
Alternaria(0.96%) , NIRRT | 25350 H 5 08 & [ FE
B W i 22 5, X BE R Rhodotorula FAARXT 3 BN
18. 65%, TMi7E FR ALFEAT 10XFR AREEH ARG E 4%
B4 0.12% 3. 06% , TEXTIR FR AbFEA 10xFR 4b3H
H Gloeotinia ¥ R J& , fHAE FR AT 10XFR
AbF R FHAE X 42 B 2 i TXF B, FR AL BERY Crypto-
coccus FHXTEFE H 32. 68% , 1M X HE AN 10xFR AbFHAY
AHXF = B8, Alternaria | Penicillium | Aspergillus X
E 10xFR AbFRAPAG I

K3 7R, £ K R 3, % BRAY Dt 2 w Jm
Gloeotinia ( 19.85%) , HL YR N Malassezia (9.71%) .

Penicillium

Rhodotorula(7.23%) .Candida (3.19%) ,FR A3 A9
B 8 A Cryptococcus (40.90% ) , He¥k A Candida
(119.91%) . Rhodotorula ( 18.02%) .
(7.42%) , 10 xFR At #5908 & J& A Cryptococcus
(42.68% ) Fll Rhodotorula ( 26.43%) , H:¥k N Candi-
da ( 8.55%) . Aureobasidium ( 5.93%) . Eurotium
(5.36%) Malassezia (4. 48%) , 3P & 4340 [F] B
FETERE 225, 7E X b R A W 2 Cryptococcus , 1 7E
FR 4b B A1 10 x FR 40 B e AR X =R B2 3 531 8 3k
40.90% \42. 68% ., Gloeotinia 7% XF & v ¥ 46 % 4 i
419.85% , 78 FR ALHEAN 10xFR Ab3 b A AT 515
TIH 7. 42% (0. T1% , BEV5E HL %8 b BRI JBE T o A OF
FEE IR T M Rhodotorula W5 2Z F8 Jz, bl
WE HWE R B T AE D B R B I H . Candida
AAEAK R g A i 3] AR 22 R ok WA, HAE FR
AEPRF B A X B B E (19.91%) o Aureobasidium
N Eurotium R AE 10XFR A-BHAG A5 4345, 76 X BR
A FR AL BT [ rp R D A

AR EL T 8 TE KA A [ B RAS [R] AL R 1 43
iGN ANEE 3 7~ Haematonectria  Rhizopycnis {XAE
IKFEARFR A AT J3 A, %o W He 8 L S5 B, A 0 -
Bl ARV B A FH = TR, Cryptococcus FEMR 25
XS RE AR UL A, MI7E FR ARFEAT 10xFR 4B
RZE M oA, JUHUE M FR ARBEAT I0XFR
AEETR  CARXT =F BE I I 40% , 1% T i AT R iy
WRAFTEE DU, 8 2 AT RE A B 17 2E K Z R
A R AR 12 B i 1 S B vk LA R R Y
LR 2 E 48 2 e, Fusarium E8ATAE
TGRSR, 5 RS B IE 45 21— 20 7R
XA AE FR DA 10xFR ZbFE T A9 A F B
R TS R TR T B o) W HUBRAE AR DU TE , P 4 1%
B e R AR 2T IR R
[t 77 TH 25 B B S S 5B E /7. Penicillium . Phoma .
Paecilomyces FE 5T A TEKAFAR , HAHXTFEETE 10x
FR LB f5e ey , W8 HOBR A AE R T BT AR K
Eurotium F Aureobasidium {XAE 10xFR Ab B A5
Sy AR T X wE R Bt (EA T IR,
Rhodotorula . Gloeotinia TEAN R B X 16E HUE 36 114 i)
NAFFEE Z25, BN, ZEAREB FR AL PEAT 10xFR Ab#
T Gloeotinia FHXT =R HEXT IR, ﬁ‘ﬁfﬂfjﬁﬂ“ﬁﬁfi %3
TEEX TE A E IR Ah 16T R e gk
E7J<7F§$E\%\”JFEPE"J§)%%%U“7§3§D

Gloeotinia



806

YOO 4 b 2 M 2017 4F S 33 % 4 W

HARS L (%)

FEXF = (%)

AHR =L (%)

1or B
90t
80}
70}
60t
sof
40F
30t
20t
10f
0 CK

FR 10xFR

posiil

CK .FR 10xFR W35 1 7%,
E1 XBRANEEFBKESZE

Fig.1 Abundance of endophytic fungi genus in rice roots exposed to three thiamethoxam

100

90
80
70
60

50
40
30
20
10

0

CK FR 10xFR

JisE

CK FR . 10xFR W3 1 7E,
B2 XEERRNEERBEKESZE

AR =,
Macrophomina;
Verticillium;
Aureobasidium;
Paecilomyces;
Acremonium,
Wallemia,
Alternaria;
Phoma,
golcjhliobolus;
ebaryomyces,
Cladosporium;
Aspergillus;
Rhizopycnis;
Penicillium,
Malassezia;
Gloeotinia;
Rhodotorula;
Fusarium,
Cryptococcus,
Haematonectria;

AR RE Y R

treatments

HoAt R e
Podosphaera;
Verticillium;
Alternaria;
Emericella;
Cladosporium;
Aspergillus;
Penicillium;
Malassezia;
Gloeotinia;
Rhodotorula;
Fusarium,
Cryptococcus,
Haematonectria,

IR B

Fig.2 Abundance of endophytic fungi genus in rice stems exposed to three thiamethoxam treatments
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Fig.3 Abundance of endophytic fungi genus in rice leaves exposed to three thiamethoxam treatments
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Table 3 Relative abundance of the dominant endophytic fungi genus in different parts of rice

ARXTEBE (%)
=i e Uit £ I

CK FR 10xFR CK FR 10XFR CK FR 10XFR
Haematonectria 72.50 43.38 1.20 0 0 0 0 0 0
Cryptococeus 0 5.24 0.12 0 32.68 4.66 0 40.90 42.68
Fusarium 5.09 31.77 34.88 0.13 1.12 0.08 0 0 0
Rhodotorula 0.02 1.37 1.52 18.65 0.12 3.06 7.23 18.02 26.43
Gloeotinia 0.01 0.21 11.77 19.67 38.10 26.07 19.85 7.42 0.71
Penicillium 0 1.50 6.35 0 0 0.03 0 0 0
Rhizopycnis 7.11 6.34 2.45 0 0 0 0 0 0
Candida 0 0 0 0 0 0 3.19 19.91 8.55
Phoma 0 0.05 4.04 0 0 0 0 0 0
Paecilomyces 0 0 2.32 0 0 0 0 0 0
Eurotium 0 0 0 0 0 0 0 0 5.36
Aureobasidium 0 0 0 0 0 0 0 0 5.93
HA i 15.27 10.14 35.35 61.55 27.98 66.10 69.73 13.75 10.34
CK.FR . 10xFR W3 1 JE,

it 409% ikt FRZE it AN R B, BlE

3 17 i

TEWE RO I IIE T, KR N A LR ) 2R 2
ARS8 N K R AN R B PN AR LR A 5 )
FEAE 22 5, 3 3k X AN [] Ak 38 7K R AS [ 38 467 1)
Chaol $8%1  Observed species ¥ %X . Shannon $§ £ FlI
Simpson T8 &5 A 43T A L, WE SR A4 T AT LA fin
TR FEAR &R A AR TR ) 22 AR | ] sl ey e 5 g e g 4b
BERT LA A K Fef 25 it A LR I AR (R BE Ak
FEI TC B 5

TEIR K b KRS ) A% B (AR 25 ) N 2R
A RAFEE W 22 5, DX RO 1] Haema-
tonectria 2N 7K T AR 7 09 06 5 R, AH X FE R
72.5% ,MAEZE M B 4340 . Gloeotinia 7525 M
HR AR XS = BE 348 20.0% A2 Ay, TEAR H o A # b
Candida {AEMERAFAE, 22 RP R WA, 2588
N BR T — SRR A A A E A A B N AR TR
Hb Ry AR LR T KA S A A AL B A —
FE PR, L2 — R B R ARTE TRE 4
LIBT3 5 Z HiHGE g 5

WA MO I M 7K R A ) 8 B N A LR IR 18 A
AN A BC T A R 9 53 A1 R 51, Cryptococeus 25 FR
AEFRFN 10XFR AL (UL TERE  HARXS 42 B2 X

392 B IRV B A 38 K | Gloeotinia FH % 32 BEFE 3
SIS A FEEY 1 Rhodotorula FHXT = FE 75 i35 0|
EIBIE G FR BT Candida FHX 3 BE AR
T 20% , % HRAT 10xFR AL R HAR X 3 B A
JE 9%, Z5RFM, O AELEE R R, BR R4
L EE NG I AN b aa o R A & )
KT 2% P AR TR R VR 52 T 1 F G A X 8 D
Zhou %5 T T AR 2 TR A IR XK 3 AR B
(RIS it 245 41 45 %o B8 4 B9 AR AL HE B0 A 29% , Y
A H RS &R T B R,

1B 15 37 0 0 S 8 AR 0 R i 9 B
0.1%~10. 0% RN T 1% 48 F B, w0 3 2 0 15 %
AR ARAE SRR FE A 4x10° ~ 6x10° 4551, 75
TEURBER I, KRR T i it o Js [, X
ZREE R 43 T A Rl A B 92 R H Tllumina
MiSeq 1o F i 5 AR 7K R AS ] 2 B 19 A EC T R
TEIEAT T3  FE— B AR LB /R T 78 e MU B
TOKFERR 25 A B ) SRR AR AL, ik
WA R rh, BEL TR JE A7 WE R R A 2 ARk X
ICLE B AT 43 B, IR T g R R Y B sl
REfVE R, PRAS & A 72 08 HUR hae X1 £ A K )
e N — B R TAE,
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