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Stereoselective effects of the chiral triazole fungicide epoxiconazole on soil microbes
XUE Pengfei'”, LIU Xiaowei'?, ZHAO Liuqing'?, HE Zeying"*'
(1.Key Laboratory for Environmental Factors Control of Agro—product Quality Safety, Ministry of Agriculture and Rural Affairs, Tianjin
300191, China; 2. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)
Abstract: This study aimed to explore the response mechanism of the soil metabolome and microbial communities to epoxiconazole
racemates and their enantiomers based on the stereoselective response of soil microorganisms to the chiral triazole fungicide epoxiconazole,
using a combination of non—targeted metabolomics and high—throughput sequencing. No significant degradation of epoxiconazole and its
enantiomers in the soil was observed after 4 weeks of treatment. This residue could cause significant changes in the soil metabolome and
soil microbial community composition. The soil metabolome, bacterial and fungal community composition, and metabolic pathways
predicted by the PICRUSt gene showed stereoselective responses driven by 2R, 3S—(+) —epoxiconazole. The MetaCyc pathways of the
significant responses of 10 and 22 strips were observed in bacteria and fungi, respectively, as shown by the results of PICRUSt gene
prediction. The interference in soil microorganisms by(+)—epoxiconazole and(+)-enantiomers was more significant than by(—)-enantiomers.
The bacterial and fungal communities, metabolism profile, and prediction pathways of gene function in the soil environment showed varying
degrees of stereoselective response to cis—epoxiconazole. Given the importance of the soil environment in agricultural production,
characterization of the soil microbiome and metabolome can provide new insights into the ecological risks posed by exposure to the chiral
triazole pesticide cis—epoxiconazole and its enantiomers.
Keywords : non—targeted metabolomics; high—throughput sequencing; stereoselectivity; bacteria; fungi; soil metabolome; phylogenetic tree;
PICRUS; fungicide
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P M S T 5 0 1] PN o 1 0 ) = RS OR BRI =2
—, T BB AR KR (B3 A R 45 b
RO e AT PR B A IR BRI pf ek AR
2R8I RE i, 8 T 5 400 ) 22 A B B A S
82, DT 25 54000 g D T L P45 B H T, F R
Moy HA 2 TR 4R R A i, L AL
77 il M2 — FR A e 1 e A5 A — X H A 2R, 3S-
(+) =128, 3R~ (=) A4 B A XF AR (P 1) o FE4 &
AW 7 85 ) [T AT 2R ) R BRI 2= R A
SRR, HILRE AR AR e, B F R AR A )
ARSI AR PER S LA 2 a LB AR SR,
A R TRERMEAE 3 P AR AR B B O SRR PTG
SEMARE LD FEAS [ X AT SR 55 1) 9 £l
[EXEE SRS

2S,3R~(-)-epoxiconazole

2R,3S-(+)-epoxiconazole

1 -SRI B 3o R 254 =X
Figure 1 The structure of different enantiomers of

cis—epoxiconazole
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240 T R SR LR R AT o Y S 1 it
JH AT ik 2 A S R el S A A W AR I A A TR
AR it 3 WAL T IF 5 20 o 38 e SR A A R
20 TR PR RN 2 B T X B S P 20 e R B X 30 T
Sl IR X TN, IR Y A K
SR A 2 U e AR S 0, ARG 4 38 114 P 2 e
et - AR ) 0 A T v A L PR P B A )
PrrE M, DL EWFTEER R B X AR 2GS AR, TS T
FLFE =W IEOR RRAE N A TR 28 AR M s 4
WF e R R i 0T ISR AR AR W 00 B A AR BRI
X W AR AR X T BRI , () =X AR L
(=) =X W AR TE b 38 v A e i ~F T B B, AR T 1
S, PR R OO R S )t s R 7R 3 -
e HE - e 051 2R 5 R P I A A A S Y S MR T
AN = W S T ) 0 R AR A P A A T

TEBIRENE , SR 100 Sl A 0 BRI 4 o e A e 26 1
W 7 5 A LA T

FI RIS T 20 H 5 (9 1 U 2 22 R ML T
TR R B R A BRI B T T, 2R
VA TG Qe xS A R R A BB T B
N T ARG IR e HAN [) %) il 1A 72 52 T LSRR W)
TRV LRI QI B8 S AR P i 17, AN AL
] AR 2 2 R E M A~ R A~ BB BOR i 1
SEAGIIAL R SR T EL - PICRUSH 2 [N ) R Fi]
KBTI A W) ST A PR A B ATL AR, DA TR AR
PRI AR B XU PG S A ) i B S8

1 #MREFE

1.1 2 RXFE5HR

SR IR 5 o T o AR R ASORA (3% = EE DU AR
FF 3%, Waters UHPLC 2 4t H BX QTRAP 4500 ( 3€
B Sciex 22 F) ) 5 A AR5 2H 2% 20 A1 R R oo R AH
3% — PO AR AT - AT B[R] 5T 3% A (QTOF 6600, 3 [+
Sciex /A H] ) o HAALEFALFE A ShE EEHL(IKA  FEE)
R EYR % 1Y (Thermo, SE[E ) , &3 B L1 (Heal Force,
FEHS)

SRR () -, 4l )% 99.9%].2S, 3R-FAIAWA[ (-)—,
Sof WA 40 B >989% 1 F11 2R , 3S—F FRME[ (+) — , Xof e A4k 4y
JE>98% 0 I ifg B # A M BOR A BRA R (P E
). HPLC 2 PII  H L 6 F 18 & TR T A
Merck (£ ) . H R IS R £ A Sigma Aldrich (12
). Jo7K MgSO. ., 43 Hi [ AH € U B 551 C18 Fl PSA
W H Agilent 23wl (3E[E) . 7K Milli-Q RFe il % .
1.2 SEHZIT

P2 HHE(5~20 em) BUE RHEEHT (117°27E,
38°90'N), - HEZ /D5 a i H SR AAME . - HE7E %
FRA 2 mm o R N+ (Fhkr 18.43% .
ThkE 50.04% K340 31.01%) , pH {E R 7.81, A HILA%
(TOC) EVA ANl 5 54300014 19 970, 140.1 mg - kg™
1445 mg-kg'o LI BT R (CK) M (+) - (=) -
(+) - YL B L 4 N B BR e 6 N R . Yedg
KA UL RO s 5] B e ek 2L
FE TR 1 mL SER I N W BR i (2 mg-mL™) S22
AF20 g 138 K20 YL B 1) 38 BT 5E Ut b ot
WUAFER IR . SRIGIA 80 g 25 [ HIEMRIR &, &%
LIRIRRIR AN K E A 20 mg kg™ o B, MK 1 8
IR Er R 18% o it HE A HE 0 P 46 1 () DN T 8,
A BEAAIR] . A 35E0E 20 CCF ROEIE IR 4, SR 5 vt
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URETRR Rt Y £ 4155 6

SIS A Y A RN - A
YA TIOREINE o T 3800 4403 - I FE-80 C
P70 72 30k 2 R 3 G, 56 =10y
FE-20 CHRAEF T F A 5 i, feJ — 1 T
FHAF I 498 5k
1.3 SIS ENE

TR A R T e A 1 2 BSCR: FH 0 B QuECh-
ERSV:, FRELS g 143 % 50 mL ¥R .08 H  InA S
ml £ B F KL KA 30 mine JILA 20 mL ZJi5 il
— MR, A E AL 3 min, EHUS A S g
NaCl, ¥ 25 .08 Bl U8R 3 20K, 5 000 - min™ B0 5
mine BT 6 mL 58 22 5 A7 J3 1l 1 AH A% BRI 5 741
(900 mg MgS0,. 150 mg C18 F1 150 mg PSA) [ 15 mL
BELOE R, E 1 min, BT GE I PTRE fCFL g B
(0.22 pm) 2 ASEFE /N, T UPLC-MS/MS 4347 .

Fo B e A% L S 44 45 B 4 Lux 3u Cellulose—1
FE A REAE (150 mmx2.0 mm, 3 pm, Phenomenex, ES
B o AL S BN « 25125 L (ISVF) 5 500 V5 i
J# 500 °C; %% 16 < (GS1) 3.45%10° Pa; il #4< (GS2)
3.45x 10° Pa; "< % < (CUR) 2.07 X 10° Pa; filf & <,
(CAD) W45, Z W Wil (MRM ) &5 - X6 A KA N 2
Bk,

WAHSAF AR 40 °C, I 0.45 mL-min™", FEFE{A
12 nl, TshAH A SHKAH, &5 2 mmol - L' BEBR %L, i
BN CNE . B VR 4 :0~2 min, 50% B;2~
3.2 min, B BRI 2 65% B;3.2~4.6 min, {£F5 65% B;
4.6~6 min, ¥ ¥ NI % 50% B;6~8 min, {154 50% B.
1.4 JE¥BME L IERIGAE

A Y A PRI S B T A IR A T T
— e, BOR R EE +3ERE G 2 o THURL O E
HL A 2 mL 2O A (H - Ho0=3:1, V/V) Fil | mL
LR K B0 IR HE 3 min, SR 5 4 (VKR ) 42
U5 min, FEAES0 (7012 g,4 °C) 15 min, ¥ F 5K
R amEt, D BB B EL 3 CH A B
WA 5 1E 40 CKIE AR T, 3R FA % T 0.5
mL ZE B b, 8 3 PTFE S FL M (0.22 wm) #5747
R 5317 -

Joz 5 2 1 (QC) A i il o TR 5 o A o ol 4%, DA
AT R L R P A B A ] . B S D SEPRAE A
HEAT—%F QCHE R AR , 43 IHEA T IE SRR 40 B 40
B i 198 715 M 43 M7 £E UPLC - QTOF —MS ( Triple TOF
6600, SCIEX) H1 i1 7, ffi ] Exion LC UPLC & 4t i %%
HSS T3(2.1 mm*100 mm, 1.8 pm, 100 A,Waters,jjélfl)
TR XTFE S A T 0 2 . AR E N 50 °C, i
503 mLemin, BEFEE 2 rLo WA A KA, &5
mol - L™ IR AN 0.1% R IR , i shAH B R FHEE . BB EE
VAR M :0~1.5 min, 3% B;1.5~11 min, 415 80%
B; 11~14 min, ¥ /15] 97% B; 14~18 min, 1§45 97% B;
18~18.1 min, &M% 3% B;18.1~21 min, f£553% B.

J % R 4 HIAE EST+ A1 ESI-HL B 45 2 F MEF7 .
HLIBE 55 L 25 (ESD IR 25008 « 8 F 1% /i R (ISVF) 1IE
BFRE5 500 V, AL -4 500 V5 B U IR B
550 °C; 5546 (GS1)3.79x10° Pa; NI (GS2)3.79x%
10° Pa; . %i¥ <. (CUR) 2.41 X 10° Pa, & /] TOF - MS
(70~1 000 m/z) ~IDA-MS/MS(50~1 000 m/z) &7
YAB AT R B AR AT 5 A B — G — e R, R4
A4 TOF-MS S2 55 v, KRR (DP) 2y 60V, fill 8 fiE
(CE)} 10 eV, IDA-MS/MS 7 i : K 4E Wi 17 #5100
cps 4 F ; CE FHAIE# BB 5 HL (CES) 435Il & 4 35
eVHI15eV,

1.5 BEEMEYNF
1.5.1 40

{#i JH E.Z.N.A.TM Soil DNA Kit(Omega Bio—tek,
Doraville, 3¢ [# ) $2 S SE 41 DNA , I ££ F-80 C
FpitE—2 4381 . DNA W B F146 B2 NanoDrop 2000
(Thermo Fisher Scientific, 3£ FE ) %€ . 1§ 0 1% Bijg
B8 B aE 1o L TPl DNA BB it . i V3~V4
AR X 5] Y dE 4T PCR Y3, 519 0 : 341F (57 -
CCTAYGGGRBGCASCAG-3" ) #1 806R (5" - GGAC-
TACHVGGGTWTCTAAT-3") . PCR 434 ¥ Fl Agen-
court AMPure Beads (Beckman Coulter, 35 [# ) 4lifk , 3
fdi ] PicoGreen dsDNA 45 Il i 1] & (Invitrogen, 38 [¥] )
PEFTRE L. TERB ) A IR S A S T
&9, IF 1 A Ilumina MiSeq ¥ 5 fll MiSeq Reagent

&1 BRMHRIEESH

Table 1 Mass spectrometric method parameters of epoxiconazole

VaiILY| BEE T FHT I B B i) B AFHEE  fifERE RO E
Analyte Precursor ion(m/z) Product ion(m/z) Dwell time/ms DP/V EP/V CE/V CXP/V
TR 1 330 121 50 76 10 27 4
IR 2 330 101 50 76 10 63 4

1% WHART]
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Kit v3 #E47 X035 2%300 bp Ml JF
152 HH

18 FH NucleoSpin® Soil it 71| £ (Macherey—Nagel )
$& S DNA, Jf a1 43 Ot Ot B % (novaseq 6000
PE250, Thermo Scientific) 7155 DNA VK EE . i F1 514
FE A ITS3~2024F (5" -GCATCGATGAACGCAGC-3")
FIITS4~2409R (5’ -TCCTCCGCTTATTGATATGC-3")
AT N EREE SR X (ITS2) B PCR P38 . 973 7
Agencourt AMPure XP i 5% & (Beckman Coulter, 38 [H )
Uk, H Qubit dsDNA HS £l i 5] £ (Life Technolo-
gies) & it , S5 15 I J5 [l EZNA Cycle Pure 71 &
(Omega Bio—Z% 50, ) MEA TN ¥ .
1.6 ZETEITHH

FRIBZH 2 J5 0 $iC0 8 1 SCIEX OS(SCIEX, 56 [H])
BARAL I A, FF RIS G W T A . 4] MetaboAna-
lyst 5.0 Chttp ://www. metaboanalyst. ca/ MetaboAnalyst/)
XA A5 s A T 2 A2 et o0, b AL I 5L
P AT R -y 22 FIAA L A

P 1T VA (ASV )RR I AR 1741 (5 L (FASTQ
30 18 QUIME2 HE#EAY DADA2 J5 b A 15 Bk sl |
MR E R SRR, —MRIESEHIT(0UT)
{1 JH RDP 4 8 A T IR 32, LASRAS A [R] 432 2%
SRS . {81 Kruskal—-Wallis 1 DEseq2 J7 % 41 1]
A it ] = B2 54 7 22 5434 , {8 H] Benjamini—Hochberg
Ik REE P, M RIBT getree WAHIYIF R G4
W, B HCE B AR R TS0 J& o MIHT PICRUSR2 % 168
rRNA K& X B4 2 fe 5000, I 45 & MetaCyc (https://
metacyc.org/) B FE A AR % X . 2 RE 1Y
18 #% A FH ANOVA Fl Duncan K560 361 722 55404 . HAth
ANl 18] 22 5+ 5 SPSS 23.0 5 i

2 #EREWR

2.1 SUAMERY ST RIE IR PR AR
FH R 2 0T, 3R EEE 4 8] 5 R LA 21 F P e 1
TH T 1A B ok W44 1) I 25 B i o SR 25 s (+) — |

(=) =1 () — 960 B M B9 5 45 23 531 (19.62+0.66)
mg - kg (18.63+1.43) mg-kg Ml (17.87+0.08) mg -
kg, HEIR S BRI E 2R L) . Ah, E R
PR EF O A 70 50O 1, R WLEE 31 1835 70 %) il A
TR

R OR TR A R Y i AR RS T R
ARSI, At = e SR T A 7E 1
S AR A F A AR, Al T B 2 S O 74~
177 d SR ) 2 2 O 86~247 d . DU Sk sk 114 2 3
W12 69~87 d KK PR ) 2 T 169~239 d, I
AR 14 Oy 141~210 U, H TR [ B 544
PRI B A PRI [ BREEA Ty, JRER M X - 35 A= )
A0S IR AR e P 52 R ELA S i — 2P PR 9T

KI2A @R 1 AR BREHAET K- B A 43 A
00 AR 2 B HELE AT 20 RO 4N & P Fh b AR TE B T
(Proteobacteria) . #LFT 1 '] (Bacteroidetes ) | 2§ H. il
I"] (Gemmatimonadetes ) il ZE & [ ] (Actinobacteria) &%
ZF ] (Chloroflexi) & F7 ] (Acidobacteria ) 25 2 .
PGS T R E AN . S CKAHLL B TE
] BRATTET ] SRS TR ) 2 BT T ) S A AR 2 5
TR PR R X it A % o 7T A IR 1 D S AL 2 5
X R, TTS2 DI 457 1 R SR A e B HOf
MR 8y i 7, AN [ Ak BERZE AT K- AR X A 1 10
W 2B s o FEAX R B HEAS Fi 20 B9 FLE AP
TR (Ascomycota) AR (Chytridiomycota ) il
F I '] (Basidiomycota) | #% 71 2 '] (Mortierellomyco-
ta) . Aphelidiomycota [] . % 2% 1 '] (Rozellomycota ) 55
SEFIAMREE T P AR, 5 CKM I, R
ARSI R FIXS WA R 5R 5 R T b ]
W] AT SR BB R R [A
B ARTETE ] RFF BT ] BT ] B
TR ) A ) H TR ) A R AR R i A SR T
i D A 25 S TR R T ) R Y, s TR 2 e
4 Kb 3T e A Y AR AR

PR M AN (] %o AR 2 5 5 2 1 948 200 T A L R

R2 TEEARRNETUEE

Table 2 Basic soil properties and epoxiconazole content

Py I L AR A o
Treatment Epoxicouazole content/(mg-kg™) pH SOM/(g-kg™) TN/(mg-kg™) TP/(mg-kg™")
CK nd 7.95+0.08 19.97+0.19 140.10+0.80 445.0+12.5
(-)- 18.63+1.43 8.11+0.02 20.20+0.23 170.08+0.24 422.5+10.0
(+)- 19.62+0.66 8.11+0.07 18.67+0.70 160.42+0.14 515.0+42.5
(£)- 17.87+0.08 8.16+<0.01 17.73+0.32 150.07+0.01 435.0£5.0

WWW.QEs.0r9.CN




m@g 1288

el Sicie il S 41 B8 6 B
100 == =—— == =—— A ZH[# Bacteria 100 [ m— — —— —— .
e = = — B E[i] Fun l
_— s e e g
B . | M Others - -
B - || Cyanobacteria
M Dependentiae
Nanoarchaeaeota
751 [ | Planptqmycqtes 75 M Entorrhizomycota
Elusimicrobia
Monoblepharomycota

M Rokubacteria
Thaumarchaeota

M Deinococcus_Thermus
Latescibacteria

501 B Entotheonellaeota
Nitrospirae

0 Verrucomicrobia

[ Patescibacteria

M Firmicutes

25+ @ Acidobacteria
Chloroflexi
Actinobacteria

B Gemmatimonadetes

B Bacteroidetes

B Proteobacteria

CK (=)= (+)= (2)-

X Relative adundance/%

B Glomeromycota
Olpidiomycota
B Mucoromycota
50 Blastocladiomycota
M Rozellomycota
Aphelidiomycota
B Mortierellomycota
Basidiomycota
25+ B Chytridiomycota
Unspecified_Fungi
M Ascomycota

X BE Relative adundance/%

07K (O (9 (2)-

2 AEALIBA XS Tk R R S AR RS0

Figure 2 Effects of different treatments on community structure at phylum level
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FEAN )G B PR v, A A () A P 21 1l 2 5
T AT E R AL P i S AR BE B PE A
G 2, A e R R e ] B R A
A W AH B R 2 T ) - S A P R AR
A LT (SOM) Fh ¥ i (14 20 B AR RN st A 0 R i
B /NGy T AR 2H 2 = 3R A A 43 ) 4 i
PN AT AN A B T SOM AR P I3, IRk
I A= S ARG T LA )42 i W A v 1 A8 4k
T F T LC-QTOF-MS Y I # 1] £ 5 20 27, 4t
i 281 APACIE Y o MR B TR Oy 22 0 B AR I 2
SR, M T CK 375 3 84 Fh i 3 22 AR
(P<0.05) , 7% B gl oA K FOXT il pA 2 i 7 2 T - 4384
WA Y 2 2 s (B 3A) . 3B 3T VIP /M E Y
PLS-DA X7 ARSI IR, AN [ b 3 A R R R 2 3
P BH B 22 5 . (+) - b BE5 R T 3o A i) o 2%
AT, (-) b BRG] A AR AR (+) - 55, R A
()5 T AR B S s o AN TR X A
FH AR I 225 Rt el (+) 3K 8 i) 37 Mk
AN LI e R e R el 2411 = P e
Yk s R T 240 L S E S DA SR SOM H 4K
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WHERE , SR ) B 5 5 R T L B Gl R P ALK
FBRAE R 7 AU
23 AENRERZENRERBEE
2.3.1 Ui
B 4A g AN [ ik A 20 T R SR 5 ZAEIESR £

(Faith_pd) . £ Wilcox K%, #1 H T CK . (=)= (+) -,
(+)-REEH M RGR T LIRS SO E 1 (P<
0.05) , i Ay 21 15] 1P 74 L 46 ) 400 71 28 68 4 7 2RI

BEUBAEA 3 (P>0.05) o ANEL 5 B, 40 1A 1Y R 40
R HEACI K 21 ) 7 B2 o3 A FA R 45 2R R 1 AN R Ak
PR AN A F 225 o Ho 5 AT A (Meridiani-
maribacter) . 55 {0 - 2 B B (Terrimonas) . 4% ¥
(Chryseolinea) HAT e K 1Y 73 LAV I 5 T TR
Salinimicrobium J& 7l B2 [ o AH LT CK 2L HL4 | fify
A 85 5E T & (Nitrospira) 3% [N (Echinicola) (%' [
W J& (Roseovarius) Wi W BE T8 J& (Methylophaga ) %5 1£
(=) =4 B - 8 rpORE X = 32 Y 8 8 0 5 £ B IR g A
(Ammoniphilus) | J& FCFF T (Pontibacter) | 5L 78 F7 AU
I (Methylotenera ) 5% T 14 (Pseudomonas ) S 7E (+) —
Aib P 3 v AR X S B B R A s T () - R EE L
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Figure 3 One—way ANOVA analysis and heatmap of the metabolites based on VIP values
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Figure 5 Phylogenetic tree and heatmap of abundance distribution between groups (bacteria)
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Figure 6 Phylogenetic tree and heatmap of abundance distribution between groups (fungi)
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Figure 7 MetaCyc pathways with significant differences in abundance (bacteria)
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Figure 8 MetaCyc pathways with significant differences in abundance (fungi)
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