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Abstract: The study was aimed to explore the molecular mechanism of detoxification of prochloraz by Lasiodiplodia
theobromae from mango and to screen related functional genes. In this study, RNA-seq technology was used to analyze
the transcriptome sequencing and functional annotation of prochloraz-treated and untreated strains of L. theobromae.
Prochloraz had significant inhibitory activity against the sensitive strain with an ECs, value of 0.12 mg/L. The ECs,
value of the two resistant strains was 7.67 and 32.67 times higher than that of the sensitive strain, respectively. GO
functional enrichment and KEGG signaling pathway enrichment analyses were performed for differentially expressed
genes (DEGs) between prochloraz-sensitive strains (DF04) and -resistant strains (HL02 and M108). Compared with the
untreated (CK) with prochloraz, there were 5342, 1148, and 2568 DEGs in DF04, HL02, and M 108, respectively, after
10 mg/L prochloraz treatment. Among them, a total of 566 DEGs were overlapped among the three strains. Compared
with the sensitive strains, the resistant strains had 2078 and 3096 DEGs up-regulated and 1527 and 1793 down-regulated

FEE  2024-02-06; fEEIHE  2024-03-04

E€WB FERAAREESIE (No. 32160653 ).

EHE N XERFR (1998—), <, WIHWFFEA:, WFFErial: MY, *l{51E# ( Corresponding author ): 4 " ( YANG Ye ),
E-mail: yyyzi@tom.com.



1812 o AE A F AR 45 %

expression, respectively. GO enrichment showed that the highest number of genes were involved in cellular process and
metabolic process between resistant and sensitive strains after prochloraz treatment, accounting for 18% and 16%, 17%
and 15% in HLO02 and M108, respectively. KEGG enrichment showed that DEGs were significantly enriched in meta-
bolic pathways between resistant and sensitive strains after prochloraz treatment, with 64.98% and 63.39% in HL02 and
M108, respectively. The analysis for DEGs related to detoxification metabolism identified 27, 17 and 59 cytochrome
P450 (Cytochrome P450), glutathione transferase (GST) and ABC transporter protein (ABC transporter) genes, re-
spectively. Eight genes were randomly screened for quantitative real-time PCR validation, and the results confirmed that
the trends in the relative expression of these genes were consistent with the transcriptome data. Based on the signifi-
cantly up-regulated expression of DEGS in the resistant strains, the final screening of 7 P450s genes, 8 GSTs genes and
11 ABC transporter protein genes may be related to the metabolic resistance mechanism of L. theobromae to prochloraz.
The results would provide new insights into the mechanism of fungicide resistance and lay the foundation for in-depth

analysis of the molecular mechanism of metabolic resistance to prochloraz.
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Tab. 1 Primers used in this study
BB T 5B (53)
Primer name Primer sequences (5'-3")
ppoC-F CGCACACTATCCGATGACGA
ppoC-R CTTTGCGCCAACGTAAGAGG
ascG-F TTGACTCGTTCTCTGCGTCC
ascG-R TTCACGAGCCGTTTCATGGT
pkfkB-F TCATTTCCGAGGTCGGCTTT
pkfkB-R GCCATGATGCCGAAAGGAAC
AgnL6-F CATGCAGCTCAACGTGAAGG
AgnL6-R TCGAGAAATGGCAGACGGAC
gst3-F GATCATGCTTGCGGAATCGG
gst3-R GATCTGGCCTTCCTTGCCTT
gedE-F GACAATGACAGCTTCCCCGT
gedE-R ACAGATCCTTCGGGTCCTCA
abcC-F GCCAAGAAGTCGAAGGGTGA
abcC-R TGAATGATGGCAGCCGAGTT
abcA-F AAACGTAGTCGTTGCGTTGC
abcA-R TCGGCGATGCTGACTCTTTT
LtACTIN-rtF GGAGATGAGGCACAGTCG
LtACTIN-rtR GCGGTGGTGGAGAAAGAGT
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Tab. 2 Sensitivity of three L. theobromae isolates from
mango stem-end rot to prochloraz

(e
ESE7S EVEy ECso  Resistance
Strain ~ Regression equation /(mg-L™") ratio
/(R-S7h
DF04 y=5.4648+0.5138x  0.9956 0.12
HLO02 y=5.0304+0.8024x  0.9893 0.92 7.67
M108 y=4.6901+0.5224x  0.9521 3.92 32.67
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Tab. 3 Quality assessment of transcriptome sequence reads

on the prochloraz-resistant and-sensitive isolates

Rl
Sample

JELIR B
Raw reads/bp

AR
Clean reads/bp

Q20/%

Q}O/%

GC/%

HL02-CK
HLO02-Pro
M108-CK
M108-Pro
DF04-CK
DFO04-Pro

60 9548 3900
61 3261 9600
66 5245 0000
65 7457 9900
73 6927 7400
58 7120 8300

601 600 5933
60 5480 2704
65 7682 0482
64 9784 8658
72 6050 2181
579917 4867

97.26
97.23
97.29
97.35
97.44
97.10

92.80
92.70
92.74
92.92
93.09
92.37

58.66
58.46
58.61
58.44
58.71
58.67
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Analysis on differentially expressed genes of L. theobromae
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Fig. 2 Analysis on differentially expressed genes of on
the prochloraz-resistant and -sensitive isolates after
prochloraz treatment
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T ( biological process ). 4;F ZIHE ( molecular
function ) X 4 ffi4H 53> ( cellular component ) J5 [ ,
Hop, JEHIIREFZAEDTE 27 4 term H, EA]
1) 22 S RAIR LB KT 100, AW rirfirh s
LM ESENH RS, FLEEENMIRE
( cellular process ) FIfCi# ( metabolic proc-
ess ), Hitf, DF04 vs HLO2 H1 4374 2249( 18% ).
2005 (16% ) 4~ DEGs, DF04 vs M108 #1454
3073 (17%). 2683 (15%) 4~ DEGs. 4+ TIhfig
R 22 S RN T E LTSS (binding ).
WAL TR (catalytic activity ), DF04 vs HLO2 H143
B4 1774 (38% ). 1606 (35% ) 1> DEGs, DF04 vs
M108 H153- 5147 2422(38% ). 2095(33% )1~ DEGs,
2 L 2H 53 R R v Y 25 S AR GR R Y AR TR A Y
ZEFIR ( cellular anatomical entity ) FlI AR E &
¥ ( protein-containing complex ) #', DF04 vs HL02
F B 1846 (67% ). 899 (32% ) 4~ DEGs, DF04
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DEGs (& 3). 2 Mtk HLO2, M108 S
ik DF04 ZI[A[ Y 25 S Rk LR o et ek Bl —
F, {0 DF04 vs M108 Xy 2s 5 Rk 5L H = 1
DF04 vs HL02,
25 WKEIRRAEFRERRIEZEE KEGG F5
BEEE

KEGG {55l %= s R R, WK
b3S ) 2 S R GR B AE P FEAC T (metabol-
ism ), 1% {5 S AP ( genetic information proc-
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BAbHE ( environmental information processing ) &

HHLARS (organismal systems ) i [, DF04 vs
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A~ DEGs. $iIER kS BURE K Z 1] 25 5 3Rk 5
PRI 35 e AR A A v, G % 22 e B PR 7
DF04 vs HLO02 1 DF04 vs M108 Fxfd 43515
64.98%7F1 63.39%; Hbr, {7 T Fi LAY 73 il 2 4 )
Y& ( global and overview maps ), Qi
( carbon metabolism ). ZIEFRICI (amino acids
metabolism ). 5B L (lipid metabolism ) %
B 7 AngE A Z a0 ( metabolism of cofactors
and vitamins ) ( & 4 ),
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i AN M €L R P450 B 4538 . 23 I k%
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ZF IR 27 4> L B MH IR R g 2= 5 3Rk Ik
17 A H1 ABC $%ia 1 22 S Rk HE P 59 40 B
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12 Mt AR R B IR A AL R A
& : 7> P450s FE[H L 8 4~ GSTs S A1 11 4~ ABC
FinBEAMEN (£ 4), BRI R ] BM4
X IR e i ) i A T RE 4 AR
Uk PR BB KB RAR T R S AT ] B A 1
PRI 2 A G .
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Fig. 3 GO enrichment analysis on differentially expressed genes between prochloraz-resistant and -sensitive
isolates of L. theobromae after prochloraz treatment
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Fig. 4 KEGG enrichment analysis on differentially expressed genes (DEGs) between prochloraz-resistant
and-sensitive isolates of L. theobromae after prochloraz treatment
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Fig. 5 Expression pattern of differentially expressed
genes related to detoxification metabolism after
prochloraz treatment
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Fig. 6 Expression of differentially expressed genes related to detoxification metabolism after prochloraz treatment
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Tab. 4 Differentially expressed genes (DEGs) related to detoxification metabolism

FEINIRE P ID #HHID FE K B AR llog>(FC)|

Gene function Gene ID Protein ID Length of gene/bp Numbers of amino acid DF04 vs HLO2 DF04 vs M108

M ZE P450 56016920  KAF4534497.1 1626 504 3.66 3.41
56023808  KAF4540033.1 1815 533 2.40 2.62
56018772  KAF4545714.1 3294 1044 1.72 2.65
56013120  KAF4537087.1 3084 985 1.70 2.00
56017986  KAF4546268.1 2335 761 1.14 2.58
56023282  KAF4541230.1 1618 502 1.07 3.34

56015129  KAF4537503.1 1282 285 1.07 1.55
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Tab. 4 Differentially expressed genes (DEGs) related to detoxification metabolism (continued)
LN T fE 3 1D #111D LA TR llog>(FO)|
Gene function Gene ID Protein ID Length of gene/bp  Numbers of amino acid pDFo4 vs HL0O2 DF04 vs M108
BB RSEG 56012557 KAF4538004.1 3310 1063 235 2.16
56023524 KAF4540579.1 1361 434 2.34 2.57
56013120 KAF4537087.1 3084 985 1.70 2.00
56024245 KAF4539782.1 1824 459 1.25 1.68
56024049 KAF4539912.1 1541 443 1.23 1.21
56019053 KAF4545392.1 1562 410 1.2 2.21
56021051 KAF4543290.1 2297 725 1.15 1.89
56011616 KAF4539350.1 3303 1083 1.06 2.38
ABC #3i25HH 56012868 KAF4537785.1 4024 1323 3.01 4.98
56019242 KAF4544985.1 2543 570 2.86 1.91
56018768 KAF4543798.1 4038 1281 2.23 2.23
56016520 KAF4534971.1 4223 1291 1.92 2.56
56014772 KAF4539018.1 848 196 1.18 1.30
56020614 KAF4543964.1 2758 822 1.72 2.70
56020294 KAF4544224.1 4882 1587 1.64 2.22
56016791 KAF4543620.1 5168 1541 1.53 1.84
56017578 KAF4546591.1 4099 1345 1.43 3.36
56024245 KAF4539782.1 1824 459 1.25 1.68
56012517 KAF4538145.1 3378 1072 1.13 1.35
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