41 H3 Wl B % U R Vol.41, No.3
2020 4 6 H PROGRESS IN FISHERY SCIENCES Jun., 2020
DOI: 10.19663/].1ssn2095-9869.20190326001 http://www.yykxjz.cn/

Wi, XK, sk, WM, (AR, WNROY, PEAAR, REIRIR. < T 0 SR R DN A AL 2 S A AT

v Bl FHERE, 2020, 41(3): 158164

Xiang ZL, Liu CL, Zhang JY, Hu P, He MC, Liu SF, Zhuang ZM, Xue TM. Gene identification and tissue differential expression
analysis of Sepia esculenta telomerase reverse transcriptase. Progress in Fishery Sciences, 2020, 41(3): 158-164

& 53 T v 4L B 1 45 SR B 5 [ £5 7 A0
PMERRIESH

F A K

CE-T-

4. MR R ETO B WO e o

6. T by B VDMK T KA R 7

ME

Mok 230
(1. B R K 7= 5 A2 B

2. HEIK PRI B BB K A i R RGO Al s R R S s Y
3. FREHERESEARR S ER LR EFEM A58y SRRt =

Ke® P w o
EAE? HAR
L 2013065

266071
H 2660715
2140815 5. WEMEHREAMYARE Hi 266003;

HE 266000)

AR A 5 W (Sepia esculenta) 4% 5k 41 i 46 1 4% )L TERT (Telomerase reverse transcriptase)

ERHJFH|, Bt R R A E IR 7, S E iR AR A4 5 TERT 23, J7 7] K & 4 2415 bp.
R LBt E & PCR 8K, #olllfn g4t & 5K TERT EEARE AL, B A H BT E K
Ayt kA EEZR £RET, SFEWHMEL, HRMKS, . HR, 8 R, 2 E#E

(=R AR T EMAL)E 6 ML TERT XE XK EERETHAS, RN HAHNE

THL ARG THEA X, TERT XEAE L LR AR 4AHR

AARRWARSRE, AL

BRAARABENEEREHFS — B AT RERTARNA L LR L L G REF £t g

o Bl ] 4 AL AR 4k SR B A
ES7 35

thESERE S931.1  SCHEtkRINED A

i L SR B A% A e M G 0 1A SR S 1 — B RE Ok
DNA-#EFIE AR, Y% @R A R SR R o A 0 T — i
PR R340 Wt , X A4 200 i I A i Sl B AR B N AR
A K EEAE H (Moyzis et al, 1988; Verdun et al, 2007;
Deng et al, 2007; Mergny et al, 2002), F& i uihi

4 5 ; TERT 2B ; qRT-PCR; Z4dtfbst; HLEZRKAPN
XEHRS 2095-9869(2020)03-0158-07

it (Telomere theory)IA Ay i kL 7E 41 il % 1 it 7 v
AR, BNy 2EE8 23 [ DNA 24 i) g it
MARESE e Gk, skl DNA FHHK
BTG, Ll A M R AR T ki e T 4
SRR, WAL SRR A A AR B <o I
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Ui oL 454 AR %) B U M AR B TR —
(Spivak et al, 2016), ¥k fiff(Telomerase)f ZiE 1 v ki
HEEFY], g RTaE , 008 40 M &2 Gk
(Wright et al, 1996), Pt , Jiig s il 5 A PR A7 i B AR E
e R oe R | S MRS A B ) AF AR . sk
it phy S5 47 S RNA(Telomerase RNA, TR) ., Sk fiff
i %% SR liff (Telomerase reverse transcriptase, TERT)HI
Ui L it FH 56 2R A8 ) (Wrright et al, 1995)., TERT 3% [H
2 Vit il RS 1 FH 1 D B 45 4 N 32 B4R BT, SE
WG SRR RNA RPN, & ikl DNA 4
JEHN -0 I3 G o AR B, DI R AR T S A 78 48 i 3
AP AR, BFREERIT, 7EIEH 4 5 A TERT %
R AT RIR, BRAS ML UEAN AR, RER AN 754,
T 46 P G2 3 B ks it E BHL IR 20 B 2 B b B
#ZAE ] (Bodnar et al, 1998).

4 5 I (Sepia esculenta) & 3k & 2K #Y W 4
(Coleoidea) FfRERN, —4FA HAENEGE 1 K, 4
FAJGPGHEAET, JB T — A AR A 3 P e J i) |) Py
KA B AT B G n] LIAE i 5% AR B . R FNAE
ToZ RS ZR B 2 R VT R IR 50 28 1Y) v bz 2
Ut A SRS S P TR AR Sk DNA T
JEARRAT G A BT 2 HARSE T fe b, TERT &
R FA A 287 TERT 3Kk B A7 e A
2SR 22 57 R T I Ik S (R, AR ST AR
FOLZEL AT S0 AR AT 1) 4 2 B R Sk ZH 0HI (Zhang et al,
2019)H i vE Y TERT A, FFEEE T 4 S A4 K
H(Growth Stage, GS). 7~ P HH(Spawning Stage, SS).
WiFE I (Aging Stage, AS) 3 XA K & H B BLFE
i, 18 qRT-PCR AR AL F BB . AR

ZUFIANRIPE S ) TERT HEPHFb AL, D675 4 5 I
HFE G T B O B B E SR

1 #MRE5FE
1.1 LI

4 OB 2R T 2016 4F 9 AHlE HILARF
Wi, Zabin 1 AN TEEFHERBPOE ARZR, T
2017 4 7 HRARSZHKG 0 . S2KE DR AE /K 19°C~20°C |
ERRE 29~30 0F FIEAL 30 d Jm, RGBSR, %)
R AR B K IR 20°C~23°C , R 29~30, 0~30
H 5% F R 15 AR5 iR (Opossum shrimp), 30 H #% 5 #% 1%
T/ NRF N, BRI 2 K, BRI RINE,
M 2017 4F 7 H~2018 4 7 H BRERR A 4 BIAEE M .
PRI L PO L BABEI 3 AN S ) 4 2
RS, BT A3 L, HOREE 18 He
WA FAE . BRI . PERR . BB, BB LM RIEREMR
RRFIALI 5 I ZHEY) . OIS ZURE S, K 18 4k
MR ARG, BERDEE A —-80°CUKAR AR AE 7 H

1.2 SR AHE

1.2.1 TERTAHEHEEx MBI AT
5114 4 5 I B B35 S ZH K040 (Zhang et al, 2019) 1
F Bl TERT HEH R BIPIIME R o ¥ BE0L 4 5
TERT % K 7515 B 5 NCBI 548 % (https://www.ncbi.
nlm.nih.gov) MW T AP TERT EH ¥4 H XT3
Mr(# 1). H ClustalX Xt T A FF 5347 X HEF 5 2
BRI SG TUAR T 91, Of B A5 7 51 2415 bp. ffi il MEGA
6.0 FKUEHT P IR FREALN . AR S AR, R

# 1 TERT EHFFEE

Tab.l TERT gene sequence information
A S L

Sf)%efis "g/;z Sequeiiulzjih (bp) GenBank No.
5 Sepia esculenta AR kRN HhE 2415 AR5 This study
I ABELS Octopus bimaculoides WA kRN ABE 30352 NW014724770.1
ZEWH 45 Crassostrea virginica ARSI WSeH i H 3233 XM022469838.1
JF3E 13 D1 Mizuhopecten yessoensis ARSI MG s E 6018 XM021523133.1
#7712 Pomacea canaliculata HiRshy] RN PEEH 5212 XM025238462.1
I Lingula anatina Wi shPy1] s HIENH 3553 XMO013525154.2
PEL fi Danio reri BRAYI] wEag g HE 3530 EF202140.1
Hui B I ctidomys tridecemlineatus BRI WK Wik H 4311 XMO005340748.2
KA-FEBELCIHEIK agenorhynchus obliquidens R 3% WiFL4 & H 4090 XM027125435.1
BB Macaca fascicularis BRAYI] HAN RKH 4007 XM005556550.2
R £ 4% Carlito syrichta HHES] AN RKH 3246 XMO021717883.1
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48 $27:(Neighbour-joining, NJ) #J &5 T R G I,
2% 1000 YK & A (Bootstraps )k I H: #15 BE (K] 1),
[, 4] DNAman 8, fREILAFL], 45
W UL S AR R AT AR 51 434, i 107 51 5 B
A1 TERT & 5 i [ s 1
1.2.2 RNA #R554#%  {fi/f] TaKaRa™ Mini
BEST Universal RNA Extraction Kit #250 RNA, 1%
I 5 HL VKA RN 58 344 fif ] NanoDrop2000
(Thermo) 5 I RNA VR FE 52, BEBE 557 I M 2l B
7 RNA KA

i 18 Vazyme /3 7 HiScript “II Q RT SuperMix for
qPCR (+gDNA wiper)if il & #E#E W AR &, DA $2
HG A% RNA Bt , S5 sk6 i cDNA,
1.2.3 314kt fdi F Primer 5.0 $&31 TERT JE A
FrSPEY B 54 QTERT1, QTERT2 FINZ 4N 18S
FRE Y 54 Q18S, H T EE TR 2).
1.2.4 % Bf &% K€ & PCR(qQRT-PCR) A 5T R H
AR REMETEERIC SYBR Green X TERT R A 7E4 S
WA KB B B LU i b AT A X ¢ 8 i PCR
R, i ABI 7500 HUSCHFE G 5 PCR &R4E,
TaKaRa™ TB Green Premix Ex Taq™ IHXF| &, W
AZ 20 ul: ROXII 0.4 ul; E3#ESIH 0.4 mmol/L; T
U514 0.8 mmol/L; TB Green 10 ul; H,0 6 ul, i/

2 R ERAES
18S YE qPCR NS,
SN A A PCR AR MERR T . 95°C Tl

A5 30s; 95°C 5s, 60°C 34s, 40 PMEH,
1.3 #HiEaE

MR I E i PCR JIA5 % CLAE 38 2744
BT TERT BN Bk o B> Ab 340 (0 450t 4 57
G307, BRfR]—AS A BRZH N B FE 5 S AACH (R %
i ACH I8 2= N K ACHE, @it 2724
{ELSE 1T LAA 387 [] — Ak HLZH P 45 AR 0 A R 6 35
HNER.

AT aE R LA B +FR E 2R (MeantSE) &K,
JEFIH SPSS 16.0 F {4 1y 5. H &K J7 2% (One-way
ANOVA)43 1t TERT mRNA Fik i AR 4140 % 45 &
B Y ] 4 25 5% K F o {8 F] GraphPad Prism 5 3K {44
il A A FLZE R X 2 3 R Y 25 S L

2 HERE5HW

2.1 TERT EFENGESLE

TE NJ RGEHEM (& 1), 455, TERT
A B e E A Sk 2 4R m JH LR (Octopus
bimaculoides)f) TERT JEH R H—37, ARILFFERN

#*2 TERT 5HAEEME 18S qRT-PCR 3|¥E 2
Tab.2 qRT-PCR primer information of TERT and 18S

3145 591 SR PR
Primer name Sequence (5'~3") Primer length (bp) Product size (bp)
QTERTIF GCAACATTTGGACTGAGGCTTTC 23 160
QTERTIR GTCCCTGGCACATCTACATCCT 22
QTERT2F CCATGGTGTGGATTGTTGATTG 22 168
QTERT2R GGGTCAGGTTCACAGTTAGTATG 23
18S F CAGTGGCGGCTTAGTGGTTGAC 22 100
18S R AGTCCTTCTGGCAGTTGTTGTTGG 24
4]00{ 458 Sepia esculenta
46 | SRS Octopus bimaculoides
39 FEW4YG Crassostrea virginica
WF3E B U1 Mizuhopecten yessoensis
&7 Pomacea canaliculata
23 EHIEM Lingula anatina

P44 Danio rerio

KBS K Lagenorhynchus obliquidens

45 Hib B Ictidomys tridecemlineatus
100
98
0.1 69 IREEHE Carlito syrichta

BB Macaca fascicularis

El 1 TERT #K NJ &40 L b

Fig.1

NJ phylogenetic tree of TERT gene
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100; )5, SHAMBAEN RN —ADKWERE. B
RANYITH) 5 ADFPNER S S — S5y 3%, 5T0H
HESHPIIE I 2 A543 32 . DNAman $ 04 [R) IR 51 43
Wres L], 450 TERT K55 50N 3Py
TERT J:K 551 —EE R 58.28%. NI RGdEAL# 4
BT 5 1155 51 20 B 4 2 Wk e 3 A 500 v O 22 390 1)
BE{l TERT & %72 4 5 TERT £,

2.2 A[EHEL TERT HEEFREHE

PR 45 15 T O 5L 4 TERT J PR AR G 263k e i
Bl EMAEBIRZ, RO FE 4 5 mA K
RE SRS, MERFLOIER TERT REELEE
BTN VR H(P<0.05), TiEE L A 7E 7 B Y
)22 aA 1 2 = T AR R TR AT (P<0.05), JH . .

825 4 20 Y 2 38 o ) — EARAG (A 2).
e 4000 - 1 Female
5 3500 |
g 3000 | a K8 GS
% 2500 | il 7=584 SS
& 5000 b BRI AS
;>’ 1500 L @
5 1000 [ N
& 800 §
Eg 600 - \ d
W 400 -
Z 200} < e
g T lege [lee [INE AN Ne
FERE B AR il ﬁﬁt I
Liver Pancreas Gonad Gill & HF Heart
Esophageal
nerve mass

241 Tissue

Bl 2 Wik 4 S0 TERT JE DR 7E AR 4140 3 i 11 0 25k
Fig.2 Female S. esculenta TERT gene expression
in different tissues at three stages

FOr R R R R 225 57 3 (P<0.05), T
Different letters indicate significant difference (P<0.05).
The same as below

5 4 S AL, IR MR TERT JE M
X R R S AL, BIE AR, BTk
B O IE o EHEPE 43 2 WY I JUE TERT J Rl 60k A
SOMEA Y FEMEE S S AR A B SR, R
8 A R J R O I 12 5 DR 3R 3R 7K P-4 388 11 (P>0.05)
WIAE 0 5 2 R B (P<0.05); [ERAEAIC R TERT 3
PRI A 1 5 8 W T A Y B $(P<0.05); BIE EAf& A
1E 3 AP B R BT TR, B0 r ek
N T AR K AFE I (P<0.01);  BLARJIFIIE AN
R A F A RN, BN 5B F 2 2R

H(El 3),
_ # Male

3 8000 COAEKHGS
3 7000 £ B S8
£ 6000 T B8 AT AS
2 5000 |
—
% 4000 -
Q 3000 L
-5 2000 1
=
S 1500 - .
I 1000 -
.ﬁg

500 +
= dCCde
z 0 (4 2 N

JFRE i Iﬁﬂ% i ﬁ'LJ: :L.HHE
Liver Pancreas Gonad Gill f£&F] Heart
Esophageal
nerve mass

#H41 Tissue

K3 B4 5 TERT SLRIFEA R 3 A mf iy ik
Fig.3 Male S esculenta TERT gene expression
in different tissues at three stages

23 250 TERT EERZEHINES

Fo A e 4 2 AR TR 21 40 Y TERT JE K Rk i
AR, AR T RN T b o 8 P i 2 5k v T M
PE(P<0.05), FFAE. PEAR. 68 CWEFEME . HERIE TG
EME2ZEF(P>0.05) (K 4), F=ER, BPE TERT A A
FEIR I B TR 81(P<0.01), Hifth 5 44! TERT
SRR E AL, HARFTEN 22 5 (P>0.05)
(F 5). WiFEI, DREAZUR TERT 3K Kk 2R
TR, S EONE R R R TS S
(P<0.01), HAth 5 MAHLURFRXEIKRIBEM, HAF
FEME 22 5 (P>0.05)(1] 6).

200 K GS

a

I T #f Female
150 - JifE Male

100 -

1%
S
T

XT3k & Relative expression level

be
cd N cded Cd §
oldd AN OR
JFAE JBR AR g ﬁ’iﬁJ: L
Liver Pancreas Gonad Gill ##ZHF Heart
Esophageal

éﬂ?}l TiSSue nerve mass
Bl 4 ARSI EA S TERT &K
M HEFIAE T

Fig.4 Comparison of TERT gene expression in different
tissues of male and female S. esculenta at growth stage
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Esophageal
nerve mass

2H 4K Tissue

77 B0 4 B O [ 4 40 TERT S A
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Fig.5 Comparison of TERT gene expression in different
tissues of male and female S. esculenta at spawning stage

A 5

3 200000 - WIBERT AS
2 180000
-2 160000 | 1 # Female
£ 140000 - T Male
S 120000 -
£ 100000 L
B 5000
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= L 4
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PRAEH 6 2 AN [ 420 TERT A
WE | MEFR IR 22 S LA
Fig.6 Comparison of TERT gene expression in different
tissues of male and female S. esculenta at aging stage

K 6

TENIREN, REYRE NG — Rk
JER) . AR, ZERH SRR, 45t da B
AR AT PRI AR I 1) FE TS B AS T 8 5% ) BRG (h /D 4
%, 2017)0 & SR LA AT S PO 3 | SET 4,
CORIESE Y — B A Ak, B TAEE
FENEG Y BB IR R %5
JEFFRGT(E 5248, 2017; fTHEHSE, 2018; XK HRE
2018; FRGEF, 2018; E&HMFSE, 2017). WIERAE 5>
T4 S Ay R LS, IR
2 ch et = =S MR s R R G S NDY W DO DN S
Wit ARt — A A .

TERT 3 [A] 2 v o Jil 248 e S b 4 J3E 1) D B 435 4 I

TR A, AR IR T AR LR AE L /D
Bl KB Rl AR A 42 rp B A5 2 A (Kim et al,
1994; Wright et al, 1996; Ulaner et al, 1997), {H&, %
TR A % R ) SR R R 4 R A i e/ L
H— N 52 2% 1 ) R 9 4 T e B AT 2 ZURN A i A
:(Cong et al, 2002; Ducrest et al, 2002; Mergny et al,
2002; Liu et al, 2004), AW LB, KKk E BB
45 TERT FEHTEN . Bafe . PEAR . 68, & L
ZE IR E R A 25k, JTRECE A K B BB Ak, PERR
DR REFA IR LR ik H R AR T RS,
Kong %5(2008)ifF 52 i, TERT 3K F k2715
H AR 2H 240 i (R 34 58 e 1A 5% o 42U 4H e 3 58 e T 1Y
A R A B RE N —AFEENER, Hit,
TERT J Rk i 1 T B, 8 s 78 4 DI A )5 b
S R | O I R BRI S B 22 4 S4B R T A
TR &SR EHZUM TERT R RIET
K 5 41 i 154 58 53 24 66 1 19 8 Ak A5 5 L R s
B SRIET AFTEA — A, M 2t — TR
UESE

HAAFEEM R, M. F4 20 aE s d
TERT 3 PR AH X 323k & A6 7= B A 34 K L8, WisE
WIEN SORIE T8 AR5, shi B P RE i (IR
KRB LT R i — 2 AR — 1 B (HPG) Sl 4 97
o TR, ISR R B A BETE B
AR TR, MO AR AR T s 2R
(ERE, 1987), ik 2P RENEE L
25 A1 S EC R BRI 5T PR 2 S L, LR T A
SN A, I E LR E SRR RS T
Feii(Wells et al, 1959, 1972), = 5 &30 1) 4 2
WRAZ KA 22 R GE R 8 L AR, 405 TERT
FEDR, DA T4 5 e U 200 L ) S R RE T, A A kP
PR SR P2 B, LASE IO 4 5 W B I A AR B K

Wit e & B, TERT 3EK7E 4 BRI ZH 4T
HAW B NHL RS, S b 58 R b e R
ik, fEHAMA L PR, AN . SO IR 2
Rk G, S SR H ST RS A —
., X455 59 8% (Oryzias |atipes) i AH EBF5T 45
AL 707l R I 309 A AR 23 ALl 20 Y945 TERT
FERFGE, TR 2P PERR K %2 BL T TERT 2K
71k (Frank et al, 2008). [Fif, 5257 %(Oryzias
melastigma) (Yu et al, 2006) 171 ) (Takifugu rubripes)
(Yap et al, 2005) 1 i) TERT KP4 41 0] 22 S %k 5A
W ZE AL, BRI AR TERT JEPH &3R8, 1M
JHERE . 88 O RESF A ZUIRERIL . APFRA R BoR
P R S A 2 2 Rk 252 SR
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ABFFREERIE BN , 4 5 TERT B £k BA
W R ) 22 R o BRI iR A 2
TERT J& DA AR ik W 35 5 T MEPE (P<0.05); Biist
A, e 4 O M IR 20 20 TERT 3 AR X 6k 8 g 3
TR (P<0.05), HAHZULEL, TR EER
(P>0.05), XFhH: 5255 K PE 5 (Gadus morhua)
AR % (Merluccius merluccius) (Lopez de et al, 2014)
MIBF A5 R I A—3, KPUVEES 5 R 5 TERT [
TEVERRRIAA B A B 2R, XM 2Z Rl Re ey 2
Sk B

4 ING

AR 5T NG 1 W S A 500 H s ) O o S i
fitf TERT LR, %58 A HIK N 2415 bp, NJ &
GEEACR 3 AT W, 4 5 S M BUE IS Y TERT
AL B A, & RN 58.28%. &3/t
T S SEHE Y BE Y TERT JE KM X 261k 22 i 208 ,
Sregpiia L, Bseeg. o L B 8L R &
TE - 2 P (B 25 IR R 5 1) A 41 20) 5 6 44141
TERT A ek it 5t 3 TRk s, 5 3ist i
E AL HEIERE S T A 5%, TERT N TE4
B A [ 2 20 2L A U i A 2 U S D 4 0
H AT EREHA—FL
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Abstract

Telomerase reverse transcriptase (TERT) gene is a key structure and major regulatory

subunit of telomerase. TERT synthesizes telomeric DNA repeats by reverse transcription of telomerase
RNA template sequences and adds them to the ends of chromosomes to maintain and extend the ends.
Golden cuttlefish (Sepia esculenta) is an annual species that dies quickly after spawning. This
characteristic makes it a potential research object for the study of reproduction and aging. In this study,
the phylogenetic and homologous sequence analysis revealed that the gene was a Sepia esculenta TERT
gene with a sequence length of 2415 bp. Quantitative Real-time PCR (qRT-PCR) was used to detect the
relative expression of TERT gene in the growth stages, spawning stages and aging stages of S. esculenta,
and to analyze life cycle differences and gender differences. The research results show that TERT gene

expression in six tissues, including heart, liver, pancreas, gill, gonad and esophageal nerve mass, showed a
downward trend, which was supposed to be related to the decline of organ division and proliferation in the
near-death stage. TERT gene has obvious specificity in different tissues of, Sepia esculenta. It shows that
the aging status of different tissues and organs of Sepia esculenta is different. The results of this study can
provide basic data for the further study of the regulation mechanism of Telomerase in reproduction and

senescence of cephalopod.
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