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Cloning and Expression Analysis of PHKGI Gene in Goat
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Abstract; The aim of this experiment was to obtain the sequence of goat PHKGI ,to clarify its biological
characteristics, and to elucidate the tissue expression level and cell expression profiles of subcutaneous and in-
tramuscular adipocytes. Jianzhou Big-eared goats were selected as experimental materials, the heart, liver,
spleen, kidney, lung, longissimus muscle, subcutaneous fat were harvested after slaughtering, and the total RNA
was extracted from these tissues. The sequence of PHKGI gene was cloned by Real-time PCR( RT-PCR) , the
biological characteristics were analyzed by online tools, and the tissue and cell temporal expression of PHKGI
was detected by Real-time quantitative PCR ( qPCR). The results showed that the cloned PHKGI gene se-
quence was 1 233 bp in length, of which the CDS region was 1 164 bp. The PHKGI gene encoded 387 amino
acids, forming an unstable hydrophilic acidic nontransmembrane protein with no signal peptide,and subcellular lo-
calization indicated that it was mainly present in the cytoplasm. The amino acid sequence similarity between goats
and sheep, cattle, pigs , horses and humans was above 90% , indicating that PHKGI was highly conserved in different

species. Constructing phylogenetic tree showed that goats and sheep were in the same branch ,in line with the evolu-
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tionary laws of species. The PHKGI gene was widely expressed in goat-tissues and was the highest in the longissi-

mus muscle( P <0.01) and the expression levels in intramuscular adipocytes at 60 h and subcutaneous adipocytes at

96 h of adipogenic differentiation were significantly (P < 0. 05) and extremely significantly ( P <0. 01 ) higher than

those in the preadipocytes. This study laid the foundation for further study of the role of PHKGI in the differentia-

tion of goat adipocytes.
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Bz W) VR PRI O BRI Rk e I
( Phosphorylase kinase , PHK ) Z: 5 8 573 it , {1k
S F A B i, JLTE PEAZ 3] Ca®* Y, Ca® i
P UEPE RS R AR 1 (D) S BUE A IE AL, 1 AP R
PEES I EE 1 (87) MM T Ca®* I &h & UE— 25 30
TR AL U0 B I % 1R 1L 8 ( Glycogen phosphorylase )
VW8 LR, 70 I Hp o] AR %, 1 76 LA Hh 4
FELPY M, PHK 2 o By, D 4 FlOIESEL
FRHY A (aByd) 470, Horh o BLS O T W 2,
v AT (AL y1 Al y2) , y1 A y2 SE 535
FH W% R 4k i 3 B 1 ( Phosphorylase kinase I,
PHKG1 ) [ R4 2 fb. 1 3% 5 2 ( Phosphorylase ki-
nase y2 , PHKG2) B:H gwfi e~

WF9E RN PHKGI s IR TE W )55 53 it 1) 0K S T
R AR VR S S 2o ol T A W Dl 1 L
AT A ™ 5005 S5 20 i 1) 1 22 RN ZE 9815, Winchester
SR PHKGT BEDIFAESS I Z B BRIL AN 6
W& FUIEINLS, I K PHKGL (955 6 b+ 455
K 3 A A AN BT, Camus %5 B & PHK Ny 4
MRS Y 0, H KB PHKGI 78 N\ ZE Mgt
an b B RS S 5 A AR R BRI T Y
TETERES N A, Ma 26 X 4% PHKGT AT TR 1
Fe, KRB O N8 T BTHESZARAL R — A RS
(C> A) RT3 T H RN E A BUKE T R
FRERE P s , HLEE R RK &> > 20% , Zappa-
terra 25" IR PHKGI BTH:5875 (g 8283C > A) X K
FURE R RREK 7 52 BRI FLXE A €8 55 S M
Liu 55" UE B AL 52 x Bifi )11 22 52 3 (14 PSE A2 iy
PHKGI WSYH 588 5 A o0 45 it — 20 S
T PHKGI B0 778X A B 520, Xue 2512 R B
PHKGI TEXSA R 3 A B BUF e 22 5 R0k, ml fE
F R K ZE TS A e 5] . DL BT DR PH-
KGI Z5HUANIF 24 Y2 12, W3 i B
CIe S 7 I (BN iB NUUE Sy NE (7818

PRI  ASBIFE AT R ER 2 F 58X 4 4P 2ok
SLRESRATFIL S PHKGT 5K BP9 01 34T A= 9015 18
203 BT, R SE R 28 % 8 i PCR 4R (Quantitative
Real-time PCR,qPCR) & 1% 28 [H 76 AN [A] 20 21 e AN
[] 3 A BT BERB 5 240 s v 1) 238284k, Ry it — 2D IS
AEEPTENR I TR b A A5 0 R ) 2 D BE B JE A

1 MRATT %

1.1 Rt

1.1.1 sy 5FemRE DUSAE (1 %) i
SR K H-AE i e 3 W) (n = 8, W 3 U )1 45 a7 FH
TREFRBOW AR AT o B RWREF O T,
T B KT B DL R L AR A UM
DEPC 7K UEFE i J5 I A RNase free A7 HT,
BT WA RAE

1.1.2 iRX%ik57  TRIzol,SYBR® Premix Ex Taq™
(2 x ) i&F & pMD-19T Vector ) H TaKaRa /A7), DNA
MIGAT & DNA KA KHFF 7 DHS o 8632 25 4
LG B RARAE AR A BRA A R stk R & A
Thermo 2N

1.2 REFH*E

1.2.1 1% PHKGI BH5ik%E A4 GenBank 111
 PHKGI R 51 ( XM_018040602. 1) , {# FH
Primer Premier 5.0 #4353 PCR 5191 (£ 1)

PCR KW AR R N Tag B 12. 5 pL, 5 i K AL
¢DNA 1 pL, 10 pmol/L By L FF5I #1451 pL,
ddH,0 9.5 pL, i SR FRH 25 pL, PCR ¥ 32
TS PE (94 °C 4 min) ;281 (94 °C,30 s) 1Bk
(58 °C,45 s) LM (72 °C ,2 min) ,38 MG ; ZE i
(72 °C,10 min) ,4 CHRE ., FH 2% BEHR BHEE I HL K
K PCR P24, 8 F DNA [a1 3R 750 &6k H 9 Fr BE
HEAT M R gl Ak, o Sl Ak 7 P % 2 & pMD-19T %k
1A B AL 25 PGS B9 DHS o J82 S 40, B 5 432 2]
TAH Amp 1Y LB [EASEFREE 1,37 C il o3G5+, %t
PHE RV 1T B 7% PCR %58 J5 2% B AR R E Y
BARABRAFIT
1.2.2 L3¢ PHKGI RN A 24510k 12 PH-
KGI B ARt Moz 3k 2,
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&1 PCRMWKXEER PCR(gPCR)3I¥ER
Tab.1 Primers information for PCR and quantitative real-time PCR( qPCR)

FE K FFA1(5 -3") i FEYIK B/ bp R JGRE/C
Gene name Sequence Purpose Products length ™
PHKGI S:ATGACCCAGGACAAGTCGCT RT-PCR 1233 58
A TCTCACCCCCTTTCGGTG

PHKGI S:AACATCAGCATCTGCTTGCGGT qPCR 150 60
A TTACCTGGCCCCTGAGATCATC

TBP S:AACAGCCTCCCACCTTATGC qPCR 155 60
A TGCTGCTCCTCCAAAATAGAC

UXT S:GCAAGTGGATTTGGGCTGTAAC qPCR 173 60
A ATGGAGTCCTTGGTGAGGTTGT

.S, IE CBES 1 AL L LHES 190

Note:S. Sense primer;A. Antisense primer.
x2 SWABREESFTIR
Tab.2 Analytical contents and the corresponding analysis tools
Vipiiaka 1 I A2 T
Analytical contents Applied software or online tools
TFHRRERE TN ZHERRF 5B Open reading frame prediction and amino acid sequence translation ORF Finder
HATTEALE T Analysis of physicochemical properties of protein ExPASy ProtParam
FEA B G5 Prediction of protein secondary structure ExPASy

FEH R =FEEHT Prediction of protein tertiary structure
G5 BKAHT Signal peptide analysis

E A iR BEEALAL S F Prediction of protein phosphorylation and glycosylation sites

EERREE M TTN Prediction of transmembrane domain
WA RE AL Subcellular localization
HAMEAEAHT Protein interaction analysis
) L XS 20T Homology comparison analysis
ARG E Construction of phylogenetic tree

SWISS-MODEL

SignalP 4.1 Server

Net Phos 3.1 \NetOGlyc 1.0, NetNGly 3.1
TMHMM

PSORTII

STRING 22 HA KR

Blast

MEGA 5.0

1.2.3 1% PHKGI JRHLFRKIRZER T AR
TEREARAT I PHKGI SR qPCR 5191 (% 1),
FIH qPCR B AR KM PHKGI TE4AS4H 21 h 3511
F 5 TBP M3 3E R LU 1E 3 K B A X 387K
qPCR WA % .10 pmol/L b F#EIH%& 1 pl
SYBR® Premix Ex TaqTM (2 x )10 pl, ¢cDNA 1 pL,
ddH,0 7 pL, BR RN 20 wL, BAHAREAR R E 3
ANEE, RN KA WA (95 C 3 min) ; A8 P
(95 °C 10s),iB k(60 °C 10 s) ,FEMHI(72 C 15 s)
I 38 MEI

1.2.4  PHKGI FEPRTE LA [R5 Fir 44 Big 105 240 e
St B RIR 2E R BN e R ) ist
HBEIRARA SR ECE &6, DU 48 5 A S 46 % Hip 4]
PRAER LU JUL PR R R R BT RS s 4 i, RF K 2 F,
80% HFHEAT 175 T o0 Ak, 43 WA 56 A R B Bt (0,12,
24,36,48,60,96 h) Y2 i 45 HL RNA I 52 5% 558 Al
cDNA, UL UXT K NS 3, FIH qPCR A
PHKGI FERAE A B BEY 235K -, AR & A
5 1.2.3 #H,

2 SR G

2.1 W3 PHKGI EEM=E
PLTATM R EET B UL cDNA Wit 28 PCR 444

AT H =R MEFF B (B 1) P 2]
PHKGI R BEKEE 1233 bp, Hid CDS X 1 164 bp, G
S'UTR /731 ,3'UTR 69 bp , H:45fith 387 A~ HER

M 1

2 000 bp

1 000 bp
750 bp

500 bp

1233 bp

250 bp

100 bp

M. DI2000 DNA Marker;1. PHKGI B HI4cH5 .
M. DL2000 DNA Marker;1. PHKGI target strip.
B 1 ¥ PHKGI EFEYEER

Fig.1 Amplification of PHKGI gene in goat
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2.2 % PHKGI ERAFI 5

2.2.1 SRR FIH DNAMAN X AN [
Vil PHKGI SER B bty (1) 28 S8 ) 5 647 L X, ik
INTRTN KRR 545 2 (XP_027817635. 1) 4+ (NP_
001039951. 1) . %% ( NP_001280073. 1) . B ( XP_
001493403.2) . A (AAH69655. 1) ) PHKG1 % &2
FESIARALPE M IR N 99% ,98% ,94% ,96% 1l 93% , 13
Wiz BT R R A B s (K 2) o
2.2.2 AR H ExPASy AEZ T HXT
L3 PHKG1 SRR 3 5 A7 20, LB 2 (1 4 1
itﬁ‘j Caots Hais6 Nsas Oso 515 ,ﬁ‘?‘}ﬂi%ﬂi]% 87 ku;T{ff&
TR, 5 E R (Leu) FHEN9. 6% , &5 iR =
AR, 35 7R B 35k 5 Y AE FE i ( Arg + Lys ) AT £ HA, fr

(Asp + Lys) P2 BERR R AL S B 00 ) 50 Fi 51, 2R W
1115 PHKG1 5 F AT REHT £ FEfar 5 BRIE 55 FL S ( Protein
isoelectric point, pl) A 6. 81, 3% K P B (H A
-0.330, NEaEFE RN 45. 83, [FIIL, Fi PHKG1 &
HJE TRRYEFKATRE RN . BRI AL HON IR,
ILZE PHKG1 #1431 BRI &, P 55 2251
2 (Ser) BERR LA 55, 18 A, I3 2R ( Thr ) B R LA 45
10 4, BE R (Tyr ) BERRAL A7 45 3 A, BEFEAL A7 5 33
MBS ZEAA 4 4 0 BRI NS, 2 F 2,6,
12 1329 i 5 ; 0 N B A7 45, LLF PHKG1 &
A 5 B S5 A 3 HLIC AR 5 K 5 0 200 2 o7 8 W
FEAEAE T 41 ML BT (73. 9% ) v, Yk Sk 40 B k%
(13.0% ) FZkifh (13.0% ) .

M| H2 Jianzhou Big-eared goat 60
Ovis aries 60
0s taurus 60
¥#iSus scrofa 60
LFquus caballus 60
MNHomo sapiens 60
Consensus
M A HE2E Jianzhou Big-eared goat 117
E0vis aries 117
Bos taurus 117
Sus scrofa 117
4L Fquus caballus 117
ANHomo sapiens B 120
Consensus ev elreat kevdilrkvsg pniiqlkdt etntffflvfdl mkrgelfdylt
A H 2 Jianzhou Big-eared goat 177
#¥0vis aries 177
Bos taurus 177
Sus scrofa 177
LEquus caballus 177
o0 sapiens 180
Consensus
MK H 2 Jianzhou Big-eared goat 237
Ovis aries 237
Bos taurus 237
¥ Sus scrofa 237
L Fquus caballus 237
Homo sapiens 240
Consensus
M A F2E Jianzhou Big-eared goat 297
Ovis aries 297
+Bos taurus 297
Sus scrofa 297
U Fquus caballus 297
MHomo sapiens MSEEYCFGSE i HEFFCCY ; 300
Consensus mlrmimsg yqfgspewddysdtvkdlvsrflvy pq r aeealahpffqqy veevr
MK H¥ Jianzhou Big-eared goat | RI /IF ICA 357
*0vis aries 357
~Bos taurus 357
¥iSus scrofa 357
L Fquus caballus 957
MNHomo sapiens 360
Consensus hfsprgkfkvi ltvlasvriyyqyrrvkpvtreivirdpyalrplrrlidayafriygh
M AH2E Jianzhou Big-eared goat 33, 386
Ovis aries ] g 386
Bos taurus 986
Sus scrofa 287
HYEquus caballus 386
NHomo sapiens 389

Consensus

2.2.3 HEAF R EEAMBAERB
ExPASy Fil il & (H — 24 4544, & 7~ PHKG1 & HA
138 1~ (35. 66% ) 2 KR I GEJE W B8 JiE ( Alpha
helix) ,167 4~ (43. 15% ) AR 1l GEIE W TC LI
At ( Random coil) ,82 4~ (21. 19% ) & L1 7] e 1k

wkkgana.alfcntpkavlll e‘ ed
B, BURNE = 100% ; B, IR >75% ;B . R > 50% 5 11 6. [ itk <50% .
Black. Homology = 100% ; Pink. Homology >75% ; Blue. Homology >50% ; White. Homology <50% .

2 WEME AT E PHKG1 SEEER 5t xt

Fig.2 Alignment of amino acid sequence of PHKG1 between goat and other species

FEH5E ( Extended strand ) (€] 3-A) , T =2 &%
g R FHLI 45 R 55— % 25 1y T 45 2R e AR — 3 (1A
3-B) . M E AR 23 M1 7R, PHKG1 & H Al AE S
CALM1 ,PHKAI ,PYGM , PHKB . PHKG2 , PHKA2 #7
PYGL %54 A EA A I (K 3-C) o
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A. PHKG1 2B [T A5 BT, Foh il 60 B R 30K o IR, 41 (A SR FOR AE A | 28 (0 B LR R TR Il
B. PHKG1 2 BT A A ; C. PHKG1 BB HLAEM %%
A. The second-order structure prediction of PHKGI protein, a-hehix indicated with the blue, extended strand indicated with the red,
random coil indicated with the purple;B. PHKGI protein tertiary structure prediction;C. PHKGI protein interaction network.

3 1h¥F PHKG1 EHRZMEEEERTN

Fig.3 Prediction of protein structure and interaction of goat PHKG1

2.3 L% PHKG1 HIESHFHL RS WMFEE RN I EGE LR L, N5 4 R84
KT WG L PHKGL S A Mt fbad f2, H ShiRIAE R —0 32, 5RO I R4 0 R e /5 6
MEGA 5.0 ##t gk ki, 2558 (K 4) Bor, iy e,

#) Canis lupus familiaris

—{
#5 Felis catus

1, Fquus caballus

37

% Bos taurus
44 99 _|: #2E Ovis aries
96 + W3 Capra hircus
72 — % Oryctolagus cuniculus
61 L— ¥4 Sus scrofa

79 #K B Rattus norvegicus
—

93 L /NEL Mus musculus

B4 Danion rerio

M Homo sapiens

[ Gallus gallus

GenBank %555 . /Nl NP_035209. 1; KBl NP_113761. 1;%%. NP_001095175. 1 ;5%. NP_001280073. 1;Ji. XP_0222275227. 1 ; 4ifi. XP_023102031. 1 ; 4.
NP_001039951. 1; 111 3. XP_017896091. 1; BE I ff. NP_001018868. 1; 4 3. XP_027817635. 1; Zh. XP 001493403. 2; A. AAH69655. 1; JFLA%. XP_

015151218. 1,

GenBank accession number: Mus musculus. NP_035209. 1 ; Rattus norvegicus. NP_113761. 1; Oryctolagus cuniculus. NP_001095175. 1; Sus scrofa. NP_
001280073. 1; Canis lupus familiaris. XP_0222275227. 1 ; Felis catus. XP_023102031. 1;Bos taurus. NP_001039951. 1 ; Capra hircus. XP_017896091. 1 ;
Danio rerio. NP _001018868. 1; Ovis aries. XP _027817635. 1; Equus caballus. XP 001493403. 2; Homo sapiens. AAH69655 ; Gallus gallus. XP _

015151218.1.

4 PHKG1 EB R4t Lt
Fig.4 Phylogenetic tree of PHKGI1 protein sequence
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2.4 % PHKGI ERARRIEDH

FIH qPCR J7 40 PHKGI FE R AE 1 244
HAPRIB AR, 45 KR W], PHKGI B 7E i i
W) 7 DL A Rk, DTS e K U 0 355
e A R T AR AL (P <0.01), £ Tl
5 B o0 R B 2H 20 3 K A A, A 1]
ERABEES) .,

—
o o

PHKG I4A % 2635 74F

PHKG1 relative expression level
B

BoOM B R OKET

(¥ FF
Heart Liver Spleen Lung Kidney AL  FRAG
Longi-  Subeu-

ssimus  taneous
mscle  fat

ARG F RS BRI 22 AR 3 (P <0.01) s RR/NEG F-hEFR
REFLFE (P <0.05), K6,
Different capital letters in the superscript indicate that the difference is ex-
tremely significant difference between the data (P <0.01) ; Different lower-
case letters indicate significant difference (P <0.05). The same as Fig.6.
B 5 PHKGI ERZEFARRHLATBIENRIEKE
Fig.5 Relative expression level of PHKGI

in different tissues of goat
A

°

=

L

H-E:

2.3

HE o,

Re

<

Ed}

K2

o 11

==

EE

20 v v r r r r :

= 0 12 24 36 48 60 96
B[] /h
Time

2.5 I3 PHKGI ERERFRIESH

qPCR Kl PHKGI HEPRITE L= LA FI R R AR
JIE I 240 B 4 A AN ) B B A AR X 3R R OK T, IR 3R
WY, ZE WL AT AR 7 4 A 53 Tk 3l 2 rh i 5 DR %) A
RS2 BT - FRE - B - TR E
60 hitfiAf i, BEE T 0 h(P <0.05) (B 6-A) ;7E
BT AR 5 4 ML ) B 2R 3k IR R Y AR G 3R
INACE e iR fa e H A THAKKF, 75 48 ~96 h
AT ek e T 5,96 h Bk i i 3 v TR
AHE(P<0.01) (K 6-B) .,

3 w54

WE5E K BUS BEIEL00 % A OC ) PHKGL 25 R g
e | FHEOR i i B = | DTS B0 i I 3R
B ( Glycogen storage disease, GSD) |, T 14 bR 1% 3& A
MY R AR KRB GSD 19 &9 Z I el 58 N
B DR 12 3 DR A 3h g PR R T R g
Mo R T B PHKGT FERFEME AR5 7o B9k
LG SEHE CDS (W PHKGI 3L T A, 486 1 AR
HARRWO & B, H 5 CALM1 ,PHKA1 ,PYGM , PH-
KB .PHKG2 .PHKA2 #1 PYGL % 4K 4 ] REAE7EAH H.
YER ., PHK Y o W ELA W#EIE R, B (e

—

]

z

B

¥.2

Kae 4

e

"E 3

ED

HE 5

#ic

i

@ 14

5

= 0 12 24 36 48 60 96
B ] /h
Time

A. PHKGI 781112 WUP A DG 15 20 i 43 A5t 8 rp B AR X 380k 4 5 B. PHKGT 15 1L 2F K2 B AT RS 7 40 i 40 Ak ik B2 v A AR ek i

A . The relative expression of PHKGI during the differentiation of intramuscular preadipocytes in goat ;

B. The relative expression of PHKGI during the differentiation of subcutaneous preadipocytes in goat.
B 6 PHKGI £RFE7ELZE/L AR T8R4 B 530 i3 38 fr RO HE X kA 7K

Fig.6 Relative expression level of PHKGI during the differentiation of intramuscular and subcutaneous preadipocytes in goat

P ol (Phosphorylase kinase al , PHKA1 ) FE X 2 it
JULIA ZH U S5 3R K 1 oy B8, PHKA2 58 PR 4 8 T 0k
Pt RIK M o, B, PHKB FE R 4 1% B 3k,
CALMI .CALM2 1 CALM3 3 R H 2] 4w i i & V.
SRS B, v LAEARTR] Ca®* e B Y 2% 4
Tl PE ) Bali 2517 4RGE, th PHKA2 . PHKB
Il PHKG2 JEPR 527225 2 A PHK it = 24 I iR
95 (BRI RO IX 780 ) e i LG SR IR 22 — o H Dl
iz L (PYGM) 3 % LA LB R LR S AF 0 N R LT
M, 7E PHK FIES B 177 76 i, % B B8 1 1 3K 4505

PEVSTT I PYGM HE R B g T 5 e A2 XD S
AU 2, X PHKGT #3355 , K %] PHKG2 1
WEmR T R A2 7 B 5L ) ( PGAM2 ) ik & I8 I
PP R BT AR I Y B T AR Y 4
HUET PHKGI Z 585

B AT 2 FhiE] PHK S5 IE R UEAT THF9E,
SRR GG A TE Z R s LA S N2
e 217 A RIT I N R R AE R4 4
LUz Rk ARG T IS PHKGT R 41
Tk EE, 45 B R, PHKGT {5 1L 2F 80 T T
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Bl B R R DS R g ik OF BLTE
T IR WU AR X e ik et e, LUK R B2 R R DT, 156 EH
PHKGI TEINEM A HA T2 ik H B H LUk
SR, B A PR AL LA X A
BLA Iz Bl I 4 it T e 2 E LA R Y 2 s AL
IR TR 45 5 - T A8 R TS PHK, {1 B R 1L 16 b
AR A TP A BERR LR 2 0 TR A,
PHKGI TEMNTTAEE IR AT e K LA ZUh g 3%
ki, RN s R e 2 R
A BAR, 5 ARBE G 45 2, 254 LA B e
PHKG1 F:P7E3h ) WL IR 240 2088 DA it vp & 4% T 22
YER . [RIFASAIFGE & 3R, PHKGT 1E LN 1 EZ T RiiA
I J 4 L 3 A el A v 1 Rk B X, T B 2
TR NI T 22 WU g 0 57 T WLET 422
[ Y R VS 1o = B N T R = B Y
Wi A RELA S, T LN i 17 22 5 PR B R AR 5
JBIIRETE L, I AMERE Th BB S UE ], AN [ AR
i UAR LA B Sk %) B 4 U S L B
MUTRLIGE T R IR, AT 9T 38 & B, PHKGI
FERLEE LG 55 60 /INE A4 LA BG B 240 it s
ARG 96 /N K T B T At M 9 38 K 4
91 5 2 R B 2 R A A R R KO I % 3 R
Al e B ARSI VE R . a2 AR U 240 A 1) B
G T AR S Ak RIS O % A BAS | A
TSURI] FH 48 28 00 A A 4 1E 8 2B A i s R Ak R i, Ol
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