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Progressin research on tick proteomics
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Abstract Ticks are obligate blood-sucking parasitic arthropods that are important vectors of infectious viruses and other
pathogens. Research on ticks began relatively late, and background information on their genomes, transcriptomes, and
proteomes remains unclear. Research on the physiological regulation of ticks, the transmission routes of tick-borne pathogens,
the pathogenic mechanisms of tick-borne diseases, transmission rules, prevention and control strategies, have not been
systematically studied in-depth. With the innovation of genome sequencing and mass spectroscopy-based proteomics, tick gene
and protein detection have become faster and easier, allowing the application of a variety of molecular techniques to
tick-related studies. This paper reviews progress in the application of proteomics to tick research over the past decade,
describes the current status and level of research on tick-related proteins, and presents our thoughts on the comprehensive
prevention and control of ticks and the prevention and treatment of tick-borne diseases.
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TR HIX 2 42 3 B i T I 1 T A DX A
434 (Frenot et al., 2001 ), W)fE FIER 1z,
20 BT A LR 3 s v S A T
JZEI 1) R T 18 B e 3 1 AT PR A2 9 125 ol
()13 T R T IR B 670 . LA, WRIREE R 1
T L2 TR B R B oA S B Al T R
B ( Bowman and Nuttall, 2008 ), T4F3Fk [E 4%
VR E N 9 B ) S A T e B A T AR R Y, AR
PRI A 4 R B 4 T B D B S, ELHE I [
A HELU i ( EREAE, 2019 ),

it o e 3 e e DR e B R R AR 1 B 4 2 A
APy R T RN H £ A, R )R B 1 B 2
AR R NG TR i 152 W5 S 45 o A PR Ak o R R AR P R
BT AR 9 AR AL 1 A, X A KRR
WAL R0 AR 1) 2T HIL R A ) T HE S VEH . 124
Ry 1 AR 1 BT A 2 R T R MR Y F 5 e
A, WEEHKA T IE BTE GenBank AU
A 7 RO 1) 4 3L AL e 41, R 2T 2 A
20 B 5 sk 21 7 9 ERE R A T B 2R ) B LA A
T —E WAME I JUAETE 2R 1 BT 2 HOR DA
M v 3 e A St 2H D R B SRR R T X
REMBEREBEMEAR T, BEdfh®
AR AR, SRREA G s s, 1 321
- RAAA EAE SR s, W L
7 A0 B v 2k A rh AR AR AR AR D TR Y — R A
5% (Ren et al., 2019; Wang et al., 2020a;
Martins et al., 2021 ), JR} mR T fil BRGEpE
I 1 BRI TE T 4R

1 EARAFETEMHARER
11 EAARMHFRS

FH H B4 ( Proteome ) B9 & Fc 0] FH Wilkins
A1 Williams 7€ 1994 4E#2 4, Jf- i Wasinger 5534
Wi5¢3% (Pandey and Mann, 2000 ), J&Pl4#%E
HBUBFR S, KRB, Sl a . KRGS
A | 2H 2L A YR i A T 2 R S AR A R A
B — 1 T 2428 R), R R B ) 3Rk K2
b, AR SEABRMAHEAEN . st i+
M TREST BT | 2R 11 BT ) BE JS 181 5% ( Mavromati
etal., 2014), " ZWH THIRSTT . 249t

AWy R OB 5 DA B £ i B o A A A (TR
4, 2014 ), R BT S F LM RS D
XL 1) 458 JE2 FEL K A A0 1) B 1 B 2L i 4 S R
FE TG AR A R A I R, DA
Ko 2 T A 2R AT A R I AR W E B A B
Wt s (R, 2014 ),

AR S S O P ACE A, BERT L
YA WA LSRG EAR, R
Bottom Up Fl Top Down Pi#J7{ ( Schaffer
etal., 2020 ), T B%ME B ¥ E #HEOR
AR, FEALER T A I S5 T RRE A
EPRCH AR SILAC ( Stable isotope labeling with
amino acids in cell cultures ), [ RAricAHXT I
76 %) € /1) iTRAQ ( Isobaric tags for relative
absolute quantitation ) £ R 8 TMT ( Tandem mass
tags ) iR, LI R TETEFRICHT Label-free £ AR (52
1 ), Label-free X 53 A%t i B R4+ R DDA

( Data-dependent acquisition ) FIIELHE ALK H# Y R
L H R DIA ( Data-independent acquisition ) I,
SWATH ( Sequential windowed acquisition of all
theoretical fragment ions ) ( Zecha et al., 2019;
Pino et al., 2020; Chen et al., 2021 ), FRULL
Gh, ZRbURRI S SRR, S 300
22 TR B 1 A 1 o FPR s I W 170 2 R

12 EEEHAF

1.21 iTRAQ/TMT iTRAQ Fll TMT AR 45
A1 22 E AB Sciex A A Al Thermo AR W%k, 242
SE AR 2 IRPRICE HOR , B AR B
P BT 27 v T B e i e R 2 — ,
2R RS Rl 28 10 A i s 22 B rhofft 2
PRI EE LA B H Z 0 N K. Anididn 240
FEHLAEFE A ( Reporter group ). -2 4] ( Balance
group ) FIRKSZ 3] ( Peptide reactive group ).
ANFEFEATRC IR TE— 37 PS4 E | i
{55 BERi T A7 25 ( Higher-energycollision dissociation,
HCD ) ST Z I3, If 2l —gus K h
i S B M5 S 0m B S 2 K DL R B R
ITRAQ HARIRIEMRTR, MRS, AR
Xof 22 4 52 25 TR G A i o I 2 R A TORG 1 45 0 R
SERIMT (EMEFSE, 20105 FHEEE, 2011;
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Tablel Comparison of advantages and disadvantages of common high-throughput
quantitative proteomics technologies
HORZEA Mo N
Type of technology Advantage Disadvantage
R R 45 i, T RIS 2220 8 AR Ak
i TP B A TR A 4 AE AT,
iTRAQ (Isobarlc tags ngﬁgﬁﬁgﬁﬁﬁ ( Wang et al., 2020b )4 AT | W R A
for relative absolute Hich  detect ffi . . .
o 18 clection — ethiciency,  precise o experimental cost, limited
quantitation) & TMT identification and quantitative analysis of sample quantity
(Tandem mass tags) proteins in complex mixed samples
simultaneous, and high proteome coverage
RiRiCE = WAbRIC CEHESRRE R B IR ), Frid
Stable isotope MR, REEMRES, FRREe
labeling Ji Rl b BREAR S gk 22 (WK =
SILAC (Stable isotope . ‘2015) ) HRERF ST A ML, % 8 A A3l fE il
labeling with amino In vivo labeling (closer to the real state of 1%
acids in cell cultures) the sample), high labeling efficiency, high Only can research cells
sensitivity and stability, and the sample is
processed at the same time after mixing to
reduce the experimental error ( # AR =
F, 2015)
TR € 1% T M R, AN RE
AKX LG A s 2 Bt B BR R AL
WEFEAE B, EE WERTER o .
DDA (Data-dependent (Defossez et al., 20_21 ) ) ) Liquid chromatography requires
acquisition) The flux of samp!e 1.dent1.ﬁcat1‘0n gnd Fhe high reproducibility, have missing
accuracy of protein identification is high y,]yes casily in the comparative
( Defossez et al., 2021 ) analysis of different sample, the
number of samples identified is
low and the reproducibility is low
KERAmER, ERREENES, ¥
Aebricie it SE B BER MR, BB, Rk
Label-free

DIA (Data-independent
acquisition) & SWATH
(Sequential windowed
acquisition of all
theoretical fragment
ions)

{E/> (Casavantetal., 2023 )

The flux of sample identification is high,
the amount of protein identification is large,
the accuracy of protein identification and the
reproducibility is high, and high missing
value is less ( Casavant et al., 2023 )

AR B A B it b LT BT T A T
59F . TR RUEAE HE RS

Quantitative determination of almost all
detectable molecules in complex samples, high
reproducibility and stability

TR €15 F 2K
Liquid chromatography
high reproducibility

requires

Maet al., 2022 ),

1.2.2 SILAC SILAC & AR 40K
TR N FRICE AR, BRI B SOIRA,
PRICBCRE S RO RS HA AR & AE [F] B Ak
M, Wb T ERZE CRRMA ST, 2015),
FEAE AN RE FRIE A I AR | Pl AR E R

RIRICH A PR ARG 2R, W A i, ok
B R E Al B AS R AR e TRl R b,
G FRIRA A EA , M5 217 Big 55
Br, 3 e — ik B R AS o 8 5 i [ A7
FRIETH RS TAN

1.2.3 Label-free Label-free &&—F AHKAH T
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[ A IC AR R IC 8 BT R, JeRe 1l
FH & 53 9 RRUE R R RN A, R 4B K
RS B SR T 7 AR B i B, LA R A
an PAR R AR B A5 50R B (REES TR ), M
X5 JOR B A K o I 1) 28 11 B aE 4 A X
Label-free i ARSCHG R IGMESE, BAREARRER
Bl (Liang et al., 2021; ARUEESE, 2021),
Label-free X3 A BRI REH R DDA
BE AR R AL R DIA PP R k.
124 DDA DDA #F &tk (Shot-gun) i
TS IR B, TR R — MR R TP LS R A5 5
AT AR B B A TR 2, 198 9,
T — 5K A R s AR N — AR KB, i i A
Br g A T KB E EFE /04T, DDA 1Y
Bl AN R BRI, Tovk A A A R Y
5%, REGREA —E ML, R KERE
mn RGENE . AT MR T A MERE (Yeom et al.,
2015 ),

1.25 DIA/SWATH DIA Fl SWATH £ A&43 41
2 E Thermo /A F] Fll AB Sciex AR WF 4, PFH
D70 TAERERAIR] . DIA 5 DDA (11X 51 %
TE TRk A 7 XAEl. DL DIA A, DIA
Fo AR L Rl R 2 — 5 m/z Y [N BT 2K,
S i 25 HAV i 2 M AR A A i b L B 2 Bk
1) Gk EIE S, 4R e B A Y S g
MZCE (Zhang etal., 2020a), B FEEAEAK
AR, H2 0 B2 AR PE A E 1,
It H e [F] B 5 B KA A BA S 9 28 11 o 4
5041 (Casavant et al., 2023 ),

126 FEEARMEEEEN HEORMBES
BT 8 SR A AE Y T e B S R L,
W A R . Stk . 2 RSB T
EARMIIRE AN, —FEA AT 2T
RE, MHUAR AT . 5. WA i FE e it
PRI, AR RE AR SRS ( Hawkins et al.,
2019 ), Bl 2R 11 T HT AL BEE AR B AS KT & e
SYHE . RO BT R B, AR 2 B B AT
REAS 2358 e i S M it CBRHESE, 2015),
5 26 1 I 0 B PR I 0B i i B 4R i X % AR s A
M RRB A TR 4, PR B T 48, X sixT
e A —E 20K, MM/ NE A TS AR,

A 5T s i 4 A B REREOR o Bl — B f
S AR HEA: | AR 2R ) 22 IR RERS SC )
SERMETE , SCRF T WS A RN I 18 1 2 = A
KBTI, i A RS S A7 L

2 BEARAFHEREEEFRBH
Rz A

21 BHRAFFHAREEEERBHRBAMA

ey 308 e PRT 0 P A AR 1 R A e R K]
DR B m L e B AT T R AR
Fh ) SE R ALE B S5 8., SR, BR—AEXT
e 1 5L R AL AR B 0T A R 58 2 il B — A LE Wk
dnar s AR BRALRE o F% s A B ARTER: — Dy T m)
S WL DAL By e SR O, AH G IE SEBLAE W D g i) 32
BOA SRR T o X S8 88 1 B AE 2R W IR N A R
0572 W a o) PG S N D e ot A D)
FEIR P X T A A BT R A Y T SRR 1
o SR 1 S0 B3 45 T B A A H i Y R

CikEMSE, 2014 ),

AR, 9 AR DR ZH 000 P 1) AR 44 5 UK
KU Bl 13X — R B4 27 1 AH C A5
A e R TR A T RN AT RSB,
Xof HE AL A OmME im o E 2022 4F 12 A
GenBank ( https://ncbi.nlm.nih.gov/protein ) [
AT 366 464 ZRMSE TN E BT, T
A0F5 1121 F# Sk 1% Rhipicephal us sanguineus. f#/s
13k R microplus. #5 ke k1 R pulchellus,
JE 2 1 1xodes scapularis, B T-HE1 1. ricinus,
SV |, persulcatus, 1< 1L #% Haemaphysalis
longicornis, MV PHESHR 8 Hyalomma asiaticum #l
AR Dermacentor silvarum FOIN 455, L)
s S D] 2 Bl Stk — 2D T R R AR A
SR ZEE T . RS THERAT . A&
B LA R A 90 IR B 5 AR DG 2R 1 A9 A 31T
IR (B 1), RIAENT T QR M
fE H 59 & R A2 W3 TR G ) —
BECHEER PR ((Villar etal., 2017 ), ki K wpgst
PRI LR A BIIR TR AL T LA | I Wi
HIEYT LA S 2 sl v ) T & BEE T ARt (] 4
K, 2004 ),
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1994 1“ESI MS-MS 2000 SILAC; 2001

1999 Shot-gun

------- [ L L] Pl ] Pt ] = v

protein identification MudPIT; 2002 DIA 2012 SWATH I 2021 18-plex TMTpro
2004 iTRAQ/TMT

| 2019 16-plex TMTprol

Villar et al., 2015

Rodriguez-Hernandez et al., 2012; Schwarz et al.,
2014; Villar et al., 2014; Richards et al., 2015;

Wang et al., 2020b; Zhang et al., 2020a;

A=y 2 2021; Villar et al., 2021; R
484, 2021; Bensaoud ef al., 2022;

Liu et al., 2022; Pérez-Sanchez et al., 2022;
Ruiz-May et al., 2022; Yuan et al., 2022;
Razaetal., 2023

| Ren et al., 2019; Wang et al., 2019 |

Bl EFTRENEARAFEBPIHNERHE
Fig.1 The development of proteomics based on mass spectrometry in tick studies

3R 3 R AFORG U ) 40 B 2 1 B A A, AR
TELLTF J7 DO WSS A BT A5 WA J A
ARSI [ b T AR A RS, e A A7 e
F T I ARAR i 5, 22 AR
R W I 5 Y8 4 I 8 A 3 O AR R 58 1 k7 B
S AR 5 A T S e G e s e R AR
FIRR RN S BB R AR 2L
R LA S A0 25 0 4 T st e 36 ok 4 1 o
R S8 N PN A o
Villar 45 (2014 ) >R ]2t 22 5 BE I i Uk
( Differential gel electrophoresis, DIGE ) 45& i
T AT T SEN 4E 88 Amblyomma americanum
A WU L 4 38 1 T 0 25 S0k, 5 ) B
B E . PIRFORN . R EE L i A
FRITIL£T 2 il 35 AH 5C 1% 28 1 BT 783X A I S5 357 1
P25, R AN A  B Bl 1 B R Gk
R R BEA T,
WRAEW It AR, YRR Y AR R B B R
T, R A A S TR BR . AR S = R
Bradford %K [45E #7AFl SDS-PAGE HLVK 714 Hf
5% A IUMERALRRT 5 | i | S8 ICRIARL I R s e A R
e R 1 BT Y ZRR K- YA TR] LR M M ) e
PREF SRR, CRAmRRER S ERS
( EZ5%,2015 ), Mtk — DRk i & & BB
22 AR R T SRS FNAIL R, A S & is T
iTRAQ 11yl 5 1 2 1 B4l “7 5 s se 0t
Br 7K A i WV A A L 1 8 1 B R A, B
INT o UE RN EELEE . IKShE . 3 &
H L AT IR U R TR R 5 I S5 T By

Bk B, MMAERTT 5 =R T K Rl
RIRFIRZE A B - EAE R A SR B b B
TR T WM, ZBIIESE 2 Fh ik 8 1 BNORSh 2 1
Nz 78 A TE M AR R B b KA &
FVER (Renetal., 2019 ),

W3 A F14) MR o8, 4 A AN [ WA It By B A S A
] o R RAN [P 0 g e, Wl YR8 o A AR R 22
S, IXARATBE S TATTA M s s A DG o e RG22
W2 £ B 22 (18] 1LY o8 B A 8 1) 58 A RS, ASE
WE IS5 . Pérez 55 (2022) SR 4Ly
HRZES SWATH & 1t 25 11 BT 2= R AR 53031 3 A
T A i 8 Or nithodoros erraticus M H
R A A MES, AR 97 NEATTE
e R ) MY TP A AR 25 AR AR, 40 3R /4
AR A DS S I | 2R A A DGR
1 A e Y e i v AR R A I D A e
WY1 R B 22 1 A IR, 3K LA 5 45 SR T U 42k e
TR A I B TR A, T & A DG I 1 55
JrEAEEE L,

R R BA TN ZYVEREE T i Bsh P, A
HEEI R A A —AF DL F, — B BT
0 AR 25 PR HIRCPR 5 i &2 5 - 28 B 38 1 2 5 |,
VL A B S R M E & H — B TR
PR, XM R S THFERR R o SR REZEA
RS T RR K A A, Ui B o+l RE
LA HAh A S5 AN AT HABL A e 508 o BF 9 2K i
VA 3 FALH A VLT BOX R e T, X T B
TR P e B PR 5 ) A7 AR LA LR T
[i) B AF 5 X A AL ] BE X AN 2S48 B A . B UE K
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73 S — R\ T EARRE 2 UL S F R B A
RIS A Hr YUY i 2% 551 D. marginatus
Bl SR ZH N e B AR P 3 S AR L g A it LA B itk
KA AP A A ) mRNA AKSFEFER BI0L
BORAS T LA, TR B G A Py~ e 2 iR Ik
fitg . KA TR N KT |« 4 a8 JK it R 22 2 I K T 1)
e AT W BT KA R A,
UL E YRR AEAF I I KAERE (Hu et al,,
2020 )o A FE—ARFEVUHCIRAS T B8 2R Y
e, A6 A DIA B H R AR,
R T RIHYUERIR S S A i i s . s .
OIS AN A h AR R A, it 2R
BRI ERT S RIAT T 4307, Felds A 2R
A AR A B ATP A R SEAE LR
OHfE A e YR AR R 5 LA TR 3R 38 M, ATP 45 Bl RN 3%
AT Mot St A D SN QA rh R0k B, i O v
E 1 OMEREERE 2 WAEIE R g bR
W, AT REX TR B 2 Uk A B
X (Wangetal., 2022 ),

W ELAT A SR Y BT RE T, MRS A K o Il
JEUNERIF IR R T, sCHCSS o5 BY SRR P Ak &
BRI TEAN AT L W53 X0 T IR B it 5% 32
TR TR B B R R A A T o Sl A AR
A AL T AR 58 A R G Bt i vh i PR e
WA B BRI 9 L A O R 1 LA
VEREMEM, 28 & R R BEAH R Iin T IR 208
BN E R, B AT RALE FR (Raikhel
and Dhadialla, 1992; Seixas etal., 2003 ), &1~
B EE A Y &R | 2 R 3 5 B S A AR 1 ol
Bise s, ik — SRR E L T B2 E N
JT T AR, ARSI &SR] DIA R
P 21 24 RIS T AR A I R Bk
TR M A R R DL R AR L B S
B shAS A8 40, A INEP & I 7E B 5% 7 I
AW R, Bl UV AR R F B2, DN
T2 8 B R R A AT TR, (B OP S
+- R A R B 1 I RN 2 R R 1 e A — L
B & AR TS, H RS RIE
FETE , SXAR AT RS2 Ay 30 422 B 7 Bl i 7 1 o) A v B
B [ ) R A T A A%, A DA 3 5 v 4t L 1Y)

SR ALRE AN E LR . BLAh, X225k
KRR AL TR A EF T KEGG ki, & Fiws
BRI EH TES Y5 mTOR {5 5@ . PI3K-AKT
55l B Hippo {5 538 [, 2 1 981 4 %) 2=
KoBE., AU HIRTE R (Wang et al.,
2020a ), “RH TMT & &8 4 A H AR 3B i
TE B3 Sk WL (%) O B 2R 1 5 AL A A $UR S R
HSP70 #3218 7K V- 7] G837 31| e i i 2 11 RH36 %
RIS FRIRE R, 24T Bk RH36 JE R B} % 1 HSP70
IR PE W E M. A RNAL J7iE @ik RH36
5% HSP70 /) mRNA J5, UPEJREARA R R
EREAL, R AT e Y £ E, A
HSP70 & A 8 45 WL 51 B 20 B 2 &5 A AL 1 DA 2%
RH36 5 HSP70 [u] 440 B 4E H ¢ & A5 4
(Villar et al., 2010; Wang et al., 2020c ).

DA 38 1 5T 2 2 R AR A A 3 T A9 0
SEE 1WA AR T ZH R P T AR R T M L B
HAESNE KB LR E AR IRELE, F
B TR RE A MERHE R E A AR
FHOCHIFFTEAE | A WS R RO 1) B s B3t 1
B A, XTI ZE A B 1R BAT TR 3 S

22 BERAFEREFRBAEZEETPH
K

SR o A R i IR T e B ) S D
i, Al . PR . ke . BREE
L2 HEM) SRR I A AL 7 25 oAb 75 3 (Parola
and Raoult, 2001; Sojkaetal., 2013 ), HJHfa
T2 I DR BB e T A o e ) o g i
LR B 50 BREE AR P R 48, AR S T —
AME 3, B SR AR ) I L 2 i ks S AR R
AR N HL (R B, 2021 ), R
58 ¢ FEL VK 45 5 VRORRL €8 155 ER IR B ) 0 2 I
5 HIS L R %) 9k LB I o, S 13 A
BPEAOCE N, WRRFHRAEN . SHEREN
22 23 R B8 B 500 45 sd kAR R By orik:
3BT I 0 e 9424 5 1A 2 A% B #E A ( Yuan
et al., 2022). XJ#3% Il #% Haemaphysalis flava
SR I bk O A A R A e A, KB 169 MR
F, FE ARG BEHT . FieEn . o
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FEMRE A . NIAEAMPBR T E A%, W
iTRAQ Hikib T | W n, MLk Bp#Ea H
LM FEE R (Livet al., 2022),

Rodriguez-Hernandez 55 ( 2012 ) iz F X Ja] H,
VKHI LC-MS/MS MZ56 B8 BT 27 )5 53 i
BN Sk v fizp A4 i 55 B DL T PRI B R Y
BT, R I A AR 75 B 2 e PRl T
HFH (VDAC) mlHES5E N A E AR,
T B DL 307 AR 28 e R v R G A T . R
LC-MS/MS K [ BT 41 2% 5 I i 53 4 5 1 A
S A FERTBe b in 8 A B 284k, &8 123 FhiE
F, o 24 A SRR, 41 HSP9O .
VR T 2 3 i R S Ay T ot S il 4 B 11 83k Bl
I 2% A B P BRI H I AR i . D-22 EL I KA
TR M RN T 2 R RIA T, R XL
FEAMRTEES S T & PHEL, W& A e K
AP m AR (s, 2021), %
5 S i 56 W1 T P00 A 1 228 A B T A S5 A1
5998

WA PN B A R SR, WS 23 TR O A
FIBET, X F B P 4 3 -0 B AR i A B
HLEl. FIH NMR Fl LC-MS/MS lF5¢ 8 5 i it
ISE6 £ ifd JEk Jju 1 7 Wik 440 it TG T A4 5 ) B A o 7
AU S M B EEAR R, R 284 MR
H7E MR FT S e 22 5%, Hoh HSP70 Hi
HSPO0 %52 [ 1E 1R YL i 1 WA it vh ek i 1
O b T3 it 038 T2 s st =X AT TR R PR DB 45 AR T 1Y)
FeaR iU, SR A 1 5 e Py T I 2 1
JO 0 T LA RIS s 200 ) s I AR SRR | FHEBERAIG
L 200 2 R AR K T AR o 3 i 1 SR B
77, FERACHACT B AT T A T, i
TR 5 SR A JRR e o X BB B S 4 T - T A
L AR HEI , 4R T - SR AR ELAE
A A LA A5 LS ( Villar et al., 2015 ),

T FEAE X WET IE B 3 1 B e RN, AR
SBGE R DIA 8 & 8 BT 22 B 1
FLEh Wy K BRACHT R A I T g ask A% v 1 2 e
REVIFEAILE], & IR S0 | 5 sl o 531 T s
T 1) G B TR A1 40 R — B G 28 M G B 1 I Rk
SRR (L BHIR S 181 & A= 28 4k, DC-SIGN Al g

FEREIT W S S A rh 2 5 T L P A sl 7
FHF b i B K ik b g 7T w51 /9 S ) R
FEARBLE - IL-4R 35 BT B BERR 1L /K 7T i i
IS 5 T 90T g 1 32 G e Y 4 A B
( Zhang et al., 2020b); FEPIENT IS T
Jik Hh — 2228 1 B A2 R AR B R K P K A AR Ak
( Wang et al., 2020d ), &% 4 4 AR 4%
4 DIA & &8 A 2HHOR A R S5 T IR
I 1A B - RS R R B 1 B 4 DL AN TR A e T
W J B SR8 SN, A B IDE S R 40 ok 79 7 S e pi 2
(G N A R B HE T BOCEEMER, Ho
PR B8 BE T M T 02 S5 7= A AN T) ) S8 S N
K BB RE S B 2, SR s i R A
A 22 S DL SO AR TR B A RS [R] i
I A% ( Bensaoud et al., 2022 ),

DA _E AR T 20 2 B R B o 28 R Ho s
FARPEVTT - FAHLER, A B TP s 2o 4 1
ST I Bl DR AARA% 45 1) AH S 2R 1 SR VR FE LA
] B A 486 R 43 AT, AR (AT LA
KPPt R AR T B ARSIk B,
2014 ),

23 BERAFEWEFEFHEA

HTT, WA 3B T 122 28 HUR), o
AR WER . AR PR RS, RBAIN
KA sl e K & DL RN SR, Hoxs
WG, AR E R R KM, &
F— e =R R 25 PE . R TMT &5 SPS A4
B 1 B 11 T4 2 T vk 6 A TR 2R U I TN
Sk RIS 245 /)N T Sk WALARR R 1) v i R 1 o A
177 RS, e BT FP 24 T 2R U ) L 5 1M
TH AL FIHTERE 1 AH G Ay 2 BT H B0 T 2R3k, T
2 — e 2 5 i R D) e Y AR 1 S AN A1 i L R
P450. AMH K-S % Hl . ABC iz %5 &
et B AR SR, 2 B s i 24 WA A o i 1) i X
BB T o ZAITE Ry AR A MRS 24 [ R 2 T
VETE T SR 5T L (Ruiz-May et al.,
2022 ),

PO B T A R i BT B
78 ERIRPLR m1E RS S WA NRA HA
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JE A AE AR ) S AH AL PP B, T A = A KA
NPT, ] A F e W T L 5 AR R B Y
H o X TR AR HI o, 4 il il 191 B L
Mf&HG EAA %% X ( De La Fuente and Contreras,
2015 ). R ALIFHE I R A >k A U B
i BM86 & PR I E LI TickGARD™
1 Gavac™ % ( BA740%, 2021),

Bt JE TN AL | SRl DL R R 241
PERT BT TR B4 , B8 2 AP I 1 e 1 11
W% ( De La Fuente and Merino, 2013 ), ZASZL56
FA R T ITRAQ & & 5 R4y ik 5T il
LA A i W RS 2 B FOF1 780 ATP & R
NADH-Z it S8 LR i . At C. AIF 5&
M2 5 R R LI FE , RNAT R IR S 2 1
1) mRNA J5, MEWMURNGEIE R Mn, HaidF e
HE, HEAF (Wangetal., 2019), K, X
ST 5 ]V A B A DR T g T . g
2D-DIGE fll LC-MS/MS 5E &85 [ JFi4H 24 7 800
BT & DAL MG AURN Jl R 1) 4 2 1 R L, & B
MR AT 2R R, A R AT 24
MNEAFAERAFEEZER, B 2 5%
9 NEAN, s T A WO i
b o 2T 2 7 LSS R g AR B AR AR 22 R
(Villar etal., 2014 ), X SEHUEE (AR XFIg Y
KB BB B R AL TR AR

SR R A B A 2F B R E i 0 5 I 18U
— SRR R AR B, (H48 K R X 2
PO & A 2 T FEARAR A SE BRI ( Villar
etal., 2017),

3 BREERE

T RANAN, BRUESEE R A D, N
WG SOANTE W, S B AR 1 o 2H A )
RHAAEN G, £ —E FEEE L RG] T A
FRALRE . WA S A% B AR AN O AL A 5
TAEMITE (Villaretal., 2017 ), B i EE
FA 5 2H 5 R 1) B DA BB AR A s A AL
il o SRR Y DL R BRI 5 G v H
TR T PR AR A SRR, A WS R L
PRI 1Y) o A B AT L B AR SCERIR TR AR R R

A S BARAE WREBIETET7 T B, & 7R HE RS
U RO B BEAR LA AR R B &
iz o A BEE BT B (U RE A AN W vy
WRRY S AR AL A s, e
FHURGE RN E FIBETT, BT B 0 2 8 5
LERA AT 2 7 TR B S 25 R, O SR I T vy
R K B 0 SR 24 ) L B B e B 3 T 4%
P, A BT PR R PE S A WL TR
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