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CHAA ARG . 1R A R B TS, M 730070)

i E [BHN] A6FE P450 MR SR ARG EMYEY b R EEZNEN, BT
CYP450 Ml W AF 9 Uk A= 90 T 1)t Sk KT 15 U B TR A 48 508 3o ARBIESE B FEAR ST B0 T TR X 80 v %
Acyrthosiphon pisum 4UHI 43 P450s BG4 & CYP4 1 CYP6 FKiGILFFIR MM, [ FE] /il 0.5,
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FRA 11 AR FEIXEE B (P<0.05), HA ApCYP4CI1014. ApCYP4C1019 Fll ApCYP6AI1401 Fiksy
BRI 3.13 ., 3.02 F13.93 /% MEHA 14 DREF B LI, 48 ApCYP4CI109. ApCYP4CI1011 %5 9 4~
D] 5% REAR LG IR 5 4% (P<0.05); Wi ApCYP4C1021 Fil ApCYP6A1305 5557 BEAR EL 433 13 2.90 Fi
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Effect of tannic acid on the expression of CYP4 and CYP6
family genes in Acyrthosiphon pisum
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Abstract [Aim] To investigate the effect of tannic acid on cytochrome P450s enzyme activity and related gene expression
in the pea aphid Acyrthosiphon pisum. [Methods] 3rd and 4th instar pea aphids were treated with tannic acid at doses of 0.5,
1 or 2 g-L"" for 48 h, respectively. [Results] Pea aphids fed on broad bean leaves treated with clean water served as the
control. The 2.0 g-L "' tannic acid treatment induced a significant increase in CYP450 enzyme activity in both instars (P <
0.05). Eleven genes in the head were significantly up-regulated after 48 h of tannic acid treatment (P < 0.05), among these the
expression levels of ApCYP4C1014, ApCYP4C1019 and ApCYP6A1401 were 3.13-fold, 3.02-fold, and 3.93-fold higher than
those of the control, respectively. Fourteen genes were significantly up-regulated in the abdomen, including nine, such as
ApCYP4C109 and ApCYP4C1011, which were up-regulated more than 5-fold (P < 0.05). ApCYP4C1021 and ApCYP6A1305
were up-regulated in the mid-gut 2.90-fold and 2.03-fold, respectively (P < 0.05). [Conclusion] The results suggest that
CYP4 and CYP6 family genes may be involved in the metabolism of tannic acid by the pea aphid.
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Wi & W Acyrthosiphon pisum J& ¥ H
Hemiptera %%} Aphididae, PAJIIWK = 25 HCE
W) R, R AR R AR, B
AREE . A RESSER A, ™
W5 FEHTE Medicago sativa. %5 Vicia faba .
HitL Pisum sativum S5 GRHEY AR (H5T%
XA, 2014) .

TEREY) S B gl At # v, MY 2 2B
BT A AP AR B B AL DA B R R, H
v, AR AE AR 2 o T 1Y B TSR e 2
—, InSEE . kR R e . £
YIBsAH T4 (Cui et al., 2016), HHYIKEY
FRE Rk AR B A X Y AR e . HCE R,
AT B A AT A B AR R 55 5 T 7 A AR
o, HEAARHAREN (Wareral.,, 2020) .

R T S RAE YR A W B R s e, AE R R R
T A XA R AR W A T A 5 i s AR AR A
Yliti . Horb, B HUAAE R P450 i (CYP450 )
T L HOG R P Uk A W o 1) i m A R 5
TR (BREFE, 2015; Lueral., 2021), 4i
MR P450 S AETHALIE . BRI . Jra iR A
ez 4 2N SNIE AL W 5 iR S K MR TR HL
BN (Cui et al., 2016 ), MIH]SS
TR A=) Bt B e g e, T B X )
FRHEPT . THIH CYP450 BEG 2 520 R B
WUk A= o ) R T

W5 &M, CYP4 I CYP6 RGNS 5T
R B BT A B AR, anfEAIR CYP6
HKG 0 sk ok, R BURE B R
Trialeurodes vaporariorum 1M ¥ B Bemisia
tabaci XA BURPER I, 23 5IFEAL CYP4
CYP6 G R A e S K SF-, - 300 5348 Jonn i, T 4
W5 Myzus persicae nicotianae WTFiPE (Pan et al.,
2019; Pymetal., 2024) . CYP4 Fl CYP6 Kk
FHIZS 5 T I Helicoverpa armigera FIk
BF Aphis gossypii BB (Mao er al.,
2007; Jinetal., 2019 ), 73 IFEK CYP4 K%
DI B EE SR, RIS E Tribolium
castaneum Xt T &y i BUR MG 58 ( Zhang et al.
2022 ), RNA T4 TeCYP6BQ7 Wk FKF-, T

FOCE R AL BRS AR s 4l HUA BT R A
( Zhang et al., 2021 ), RNA T4 CYP6 FKjkkk
MRk E, FERLRE Spodoptera litura %))
BT AT | B R R IR AR R A )
S B8 i ( Wang et al., 2015b ), T4
CYP6AE22] H W5, T3 5% 5L
Phthorimaea operculella X} a-7if 5 AU (2] 9%
4, 2024 ), [N, RIEFKME SR CYP6 Kk
5 DR Gt B P9 2 P E S AT DA AR 4 Uk A ) o
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CYP6 F 3 H 7 B H X R vk A= o i AR g o
RAE ARV
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X5 M PASOs S AN 5 BRI, ARHFSE
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HUTIRIS Y PASOs il ; M9 GE & PCR 43¢
BT B R PR T IR 5 CYP4 Ml CYP6 FK kit
R Y i oK, BEREEE SR X TR CYP4 I
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T EE LT

1 #R5AHE
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.11 #ifEwHR EOM PG KR
2-3d, #EFTIREATILAYIAEAR (d=5 cm, h=
10cm) 9, BAF 2 Pifh ¥, EEERIER L.
HCE TN T AR (#%5 . QRGN-800-3,
BUNEFHE R TR A BR AR ) PR, E S
RTERIE (20£1) °C, MXHBE 70%+5%, S
16 L : 8D, FFA G4 KE 4 M HTEEFpg e,
1.1.2 KB AR R . e RgE it
AR I AR PRS2 B L A A S 5 w44
LI F AR AR O LY AR O SRR R
3 (A5, HGZ-H250, [iFERE BT 2 AA PR
ONED) WESHOMIRE (20£1) °C, MHXHEE
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70%+5%, JEEW 16 L:8 D &4 FH %, f5His
I EE B G, AR RSR[5
M) L B 12 h R R, EIGE A
Ief FHFR 6 o

1.2 EAEg4bIE

AbFE T - NG X R FAL B2 . R
YN T CKEES, 2023) , HARWKE R
TR (0.5, 1AI2g L") BT 1.5 mL 1kEfa
BT, PR TR WG BB N R
HETELE T, REHE0ERBIEEEY
A7 5 T SRR T, BRI 3 %5 4 I 0 B 1
R EREN L, B FATRBERNESRE, &
H 8: 005 20: 00 H—WMEFHE#Miids (0 250
BT TRV o LATE K AR 1 A 5 I RO
M, 30 SkBiGwfh— N bEE, AEAAHEES 3
W A3 48 h JBUHE LT 1.5 mL B0, H
RN BT ST - 80 °CyKAS LA £ i I35 1
SEo R, FF3 IR EA 2 gL TR 48 h

Je s BOREIFRRE], WCEBEEEE L W, I (AN
Film ) i 4 ANER, T ARIASRR LR
il

1.3 BENE

M - 80 “CURFAHUBEEAS , ITA 1 mL AR P LR
K5 i AU S 2% (15 TissueLyser
I, TEEVLARAF) TEUK B TS, Rt
BT RERIREOHLN, ££4 °C, 3 000 r/min 2
> 10 min, HBWRAEMWHGE R FIEW, T2
Tt A o TR I R W B e e AR
BHEARRAR], kg% B0 45 T i D TR

1.4 5|¥i&it

HRAE Nr &8s e ik T Blast (BRI
K, BETMIEH MM R P450s FEEEN T
4, FrEVYESIWITE http:/bioinfo.ut.ee/primer3/H
Wit (£ 1) o FREAETAED TERS (L)
ARAF R SIFIImE 1,

&1 CYP450 EEEE PCR3|#
Table 1 The primers used for quantitative PCR (qPCR) of CYP450 genes

K 44 FR Gene name 3% (5'-3") Upstream (5'-3") TF (5'-3') Downstream (5'-3')
EF-la CTGTGCTTATTGTCGCTGCT TCGCTGTATGGTGGTTCAGT
RPI7 TTGAAGAGCGTAAGGGAACTG TATTGGTGATTGGAATGCGTTG
ApCYP4C101 AGGACAGATCGTGAGCAGAA ATCCGCCATTTGTCAACTGG
ApCYP4C103 GTGCTTTCGTGGAAACTTGC TGCCATTTCTGACCTGAGCT
ApCYP4CI105 AGTGCTACGCCTTTACCCAT AATGGTACGAAGGCAAAGCG
ApCYP4C106 ACATCGCTTTGCCTTCGTAC CCCAACAAGCCCCAACTTTT
ApCYP4C107 GCAGTCGGTCGGTGAATTTA GTGCTGAGCCAATGATAGGG
ApCYP4C109 AGTCCATTAGCCACCCATCG TGCAATCCGTATGAACACTGT
ApCYP4C1010 CCCCGAATGACCAGTACTGA TACCAACAAACTCGAGCCCT
ApCYP4C1011 CCAGCGTACCCTTTCATTGG TCCGGTTTGACAATGACGAC
ApCYP4Cl1014 TTTGGCGGGAGTGAAGAAAC GGTGTGTGGTTATTGGGCAT
ApCYP4C1015 AGAATGGCCATACACAACGC GTGGGCCCTTTAACTTGTCG
ApCYP4C1019 CTACAAGGACCGGAACAACTTATCT CCCATGATGGATTCTTGTAAAACCA
ApCYP4C1020 ATACATTCCATTCGGTGCGG ACGTCCGTGGTTCCATTTTG
ApCYP4C1021 TACTCGGGGACAATAGCGAC TGCTCAAGTACCACGGATGT
ApCYP4G1502 GCACCAATTGACAAATGGCG TGGTGCAATGTAGTCCCAGA
ApCYP4G1503 CCAGCATACCCGTTCATTGG CCTTCGCCCGTAACATGTTT
ApCYP4G1504 TGCCAAAAGGAACAACGTGT TGGATCCTATGCAACCCCTT
ApCYP6A1301 TCGGCGTTCAAGGAGGTTAT TTCCTGGACGTCTTGGTTCA
ApCYP6A41302 TGGGAAAAGCTAAACGTGCC GAGTAGATACCACGGTCGGG
ApCYP6A1303 TCAAGCCGATTCCGTTGTTC GCGGTTGGGGAAAGAAGAGA
ApCYP6A1306 GGAAAAGCTCAACGTGCCTT CGAACCATCAAATACGGCGT
ApCYP6A1304 ATCACAAGTTTGCCGGTCAC GGATTGGCCTTGAAGTCCAC
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£53% 1 (Table 1 continued)

FL N FK Gene name

¥ (5-3") Upstream (5'-3")

% (5'-3") Downstream (5'-3")

ApCYP6A41305 GCATTCACGTCGGGAAAACT GCGTTCAACTTGAGCCCAAA
ApCYP6A41308 CCTCCAGTGGTTGCTTTGTT TGGAAGATGAATGCCGCTTG
ApCYP6A41309 TTCACGGACCGCGGATTATA GTCATCGTCCAGGTTCTTGC
ApCYP6A41401 GCAACAGTTCTTCATGGGCA CAGCCAGGAAGAACACGAAC
ApCYP6A1403 GAAGAAATGCGCGACGAGA GGCAGAATTTCGAATTGGGC
ApCYP6A413012 GCTGCTGGATTTGAAACCGT AAGCAAAGGTCGGTGGATAC
ApCYP6KI101 AAACCGAACCCCTGTCAGAA TTTTGCCACAACATCTCGCA
ApCYP6K103 GCGTTCACATCGGGAAAACT TAACGCCAGTCCAAAAGCAC
ApCYP6K109 CAACGCGATACTGGTCAAGG CACTGCACTCGTTGATCTGG

1.5 RNA #E., R¥ERE qPCR

R JH Trizol VAHEHUHI 74 RNA, FIH] Prime
Script RT regent kit il & 17 [ %5k o DEEE
# PCR H#J% NovoStart® SYBR qPCR SuperMix
Plus WA & 47, UL EF-1a #1 RPI7 BN Z,
MEMRE 3N EE,

1.6 BEERSH

K 278 S HARSE N B A ek

( Livak and Schmittgen, 2001 ), JERZRiAE 2
St BRI SPSS 26.0 AT b, 25
BEMHBARZE 2 (One-way ANOVA ) Al
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P450 activity (U/mL)

P4507% 1 (U/mL )
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TR (gL)

Tannic acid concentration (g-L™")

SFEA ¢ K55 (Independent samples t-test ) HEAT
I3 (% P<0.05, ** P<0.01), f#i}f] Origin 2018
WA LK

2 GREHH

21 BEFRRARREATREERN P450s
EpTE R

B WF 3 WA BRI R T R S A
PN P450s BTG PEAR LI E 45 SR LI 1 (A), BEE
BT RRVR EE (T, 3 B SR Y P450s il
MR BTG S, H 3 M E B E ST
DL 1 K A B S AR R 0 e A X R A

300 - B

a

- b b b
2 N7/
£ 200 | / \
2
Z
=
2
S 100
<
=¥

0

0 0.5 10 20
HTRRREE (gL)

Tannic acid concentration (g-L™)

1 BEYRKRARRERTREER P450 B5EHE
Fig. 1 The activities of P450 enzyme in the Acyrthosiphon pisum after feeding on
different concentrations of tannic acid

A3 IR B4 WA, R A B R HE LR
M ERFFRERZEFEE (P<0.05, one-way ANOVA ),

A. 3rd instar nymphs; B. 4th instar nymphs. Data in the figure are mean+SE, and different
letters above bars indicate significant difference (P < 0.05, one-way ANOVA).
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(P<0.05), TEHTRRIREE R 2 gL' BAEI
W, N (256.5+4.39) UmL ™', S5XHE4 . 0.5
1 gL B A BT A Bl P A 4 22 5 i
(P<0.05), WiEWF 4 {7 WF A R E My
iR )5 1A PN P450s il 176 P8 A0l s 45 5L LI 10B ),
CEREM, BUE 2 gL HMTRRE, 4 BT
TR PYY P450s BTG PE K (260.3+1.88) UrmL ™',
= TR (P<0.05 ).

2.2 BMEMWFSLIPMEMEE P450s EE PCR
S HT

FIH qPCR EARDH o T EF 3 W
2 gL ' BATIR 48 h 5 HEL IR (5, 2 P450s HE
AP, 45REM, SxHEM LA 1
AN P450s JEH i 2% FilZE, Horp ApCYP4C1 014,
ApCYP4C1019 Fl ApCYP6A1401 %33 197 3.13 .
3.02 1 3.93 i, ApCYP4C105. ApCYP4C109.
ApCYP4C1011 . ApCYP4C1021. ApCYP6A41302 .

ApCYP6A1306 FI ApCYP6K103 ¥k 2 15/
T; 55rA
350 COcK
E 45 mATA .
440 !
23510 ® %
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° 30| o4 .
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C@ 0 f’g% %&&@&9
S uoooo AU » @@(}
¢ G*C ‘6 "60& ‘6@ C@O @
%lﬂ # R Gene name
B2 BEYRRETRILE

£ (P<0.05) (E2: A); A 10 MEKEET
WL, Ho apcyp4ciol T 15 %
ApCYP4C103 ., ApCYP4GI1503 . ApCYP4G1504\
ApCYP641301 . ApCYP6A1305 . ApCYPG6A1308
F1 ApCYP6A1309 739 F i 4.78 .2.22.5.01 .4.92 .
2.4, 6.54 f12.34 f% (P<0.05) (E 2: B),

2.3 BEFHETLAM RS P450s EHE qPCR 94T

X i M B PR R 48 h e H B A0 it (2
2 P450s HHF KRR FEH#FITH (K 3: A, B),
RN, SXTREMLL, A2 REREEE L
W, ApCYP4C1019 Fl ApCYP6A1308 43 L1
1.41 F1 1.53 fi5 (P<0.05); A 15 MEFEBET
¥, Hh 4pCyP4C1014 . ApCYP4CI015 |
ApCYP4G1502, ApCYP4G1504. ApCYP6AI1302.
ApCYP6413012. ApCYP6K101 F1 ApCYP6K103
IR 34.6. 28.5, 49.7, 25.6. 11.6. 12.66.
12.27., 1217 %, HAEHEBTREIL 10 50
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Fig. 2 The expression of cytochrome P450s gene in the head of Acyrthosiphon pisum after 48 h feeding on tannic acid

A. FEER; B, PR, CK: 0g L' 8TM; TA: 2gL "BTRR, EhEdny hEEbrEie,

HERESFERREBEES (* P<0.05,

A. Up-regulated genes; B. Down-regulated genes. CK: 0 g-L™ tannic acid; TA: 2 g-L~

** p<0.01,

MSLREA K% ). R

! tannic acid. Data in the

figure are mean+SE, and asterisks above bars indicate significant difference (* P<0.05, ** P<0.01,
independent samples #-test). The same below.

24 HmEWFIEHMEMEE P450s EE qPCR 947
NP AT I AT R 48 h J5 HUME SR AN (2,

& P450s SN FIEE AT 00T, G5REH, 5XF
FRAA LI 14 ANREREE LR (K 4. A), H
H ApCYP4C109 . ApCYP4C1011 . ApCYP4C1015 .
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ApCYP4G1503, ApCYP6A1302, ApCYP6A41303 .
ApCYP6A1308 . ApCYP6A1403 Fl ApCYP6A413012
I35 FIEFIA 7.63.5.64. 8.34,5.87.5.68. 8.14,
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Fig. 3 The expression of cytochrome P450s gene in the thorax of Acyrthosiphon pisum
after 48 h feeding on tannic acid

A, LIAFERA; B. TR, A. Up-regulated genes; B. Down-regulated genes.
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Fig. 4 The expression of cytochrome P450s gene in the abdomen of Acyrthosiphon pisum
after 48 h feeding on tannic acid

A. FJEEERA; B, AR, A. Up-regulated genes; B. Down-regulated genes.
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Fig.5 The expression of cytochrome P450s gene in the midgut of Acyrthosiphon pisum
after 48 h feeding on tannic acid

A. FIHZIEA; B, TFERE . A. Up-regulated genes; B. Down-regulated genes.

A), ApCYP4C1021 . ApCYP6A41302 . ApCYP6A1305
B350 I 2.90, 1.70, 2.03 % (P<0.05); Al
BF, A 9 AN W E N E 5:B),4pCYP4CI01
T 60 £, ApCYP4C103 . ApCYP4C1014 |
ApCYP4G1502 ) T HRIAEET NN 14.76
5.05. 3.06, HATIHIEFM T HFIAAEEAE 3
fELLF (P<0.05 ),

3 g

CYP450 [ e B BRI MR B rh K #545 &
TAER . BEREM, YR AEYRSE SRR
CYP450 REisMETE, FHL ST Spodoptera
frugiperda 53 A BCE T . AR KGR
CYP450 M &3 ( EARALSE, 2022 ),
SR )s, EEFAM Hyphantria cunea
CYP450 FGth & Fm (L ES, 2020 ),
BRI MRS L CYP450 il 1 [RIREAZ B4
%W\ﬁz%ﬁl"]#@a’%%ﬂﬁiimiﬁ% ( EHilpE,
2012) o ZEfDlHb, M RALFEE KA Bombyx
mori #H CYP450 EEGME 7+ ( Zhang et al.,
2012 ). o-Jifi B 75 5 5 48 B B 2R ik &)y H R
CYP450 fiff s LT+ (EFE4E, 2024 ), HLTHR .

BN R TR R 3 1 R B 7 o A DA Ny

Oedaleus asiaticus CYP450 WG HET g (&=
5, 2021), ARWFFREBL, AWE I HE S A
AR BT RG , VR P450s ilF G A AN ]
FEREEDY EFE, 20 CYP450 WAl k25 T Wi 4
Xt LT RR IR EE AR DFIE R B, B S A
RN TARENG , SRR ik v i A g 9 (A2 28
P450s JfE 0 E i (Sun et al., 2019) , {1k
PR A B BRSO gk v R A I (A 2 21
P450s BG4 1 ( Wang et al., 2015a; Lu et al.,
2019) , R IR FINR I AR B du AR A g
[ L,

s &3, CYP4 Fl CYP6 FJGEFEL e R h
ZEIR YR A AL S FVE 9 A S R
W4 Pagiophloeus tsushimanus CYP4 &R i) 3
I (EBEES, 2023 ), WH/NERE CYP6K]
BN R i SR A S Y0 & 2 E A
X (Huang et al., 2017 ), 7RI EE TeCYP403 .
TcCYP4Q5 . TeCYP4Q7 Fl TeCYP6BQ7 Wik sk
A T H S E AN IS B3 F1H ( Zhang
et al., 2021, 2022). HUE &AM N Tk
&, K3WF CYP6DA2 F CYP4CJT1 W5 7KV B3
Hafm (Pengetal., 2016 ), [EIEF, Hi i RAEH T
[ k4 L CYP6ZB2 FIZ Z 4L CYP6ABS
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5 CYP6B29 WMFRA W B EFRT (HaBE,
2023 ), 3 HUE & A o R FIAR A N TR
J& . B84 0L CYP6B7 B CYP6AE14 %5 /K -
111 ( Mao et al., 2007 ; Chandra et al., 2016 ),
Fr RO FER SR L B CYP64B60 F
CYP6ABI4 %5 Z Ml (0,28 P450s R A sk K
ThE (ERESE, 2012; Wang et al., 2015b) o
ARG REW, RTRAOME, 2F
ApCYP4C1014 . ApCYP4C1019 F1 ApCYP6A1401
TEN ZAFE K 1 ik TR O S 0 2 M,
AT B PR T Sk B o ey ) D AT AR i A K]
PG Sk B R . SRS S SRR,
B o 7 AT R AL B S , RN CYP4CTT
CYP6CY19 . CYP6CY22 Fl CYP6DAI %5214y
B3R P450 EEH R IAHES (Lietal., 2017,
2019; Maetal., 2019),
NEZIFFEERY, B CYP4 Fil CYP6 FK ik
PRI i RN 105 4 v A2 B IR A 5 5 46
HURE 25 RN 7 i 25 Ak B S5 BORMESCR IR i F IR 5
& CYP6AB60. CYP6ABI4. CYP6B48 '35 /KF-
B E T (Wang et al., 2015b; Sun et al.; 2019 ),
Z F R A W) T34 RT s S R S0 Mk B T AR
CYP4M14 FI CYP4S9 JEH Lk ( FHie 5,
2012 ), AR5 AL, ApCYP4C1020 . ApCYP4C1021
Fl ApCYP6A1303 55224~ FE DK 1 5% S K A8 i R
W B, RUBVIATTRES S T B X sy
PR [RIE, APPSR, BT R
ORI B Helicoverpa assulta "1 /i CYP6B6 1)
FikETHE (Xiong e al., 2025), EMFEE AL
PR SERIER T CYP6BS0 #(i5S (Lu
etal., 2019) . Hit Bz AL PR S OB Bk 4 HL
Wt CYP6B48 5% 5k /K F-Thim ( Wang et al.,
20152 ), DRk . I A B ARG il A T
CYP6HX3 JHEPRTERARIA 4 b i 4H 21 i
Fik (EBIES, 2023; Lietal., 2025), 1E o-
ME T, CYP6AE221 1F Lh4% B e 2Kk iz 16
maeik (F1ZESE, 2024 ), ARWFREERER, B
THRALFRS, ApCYP4C1021. ApCYP6A41302
ApCYP6A41305 TEHiE Wbl it kik, £V
it ] 625 T B G0 PR IR BRI

4 Zig

AW REN , BiE RN CYP450 s
HI CYP4 FI CYP6 FEJ5 A~ F [ ) i ik 1) 57 31| 1.
TGS, JUHAE B 5 1 b s AR G AR
T W8 CYP4 Fll CYP6 FiHE N 78 6 5 0 AR i
TR P R YR AR VR o R SR T R O
CYP4 Fl CYP6 G M AT RNA T4, LI
B LA 0 5 B T R T I TR
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