% 4 4442 F 48 Chinese Journal of Wildlife 2025,46(2):281 —290

% & 54 5 8.

Chinese Journal of Wildlife

% 4 30 90 F 8.

http: //ysdw. nefu. edu. cn

= 5 B0 FR A W AR ) B B AL #5

S[:uprin @IS

FeOgEe, WIDCRN, T gL, BB, gk

(1. FHEAFEHHABZ-"TIREAASSERAKVERELALLE, WT, 810016;
2. HFAFAATFE IA¥K, BT, 810016)
TR w o=

&l Dﬁﬁ 2024 -10-12

R AR B
PR AR O SE P RO Tl 1A 5
IR AL
BEHRIK
AR
Keywords: Plateau zokor (Eosplax bai-
leyi) ;
Carnitine palmitoyl transfer-
ase 1A;
Gene evolution;
Gene expression ;
Hypoxia environment
FESES: Q955
XERFRERD: A
NERS:
2310-1490(2025)-02-0281-10
DOI:10.12375/ysdwxb.20250205

RN T 5 R B (Eosplax baileyi ) =5 )35 o 14 (9 A= 424 3 milt b FHAE 915 18
2RI AN 53 AT v D 0 B PA) Bl Ar ) 15 B % #4198 1A (carnitine palmitoyl transferase 1A,
CPT-1A) B [H 1 5 1 [ P54 R ) 0k A 2, ) qRT-PCR J5 1200 2 AN [R5
(3700 m 12 700 m) 5 SRy BT IE LB 48 LA 107 ZH 4 CPT-1A 3 9 1 ik K
o SRR m R R CPT-1A 3 5 H & B (Nannospalax galili) W) [R) J5 4 B 5 5 5
JEUR B L R LR LR L (Heterocephalus glaber) 3 Tt Bl CPT-1A 7748 W B 44 4 ]
BEAAL s B M ER I T o DR SRS PR AR I 481 b CPT-1A JE PR A 7K 1 % T+
1 AR ZUZ (B B & B0, PR 8Urh CPT-1A SRR ik it m o DA R85 R4R
fe R B CPT-1A B RAE AL 72 iR B T e 2 1438 P 2728 AR A 378 e Dy BRUN
Ui 2 CPT-1A FEPR 23K , 5 T BB -5 e it iy Bl adk 17 s T €08 R4 o — 4l Al
VR AR A AR DG R v R RS IO T T A SR Y A LR

Evolution and Expression of Carnitine
Palmitoyl Transferase Gene in Plateau Zokor

DU Bo'?, HU Qingfei'*, MA Fan'*, WEI Dengbang', AN Zhifang'"

(1. State Key Laboratory of Plateau Ecology and Agriculture,
Qinghai University, Xining, 810016, China;
2. College of Ecological Environment Engineering, Qinghai University,
Xining, 810016, China)

BEE&WB: Fil4 N5 H (2024-2)-713)
F—EFEE N A (2000—) , Lo ARG A EEME WA S5 . E-mail : DuBB084@163. com
FEEEE: LETT, E-mail : anzhifang90@126. com



282

i ER ) B/ B S 546 %:

Abstract: In order to further explore the biological basis of the plateau zokor ( Eospalax baileyi)in the plateau environment,
the homologies and convergent sites of carnitine palmitoyl transferase 1A (CPT-1A) were analyzed by bioinformatics soft-
ware, the expression levels of CPT-1A in the liver, skeletal muscle, and fat tissues of plateau zokors were determined with
real-time PCR under different altitudes (3 700 m and 2 700 m). The results showed that the nucleotide and amino acid se-
quences of CPT-1A had the highest homologies with the Nannospalax galili; CPT-1A of plateau zokor, N. galiliand Hetero-
cephalus glaber occurred convergent sites; compared to low altitudes (2 700 m), the expression level of the CPT-1A in the
back fat tissue of the plateau zokor was significantly higher at high altitudes (3 700 m); compared to the different tissues,
the expression level of CPT-1A was highest in liver tissues. The above results suggested that, the CPT-1A of the plateau
zokor has formed specific adaptive mutations over the long-term of evolution, and hypoxia upregulates the expression levels
of CPT-1A, which may be related to the plateau zokor’s adaptation to the cold, hypoxic, and high carbon dioxide concen-

tration environment in underground burrows, which is one of the molecular mechanisms of the plateau zokor adaption to the

burrowing environment.
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Table 1 Names of 22 mammals species and their IDs in GenBank
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Category Species GenBank No.
e JEU B Eospalax baileyi NC_018098. 1
B W R Nannospalax galili JN571132. 1
WIFK R Rattus norvegicus KFO11917. 1
NGB, Mus musculus J01420. 1
5 B Microtus ochrogaster NC_027945. 1
4 B Mesocricetus auratus EU660218. 1
Witk B ML Cricetulus barabensis DQ390542. 2
Rodentia AN BB, Jaculus jaculus NC_005314. 1
PRIE L Heterocephalus glaber HQ689652. 1
KT 2R Fukomys damarensis KT321364. 1
WKER Cavia porcellus NC_000884. 1
KJRBELR Chinchilla lanigera NC_021386. 1
BHN B Octodon degus HM544134. 1
2808 R Ictidomys tridecemlineatus  NC_027278. 1
R B Ochotona curzoniae EF535828. 1
H#IEH . .
LB B Ochotona princeps NC_005358. 1
Lagomorpha
S Oryetolagus cuniculus NC_001913. 1
K Bos taurus V00654. 1
Z32E Ovis aries KR868678. 1
Fofl .
LI Capra hircus KY305183. 1
Outgroup
N Homo sapiens V00662. 1
SIS Pan troglodytes NC_001643. 1
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Table 2 qRT-PCR primer sequences of Eospalax baileyi

R FHEE(5'—-3") ThEs(5'—3")

Gene Forward primer(5'—3") Reverse primer(5'—3")

CPT-1A° AAGAGTGTCAGAAGGTCATAGAGA CTCATAGGTCAGGACGAACTTG

B-actin - TCACCAACTGGGACGATATG GTTGGCCTTAGGGTTCAGAG
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61 CTC CGC CTG AGC CAC GAA GCC CTC AAA CAG ATC TGC CTG TCA GGG CTT CAC TCC TGG AAA
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K K F I R L XK N 6 I I T G V F P A s P
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s W L I v v v 6 V I S S M Q@ A K vV D P S
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K P M L Y S F @ T S L P R L P V P A V K
541 GAT ACG ATG AGC AGG TAT CTA GAA TCT GTG AGA CCA CTT ATG AAG GAA GAA GAT TTC CAC
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601 CGG ATG ACA GTA CTT GCC CAA GAT TTT GCT GTC AAC TTG GGA CCA AAA TTG CAG TGG TAT
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Y L R G R G P L M VvV N S N Y Y A M E F L
781 TAC ATC ACC CCA ACA CAC ATT CAG GCA GCA AGA GCT GGA AAC ACC ATC CAC GCC ATC CTC
Y I T P T H I Q@ A A R A G N T I H A I L
841 TTG TAC CGG CGC AAG CTG GAC CGG GAG GAA CTC AAA CCG ATT CGT CTT CTG GGA TCC ACG
L Y R R K L D R E E L K P I R L L G S T
901 ATT CCA CTC TGC TCC GCC CAG TGG GAG CGG CTG TTC AAT ACT TCC CGC ATC CCA GGG GAG
I P L €C S A Q@ W E R L F N T S R I P G E
961 GAG ACA GAC ACC ATC CAG CAC ATC AGA GAC AGC CGG CAC ATC GTG GTG TAC CAC CAA GGA
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1201 CGT GGG AAA AAC AAG CAG TCC CTG GAC GCT GTA GAA AAA GCC GCC TTC TTT GTG ACG CTG
R 6 X N K @ s L D A V E K A A F F V T L
1261 GAT GAA TCC GAG CAG GGA TAC AGG ATT GAA GAC CCC GAG GCG TCC ATA GAC AAC TAT GCT
D E S E Q@ G Y R I E D P E A S I D N Y A
1321 AAG TCT CTG CTG CAT GGC AGG TGT TTC GAC AGG TGG TTT GAC AAG TCC ATC ACA TTT GTG
K § L L H 66 R C F D R W F D K S I T F V
1381 GTC TTC AAA AAC AGC AAG ATA GGC ATA AAC GCG GAG CAC TCC TGG GCT GAC GCA CCC ATT
vV F K N S K I G I N A E H S W A D A P
1441 GTG GGC CAT CTG TGG GAG TAT GTC ATG GCC ACT GAC GTC TTC CAG CTG GGC TAT GCA GAT
vV 6 H L wW E Y vV M A T D V F Q L G Y A
1501 GAC GGA CAC TGC AAA GGG GAC ACC AAC CCC AAC ATC CCC AAC CCC ACC AGG CTG CAG TGG
D G H €C K 6 D T N P N I P N P T R L Q@ W
1561 GAC ATC CCG GAA GAG TGT CAG AAG GTC ATA GAG ACA TCC CTG AGC AGC GCA AGT CTT CTG
D I P E E C Q K V I E T s L s S A S L L
1621 GCA AAT GAT GTG GAC CTG CAT TCC TTC CCA TTC GAT ACC TTT GGC AAA GGG CTG ATC AAG
A N D V D L H S F P F D T F G K G L I K
1681 AAG TGC CGG ACG AGC CCT GAT GCC TTC ATC CAG CTG GCT CTG CAG CTG GCA CAT TAT AAA
K ¢ R T S P D A F I Q L A L Q@ L A H Y K
1741 GAC ATG GGC AAG TTC TGC CTG ACC TAT GAG GCC TCT ATG ACC CGG CTC TTC CGA GAG GGG
D M 6 K F ¢ L T Y E A s M T R L F R E G
1801 AGG ACG GAG ACC GTG CGC TCC TGT ACC ACG GAG TCC TGC AAA TTT GTG TTG GCC ATG ATG
R T E T vV R § € T T E s C€C K F V L A M M
1861 GAC CCC ACT AAA ACG GTG GAG CAG AGG CTC AAG CTG TTC AAG GTG GCG TGT GAG AGA CAC
p p T K T V E @ R L K L F K V A C E R H
1921 CAG CAC CTG TAC CGC CTT GCC ATG ACC GGG GCC GGC ATC GAC CGC CAT CTC TTC TGC CTC
Q H L Y R L A M T G A G I D R H L F C L
1981 TAT GTG GTG TCC AAG TAT CTC GCT GTC GAC TCC CCT TTC CTG AAG GAG GTT CTG TCT GAG
Y v v S K Y L A v D S P F L K E v L S E
2041 CCA TGG CGG CTG TCC ACG AGC CAG ACC CCT CAG CAG CAG GTG GAG CTG TTT GAC TTT GAG
P W R L s T S Q@ T P Q Q Q@ vV E L F D F E
2101 AAG AAC CCT GAC TAT GTG TCC TGT GGA GGT GGC TTT GGG CCA GTT GCT GAC GAT GGT TAT
K N P D Y V S € 6 6 G F G P V A D D G Y
2161 GGT GTG TCG TAC ATT ATT GTA GGA GAG AAT TTC ATC CAC TTT CAT ATT TCT TCA AAG TTC
G VvV s Y I I vV 6 E N F I H F H I S S K F
2221 TCT AGC CCT GAG ACA GAC TCA CAC CGC TTT GGG AAG CAC TTG AGA CAA GCC ATG ATA GAC
S S P E T D S H R F G K H L R Q A M I D
2281 ATC ATC GCC TTG TTT GGC CTC ACC CTC AAT TCC AAA AAG TAA
I I A L F G L T L N S K K =

1 SEMRCPT-INERZERFIIRERBHEERFT T

Figure 1 Nucleotide sequences and amino acid sequences of CPT-1A in Eospalax baileyi
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74
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0.02 0.02
— —_

ARSI A
*. The subject of this study.
2 BABREEEEN CPT-IAERZRERF I (A)MEERF I (BB RE U H
Figure 2 Phylogenetic trees of the nucleotide sequences (A) and amino acid sequences (B) of the CPT-1A gene constructed using the maximum likeli-

hood method
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Figure 3 Phylogenetic tree of mitochondrial DNA in 22 terrestrial mammals




286 o4 3 B o W

46 %

2.3 R CPT-1A JE kAT

ETE 3R, X w5 R B CPT-14 3%
PRI TYERE 1 3T, 45 SRR, CPT-1A JE A 124
T AE I 1E 1] 2 #5007 53, 43 91 4 46 Leu .74 Gln, 183

Met.259 Phe 329 Arg.339 GIn.378 Ser.396 Arg.438
Asn 528 Lys 614 Lys F1639 Arg {7 &5, {H 2 Jf] Null
A Fllmodel A 3% 2 L AUAS H Y S LS R 22 IR 1
F(2AIn L=3.20,P=0.206)(%3).,
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Table 3 Likelihood values, parameter estimates, and sites of positive selection for the CPT-1A gene in Eospalax baileyi

Y ZHETT LRSS

Model Estimate of parameters -InL

TE [ 364

Positively selected sites

2fEZE(PAE)
2Aln L(P-value)

P,=0.93327,
P, =0.053 41,
(P,+P,=0.01332)
Null A -15243. 11
@, =0. 060 96,
®, =1.000 00,

®, = 1.000 00

3.20

P,=0.943 31,

P,=0.05371,

(P=0.206)

46 Leu (0.552) ; 74 Gln (0.566) ; 183 Met (0.533) ; 259 Phe

(P, +P,;=0.00298)

model A —-15241.51

w,=0.061 04,
®, =1.000 00,

®,=26.71155

(0.931) 5 329 Arg (0.586) ; 339 Gln (0.819) ; 378 Ser
(0.589) ; 396 Arg (0.577) ; 438 Asn (0.531) ; 528 Lys
(0.541); 614 Lys (0. 535); 639 Arg (0. 620)
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Note: P,, P, and P, + P, are the proportion of purifying, neutral and positive selection, respectively; @, , and w, are the ratio of nonsynony-

mous substitution to synonymous substitution for purified selection, neutral selection and forward selection, respectively.

2.4 SRR CPT-1A JE A AL 2 B
CPT-1A ¥ 5\ [ Ak A AT 45 2 7R, 86 50 A
FRHE 2R (Arg, R)TE [R] A i A% 0 JEER R L B R
IR R 2 S R TR 1 LA A T 7 Ll g A
PRh b A R R (Lys, K) 5 26 55 5 i AN S
i BUPBR T 86 5 s A, B L R AE 4 407 55, , 435
k200 557 A5 (4 E R (His, H) (397 557 5 11 K4
RIR (Asp, D) 624 57 5 161 22 (Lys , K) A1 759 %5
A5 SRR (e, 1) o 200 557 548 % BRI/ INGE
BN E BEE (Gln, Q) , Z 4= N4 2 M J8 & 2 (Thr,
T), HoAh Wy b Ry #t Z FR (Lys, K) 3397 5067 5 % R
N BN TR & R (Thr, T) , HAl ) Fh ok 75 & R
(Ala, A) ;624 507 S K BN 22218 (Ser, S) , /N
FCA IR 2R (Thr, T) , HAth ) Fp R 45 B (GIn, Q) 5
759 57 mi 4 S BRI/ NG B W 2R (Met , M) | H:

A F k75 2R (The, T) (1 4) .
2.5 AWK F CPT-1A S AEA R H 80 i #
LK

HH &l S AT, CPT-1A 35 PR AR AV TR 4 24 %) v i By
SRR A 20 r i) 22 508 6 v T e VA L %) oo D i BRU
PR LU Rk HEF AR EE (P >0.05) ;16K
A CPT-1A FE R 1 3R 3K /K- FEA [R) g4 22 18]
WA BEEF(P>0.05); 1155005 W7 404
CPT-1A FE PR 1 3 38 7KV B 45 1 4 1 e L3R A 7K
T TR (P <0.01) o 15 = 3R RIG 6 38 3R 85
T, CPT-1A JER e P L2 b i 3k B4R B 3 o 1
B LTS AR U7 R IR R YA B D R 2R Gk i (P <
0.05), CPT-1A BENAE B B LAY 38 1t B Ik, 7275 7
JIg W7 T 1 3 g s 1) 9 38 ¥ (8 3 v T i LA 21
(P<0.05),
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_’:7‘%%&1 Rallus norvegicus
NG Mus musculus

—— =R B Eospalax baileyi

—— B Nannospalax galili

E # - Bos taurus
2L Ovis aries

r)\ Homo sapiens

IZ%?E Pan troglodytes

0.02
]

RIS, Heterocephalus glaber R/AGG

bR Ocholona princeps

Site 86  Site 200  Site 397  Site 624  Site 759
AA/Codon AA/Codon AA/Codon AA/Codon AA/Codon
K/AAG Q/CAG  T/ACC SITCA  M/ATG
K/AAG Q/CAA T/ACC T/ACA M/ATG
R/AGG  H/CAC D/GAT K/AAA I/ATA
R/AGG  H/CAT D/GAT K/AAA I/ATA

K/AAG A/GCC Q/CAG  T/ACA
K/AAG T/ACA A/GCC Q/CAG  T/ACC
K/AAG  T/ACA  A/GCC Q/CAG  T/ACT
K/AAA K/AAA A/GCC Q/CAG  T/ACT
K/AAA  K/AAA A/GCC Q/CAG T/ACT
K/AAG K/AAA A/GCC Q/CAG  T/ACC

BGL I I ) 7 81 23 30 28 B AL IR I XT IO 19 R 1), 00 €0 AR Py B A s oo i L T B SRR B B AT o [ A oz s R AR
KRR, MACER AR 2R , K ACRIUERR , Q U4y 2l , H AR AL IR, TAUR IR , 1O e R, SR 220, DIUR R LA

The sequences following the phylogenetic tree represent the amino acid sequences and their corresponding nucleotide sequences. The amino acids

in red font indicate the convergent evolutionary sites shared by the Eospalax baileyi, Nannospalax galili, and Heterocephalus glaber. R represents argi-

nine, M represents methionine, K represents lysine, Q represents glutamine, H represents histidine, T represents threonine, I represents isoleucine, S

represents serine, and D represents aspartic acid.
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Figure 4 Phylogenetic tree of CPT-1A and convergent evolutionary sites
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Figure 5 CPT-1A mRNA expression levels in tissues of Eospalax baileyi

at different altitudes
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LR RN, CPT-1A SN 728 57 22 S R o AR
AR v It L e LR [ PR e e L (EL R
J5URE B CPT-1A 2k PR A4 728 S5 007 1 55 LA 3 T BRLAY
CPT-1A JE R 8 S (0 s A LU AR A 2 A AR ] o g it
Bl CPT-1A 3 [H 58 22 Bl /N A LB 1A AR TR Y [a]
PR A, BT B B CPT-1A JE K 548 B /)
% B ) PR A7 S 22 5 O, T30 B o T A 10 22 355 34
S0k e JE R Bl CPT-1A JE IR 28 S AP AE SRR

A= AR AT R 105 A Y S 2 AR R T,
200 FE AR 140 I I T ARG A 85 B 2 2 A i v AR IO i
WifR e B fE— , 76 CPT-IAWIERF (Bifhis &
LMK ER , 280k B-48 M0 J5 A2 L L T CoA , T AE T JIE
A R LT A A D 2 el TCA 3R R
PR ATP B BERE | 5 22 01— PR 40 2 e Ak S i 4
iz B P LS 0 45 B H S b A T AR T . B
AL RIR , CPT-1A SEPITE A A 25 A2
T b, HAE I th ik i di & 2 (HR AR
[l A PR it R P A A 22 5 5 T A AF Y B RIT ST 45 2R
WERIR, CPT-1A JEH7E 180 H % 1 4 2 JIF I 41 21
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CPT-TAJER RN R 035 THAL 3420

WEIE R, BRI = R BE KA, i 5t B A Y
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1€ 18 1077 [ B L D e 72 COR (840, g 17 21 20 4
AW R Ak % AR B¢ £ I (uncoupling protein 1, UCP-1) |
LR LR U DG 1 2ok 48T ) 18 L A G 32 A y Sl
1 Al F--1a (peroxisome proliferator-activated receptor-
coactivator-la, PGC-1a) 1L LR I W £ £ 55 7= 4
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B2 BT AR AR IR A R BN,
R By | 4 2K BRI IIE v S IR A FR AL 1 (acetyl
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B, 24 = A RE T AR & L 2 2 IRE T AR R
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