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Abstract: To enhance the regulatory network of the Zn,Cys,-type transcription factor, PATP1, this study employed
transcriptome sequencing technology to screen for genes related to the biotransformation of limonene into a-terpineol by Penicillium
digitatum DSM 62840 and the regulation of fungal growth. Transcriptome sequencing was performed on the wild-type P. digitatum
DSM 62840 and PdTP1-silenced strains to investigate the metabolic pathways and biological functions of key differentially
expressed genes (DEGs). Reliability of the transcriptome sequencing results was verified through quantitative real-time PCR. A

E[BE: W

AR, TS, £ T4, A5 Bk (K T PATP LZE SR AR TS B2 P % o- KA WM 5B B B B AR 2B A 20 T LI (0] AR £ B, 2026,
42(3):64-74.

HUANG lJialin, ZHANG Ting, WANG Zixuan, et al. Molecular mechanism of the transcription factor PdTP1 in regulating
a-terpineol biosynthesis and fungal growth in Penicillium digitatum [J]. Modern Food Science and Technology, 2026, 42(3): 64-74.

WESHER: 2025-01-08 ; f&EIHHA: 2025-04-30 ; ##ZHHP: 2025-05-01

EEWE: ERERVZESEFTFELTE (32101868) ; FEEITERZEESE ETE (2024M760795) ; AREHLEBIHEHRRMTE
(HN2025039) ; SARERRMEITRIBEAES (242103810080) ; AT AFEERAAEEITE (2021BS054)

fEEE . BEEM (20012, &, MTHRE, FARAE: RAEEDRENEK, E-mail : 1761284464@qq.com

BIESE: KRR (19920, %, HL, BT, MRAE: RAGELEYREY A, E-mail : zhanglulu_haut@163.com

64



MK EBBHT

Modern Food Science and Technology

2026, Vol.42, No.3

total of 1 221 DEGs, including 499 upregulated and 722 downregulated genes, were identified. GO and KEGG analyses indicated

that these DEGs were significantly enriched in the metabolism and biosynthesis of various substances, including sugars, amino

acids, and fatty acids. Among them, the expression of certain genes related to terpene metabolism or synthesis, fungal growth, and

the stress response were significantly regulated by PdTP1, suggesting that these genes may play important roles in regulating the

biotransformation of limonene to a-terpineol and the growth of P. digitatum. Reliability of the transcriptome sequencing results was

confirmed by the quantitative real-time PCR results. In summary, this study refined the regulatory network of the transcription factor,

PdTP1, by examining variations in gene transcription regulated by it, providing evidence for elucidating the molecular mechanisms

by which PdTP1 regulates a-terpineol biosynthesis and fungal growth.
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Fig.1 Chemical structure of a-terpineol
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Table 3 Quality statistics of sequencing data and alignment results of reference genome sequences

AR raw reads raw bases cleanreads  clean bases cleanratio/% Q30/% GC/% mapped reads map rate/%
WT-1 59175764 8876364600 59 147900 8666 191444 99.95 95.46 52.48 56 505 597 95.53
WT-2 54374424 8156163 600 54352418 8020209 055 99.96 95.44 52.62 52293011 96.21
WT-3 58490542 8773581300 58464828 8564624816 99.96 96.17 52.61 56 326 469 96.34
PdTPI-silenced-1 55456 652 8318497800 55429966 8153987720 99.95 9590 52.65 54165 031 97.72
PdTPI-silenced-2 60 168 480 9025272000 60147694 8842010 142 99.97 9523 5229 58377 136 97.06
PdTPI-silenced-3 63202 008 9480301200 63175040 9233279585 99.96 96.29 52.48 61 746 562 97.74

JE: raw reads : /R 455 reads 4% ; raw bases : JR %4 M 5S4 BRI clean reads : FF raw reads L4249 reads $LF; clean
bases : LIBT3 44 4L 69 B AR ILEK; clean ratio : clean reads AT & b Q30 : MIA4EiRE T 0.1% 695k 4 B & Lol 4 ); GC:
I G A C 694 F b % 09502 498 5 b; mapped reads @ Fbxt B A F AL F 40 F 4 reads X2 ; map rate : mapped reads A7 & ).
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Table 4 Identification of DEGs regulated by PdTP1 involved in the biotransformation of limonene to a-terpineol

K 2 AR EE R log,FC P1a
PDIDSM_73240 Cytochrome P450/NADPH-cytochrome P450 reductase; aldehyde dehydrogenase (NAD") ~ 1.43 3.58x10™
PDIDSM 11200 aldehyde dehydrogenase 1.07 1.87x10™
PDIDSM 74740 aldehyde dehydrogenase 1.08  9.42x10®
PDIDSM 00870 hexaprenyl-diphosphate synthase -1.39  4.48x10™

W KA=  PDIDSM 13880 aldehyde dehydrogenase -1.26  6.24x10"
fiigj; PDIDSM 34130 ditrans, polycis-polyprenyl diphosphate synthase -1.01 1.24x10"
Ri#  PDIDSM 46480 acetyl-CoA C-acetyltransferase 142 5.64x10™
PDIDSM 52510 squalene monooxygenase -1.4  8.19x10™
PDIDSM 20390 acetyl-CoA C-acetyltransferase 1.03 2.45x10™
PDIDSM 74170 hydroxymethylglutaryl-CoA synthase -3.7 8.37x10™"
PDIDSM 86810 aristolochene synthase -1.1 6.13x10"
---------- PDIDSM 64830 glutathione S-transferase -1.4 2.10x10"
PDIDSM 73240 aldehyde dehydrogenase 143 3.58x10™
PDIDSM 08420 alcohol dehydrogenase 1.47 1.49x10™"
PDIDSM 04080 glutathione S-transferase kappa 1 -1.5 431x10™
PDIDSM 57610 glutathione S-transferase 162 1.36x10"°
SRR PDIDSM 11200 aldehyde dehydrogenase 1.07 1.87x10™
%R PDIDSM 74730 glutathione S-transferase 149  2.71x10"
iﬁg@é PDIDSM 74740 aldehyde dehydrogenase 1.08 1.04x10™"
R# ppipsm 45970 nitrilase 101 1.82x107%
PDIDSM 13880 aldehyde dehydrogenase -1.3 6.24x10"
PDIDSM 38260 soluble epoxide hydrolase/lipid-phosphate phosphatase 1.43 1.13x10"
PDIDSM 15870 3-hydroxybutyryl-CoA dehydrogenase 126  7.45x10™
PDIDSM 18670 amidase 1.05 0.004
PDIDSM 20390 acetyl-CoA C-acetyltransferase 1.03 2.45x10™
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A AR HReIERE log,FC P&
PDIDSM 36310 maleylacetoacetate isomerase 239 2.39x107
PDIDSM 36320 fumarylacetoacetase 2.41 6.09x10™
PDIDSM 36330 homogentisate 1,2-dioxygenase 1.02 1.11x10™
PDIDSM 39100 homogentisate 1,2-dioxygenase 1.26 2.34x10"
PDIDSM 46480 acetyl-CoA C-acetyltransferase 142 5.64x10™
SRR PDIDSM 47260 amidase 1.51 1.31x10™
%)ﬁk PDIDSM 31870 CYP504A1; phenylacetate 2-hydroxylase -1.52  3.17x10%
iﬁiﬂ* PDIDSM 52740 alcohol dehydrogenase, propanol-preferring 3.16 4.03x10™
v PDIDSM 54040 pyruvate decarboxylase; alcohol dehydrogenase, propanol-preferring -1.9 1.31x10™"
PDIDSM_55630 amidase 1.01 4.00x10"%
PDIDSM 57990 glutathione S-transferase 2.45 1.16x10™
PDIDSM 69940 alcohol dehydrogenase, propanol-preferring 1.19 8.00x10™"
PDIDSM_74290 glutathione S-transferase 128  5.65x10™"
PDIDSM 88390 amidase 268  4.01x10™
---------- PDIDSM 67430 Cytochrome P450/NADPH-cytochrome P450 reductase -1.83 1.30x10™
PDIDSM 52630 Benzoate 4-monooxygenase cytochrome P450 233 1.91x107™
PDIDSM 88710 Cytochrome P450 monooxygenase, putative 147 3.21x107
PDIDSM 12990 Cytochrome P450 monooxygenase, putative; Benzoate 4-monooxygenase 3.46 2.30%x10™"

CYP450 PDIDSM 24680 Cytochrome P450 alkane hydroxylase 1.14 0.001

PDIDSM 67660

Cytochrome P450 alkane hydroxylase, putative; Cytochrome P450 monooxygenase;
unspecific monooxygenase

1.88 2.98x107*

PDIDSM 87670
PDIDSM 77350
PDIDSM 35010

Benzoate 4-monooxygenase cytochrome P450
Mitochondrial cytochrome b2, putative; L-lactate dehydrogenase (cytochrome) 1.08

Cytochrome ¢ -1.33

-2.08  1.21x10™"
2.01x10"""
2.01x10™
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Hy 25 €
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R 5 PATP1AEEBE & KA MmN HXDEGsHIEE ( #8473 )

Table 5 Identification of DEGs regulated by PATP1 involved in the fungal growth and stress responses (part)

H I 4 AR b AR =S log,FC P1a
PDIDSM 15410 Spore-specific catalase CatA -1.08 5.96x 10"
PDIDSM 14530 Serine/threonine protein kinase (Ark1), putative 1.37 1.60 x 10"
PDIDSM 45050 Serine/threonine protein kinase, putative 1.03 4.03%107"
PDIDSM 44400 G-protein comlpex beta subunit CpcB -1.10 1.47 %107
PDIDSM 71760 C6 sexual development transcription factor NosA -1.55 511x10"
PDIDSM_28970 Protein serine/threonine kinase (Ranl), putative -1.02 3.30x10"
PDIDSM 76510 Vacuolar iron transporter Cccl, putative 232 2.26% 107
PDIDSM 87230 MFS multidrug transporter, putative 1.35 776 x 10"
PDIDSM 67480 MFS multidrug transporter, putative 1.39 0.001
PDIDSM 46740 Vacuolar basic amino acid transporter 3 -4.13 3.13x 1077
PDIDSM 55020 MFS monosaccharide transporter, putative -2.68 1.16 x 107
PDIDSM 02050 C4-dicarboxylate transporter/malic acid transport protein, putative -3.20 4.94 %107
PDIDSM 43160 Calcium transporter, putative -2.07 1.36x10"
PDIDSM 16490 MFS monosaccharide transporter, putative -2.28 8.20x10™
PDIDSM 71940 Vacuolar ABC heavy metal transporter (Hmt1), putative -1.38 2.03x 10"
PDIDSM 07620 ABC multidrug transporter, putative -1.34 423x10%
PDIDSM 77480 Amino acid transporter, putative -1.65 581x10™
PDIDSM 26640 MFS monosaccharide transporter, putative -1.01 0.012
PDIDSM 35150 Mitochondrial dicarboxylate carrier, putative -1.14 0.004
PDIDSM 80150 14-alpha sterol demethylase CypS1A -1.65 2.05%x10"
PDIDSM 54790 Mitochondrial carrier protein, putative -1.17 3.85x 10"
PDIDSM 85580 Heat shock protein -1.07 327x10"
PDIDSM 05940 Catalase 1.97 7.25%10"
PDIDSM_65840 Glutathione oxidoreductase Glrl, putative 1.35 1.30x 10"
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Fig.7 Proposed model for the regulation of PdTP1 in the

production of a-terpineol from limonene biotransformation
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