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AL A% B £ A R B¢ 4 & Al RNAiso Plus i 1,
TaKaRa 23 7] ; cDNA 5 551857 &, TaKaRa 24 7
PCR,PrimeSTAR® HS DNA Polymerase, TaKaRa
AN I ETBGR & DNA Gel Extraction Kit, Ax-
yGen 2\ Fl; qRT-PCR i #] &, TransStart Tip
Green qPCR SuperMix, Trans 23 ) ;2 X Taq Mas-
ter Mix, SimpleBio,
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WA B AR AT TSI B N A e Sk T
T AR R 8 IR L, 1 5 b R T e SR B
24 h 4R 1 RIS, RAFUEACH T3 A . 48 h
JERIARE 1R DA d, A 4 SR,
Wi 1 RAEEDR AT, PR 1 ~4 3 N il
% 256~30 3k, 8 NFREF 20~25 Sk BT TE#M 1.5
mL TGO LT — 80 CUKFE AR A L RR IR I
RNA, 550 3k 4 %% b5 TR =X 0 s -
HEAT At ) R A ) A5 B 0% Sk AL M L 4l T
1.5 mL JoBg &0 T — 80 °C ok A b IR A7 L i
HECRNA,
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W& AR 95 °C AR 4 min, 95 CAEHE 20 5,55~
60 ‘CiBk 20 5,72 C #Effi 2 min, 35 PE A, )5
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TERT Z:H % CDS J¥ 51 . M 8 3845 9 17 9045 2 A
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ANPEE, Bl R 2 kMY g AT L LU A
TERT B:RTEA R AH L AR S A XS Rk i
1.8 MBS oA

FIH SnapGene BAEXT 51 /0 00 77 14 B 7847 A
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crosoft Excel 2010 #4178 # , F| ] SPSS 20 &k {4 i
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Table 1 PCR,qRT-PCR primers 2 _n%—%ﬁ*ﬁ
b ARG 21 NG TERTEEGBEEBRFI R R
Primers Primer sequences(5'-3")
TERTF1 CGCCGTGCGAAGGTAAATAGTTTC *ﬂﬁ*ﬁ
TERTRI1 TTCAATCGTCGCTCGGCCTT IE o A SO RE PRI )T, A N8 N TERT
TERTF2 CCGCTGGGCAGACACGTATA % ( Accession number: MN381841) J*%* 5'] JE/Q E ﬂ\j
TERTR2 TGGCCGCGTTCAACCGAAAT
e s A O A (T 2 658 bp, HH A th % % + 5 2 1L % 15 24 &% 7
TERTF3 AATCTGGGACACGGTGCGTC
TERTR3 CGGTATGGTGGTAGGGGACTGGG J¥ 30 v RVa 2 A SE3E Y CDS ¥ 31 . )88 40 BT 7w
qRT- TERT F CGACCGCCGTGTCGCATTAG 1}%@%%@ 885 /l\’ﬁ%ﬁz‘i( [z] 1, >|£7J‘ TERT /ﬁ%
qRT- TERT R CGGTATGGTGGTAGGGGACTGGG NP
A A RS, . BRIFFE A PSIPRED #F47 — 4549 7 B . & 8 H:
qRT- e¢IF F ATGGCCAAGAAAAAAGATTCCGAAAAGC
— 1 A »rs N 2ps
GRT- ¢IF R ATCAACTACAGTTACTTCTTCTTTAACCA — —REHE 41 4 o BRIEFN 60 45 M 4R HE (&l 2)
10 20 30 40 50
1MPIANTNKFVTNSLLEFLLLAAQPPETLFAMD&AVLRDLNSV]VCVDVQV50
5] FYRNRGGADGPAVGLDEFVLYCDSKIQPQLVGGEVDVGARNGYRCLITVSs 100
101 DLI RMEPWAQLYGI VGPRVMRRLLFDCLLEVPLGRHVYYCVQSSSQSTNR 150
151 YEVI QAFRARAGARWKAERRLEKSKPSSQI YFNISALLRDVQPIGRQDS AD 200
20l MLRAT LTTDVVSITTDNLPSAKLDIAGVKCLDRLAQKLKVIADKDTSGRIY 250
25] WNI YRDTVGDCALAEVPLSRVKSFARAVVHKIVPRELFGTAGNRDQFC CDN 300
30l LCRVLNGGKFHDYTVQHVVHKI KVKKI KWLERVASDRQAEIVAKTLVWLT 350
351 NVEVFGRIVHCFRIVTTTTPNNGVVYVAKAKWADMCHEKLAPLLAADSEF 400
401 FRQTI QPDERETSSSYRNWKI CPYAKPNGVRLIFKLRRKEGGSEKRLTDDC 450
45] LTFLRCLSRTRPSEYRSVTRPEFFRGWKALQESQRLPSATTLFYVRTDFR 500
501l DAFTSFVHDKLRTVIRDRI KEHFGKKQRMVSVHTVDVVKIGGGTVYYKEKL S50
55] RYVGGLPTPEFQGGSLVFHDKTELVPLFERI WDTVRRCIGCNAVERRGSRWG600
601SMTRGVVQGDRLSVALCDLLLSDLHlARLTDLVDGQSGSRLVRFVDDVLF650
651 VS PNRDAALRYLTTMRAGFDEYGLRLNRCKTETNVDNGGVGGETVKFLGF 700
701 RLNAVTGEVAKDLSTYRNRRPLHFFDYKLGRGQPGRALYAKISRPSWLTI 750
751 PsVLIGKSFENSAATVARNVASVVAYKAFAIVSAVKQYFLHLNPVFLANTYV 300
801 RG61 ARI MYANARAVI QYSAITPMQCKWI VYEVYATMFHTHFESPNDRRVAL 850
851 AVHQI RDMQAAVGRKCVTRILAAALRRYDYTTMFG 885
10 20 30 40 50
E1 #FMFTERTRBEERFE
Fig.1  Amino acid sequences of TERT in L. erysimi
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Fig.2 Predicted secondary structure of TERT in L. erysimi
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JP41 5 NCBI - 2 22 A 4 Al B2 s i Ao it 2 5k iR
AN EAT R VR M L%, Blast 25 5 R, 8 b B sk
it P 1 55 A H R BRI (8 3)

FIH MEGEX 8% Ho e 47 R ge Ak & & 73
Brog5 R WoR 3 ki ilf TERT He[H 5 2 W2
WF Diuraphis noxia TERT R )X & &L, 58k

W Myzus persicae . %8 5. 8F Acyrthosiphon pisum
M TERT B2 R IR M8 . 5453 Halyomor-
pha halys . & 15 VI ¥ Megachile rotundata [A] i
PEEAR (B 4
23 il TERT EEEE NFARKRPRTE
HARRIEH

SR S SR TERT JeH (51 9 #1149~
WRCRWRI , 45 R B8 . qRT-TERT 5199 3%
HE=104.5%,R*=0.964;qRT-eIF 5| Ha %
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Ok I & GenBank % 5 %5 Origin species of proteins and their GenBank accession numbers: # X & % Diuraphis noxia (XP
015365598.1) ; BEWF Myzus persicae (XP 022177477.1) ; i 9 Acyrthosiphon pisum (XP 016663579.1) ; K K45 & W Rhopalosi phum mai-
dis (XP 026806981.1) ; i 32 4F Melanaphis sacchari (XP 025196581.1) ; #yUF Aphis gossypii (XP 027845459.1) s H #EA BT Sipha flava
(XP 025417658.1) ; 25 W% Halyomorpha halys (XP 014291834.1) ; & 18 VI M- Megachile rotundata (XP 012138474.1), & 4 [i] The same
as Fig.4.
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Fig.3 Alignment of TERT sequences of L. erysimi with other insect species
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Fig.4 Phylogenetic tree of the TERT from L. erysimi and other insect species

E=95.0%,R*=0.998, %t it PCR &5 R WK .
vipki i TERT 5& K AE % N WF &S 0 0 # A Kk
(B 5A) JH TERT S 788 b Wf i dut 3635 &
fowr s 4 WAy BB R GR R ERI BRIk S
SRR B AR EFEZR, 1H.2 #.3 §.
A a7 B K B I R R i 400 Sl 0,82 £ 0.05,
0.5540.05,0.53 4 0.05,0.46 +0.05,1.04 £ 0.03

£ 1o0F

FHX Rk
Relative expression level

0.0

Adult

# I Instar nymph
% BBt Development stage

(df=4,10; F=31.09; P<C0.01), ¥ikifif TERT
SERTE S g k3R M &6 L I 1 A 8 (E 5B) .
Hrh TERT BNAE# N WF kA3 35 i A ik, M B ik
Z L EA R IR B, B R S LRIk B A
EE2ZE R SRR S A S R i 3Rk B4y i
4 0.6940.09,0.874+0.17,1.1440.12,1.0540.03
(df=3,8; F=3.105;P =0.089),

HHA LIk
Relative expression level

; W om o s
Head Thorax Abdomen Whole body
414 Tissue

BN R R R R A FEE AR R 4140 TERT LB (% k| B B #2555 (P<C0.05) . Different letters on the column indicate signif-

icant differences in the expression levels of TERT at different stages (P<C 0.05).
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240 Bl 22 70 24 15~60 U B I R L SR T A 1
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ik, W H TERT 5N Y A XF £k #AR WS T

TERT EREZ NFARZEME (A RAFAAR (B)WERRETH

Differential expression of TERT in different stages(A) and tissues(B) of L. erysimi

L 2 3 4 A, B 2 8 03 % 4 i il
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PEL X NI RS AR KR B Y BB AT S

i L T AE R 22 B0 0 I A R ek A R )RR R
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A B AN e AN AR RS AT K K T i R R T R
RO R SE B R AR B H R A R R
A W4 N o AT A ) L DA SR S o ECR T 3 H
RIS sk il TERT B M 2k 00, B &
ARSI E 4 048 N W A Sk 305 L g 30 350 A6 ) 3]
TERT WL LAY Mg EREF SR D
ki ff TERT B:PREH & A HANAHA EZIE .



% 6 3]

AP . W DR R TERT SN %€ 5 R IB 13

M4 %% NIFFF RO E TERT R A . X
FIRES 4 W8 DR R LA N B AR B A
AKX,

FATX TERT A 0y it — 25wl 5¢ % BE . K 5. 19
¥ N TERT FERUUERIG . & M IFAR P BLFE T30
S HIR BT 88 CR R RE . B 3 1y AR
PEHASZE B WK 8 NF TERT 25 5 HoAb 0F
TERT J7 5 [F) WEPEAR & , 7] B A 2 DX 48k iy ] 3 AR
ik, M50 AR 2 FH MR d i 57 5] 8T L,
FoATIHE 5 A A= TERT [ MR, %
T RER Sy F BRI R IRATT AT A AR S
b A=y ) V5P AR B4 DX R4 Sy i R TR A A X
BB E YR TERT 508 N 4E 5 M (ol L b 157
RS TERT B dsRNA % 5 K VE 9, ok B i6
dof R e . DT i R e oA 2 B A s B —
ER N InF i

£ Z it References

(1] 3 305 ARk w45, Bkt 80 N OF 9 B P 25 5 R R i) 5
GeRi[ )], W 2 AR, 2004,13(1) . 77-80. HU L L, LIU
Y,XU H F,et al. Intra-and interspecific relationship of Myzus
persicae (Sulzer) and Lipaphis erysimi (Kaltenbach) on cab-
bage[ ] . Journal of biosafety, 2004, 13(1):77-80 Cin Chinese
with English abstract).

(2] XWAE . #¥Z. B 8 M RFHRRSREM LRI M
YR 24, 1990,17(2) : 169-175. LIU S S,MENG X D. The
relationships between temperature and development rates of
Myzus persicae and Lipaphis erysimi[ ]].Journal of plant pro-
tection, 1990, 17 (2): 169-175 (in Chinese with English ab-
stract).

(3] KBKIA, 2= e, Sk KA A5, 4 IS o o S0 TR0 0 OG0 000 o 4 22 5
SAATL) DA i Rk K 22 22 4R, 2019, 38 (4) : 40-44 ZHANG Q
Y.L1Z,ZHANG H J,et al. Transciriptomic analysis of winged
and wingless Lipaphis erysimi (Kaltenbach) [J].Journal of
Huazhong Agricultural University,2019,38(4) :40-44 (in Chi-
nese with English abstract).

[4] RGE AT e, S A0 gk 55 R 06 R i OF o E e [, AR
PPy S 45 A 2R 75, 2003,12(18) : 2020-2021. SONG J, HE L H.

Research progress on the relationship between telomere telom-

erase tumor[ ] |. Modern journal of integrated traditional chi-
nese and western medicine, 2003, 12(18):2020-2021 (in Chi-
nese).

[5] AKIYAMA B M,STONE M D. Structural biology:a solution
to the telomerase puzzle[ J]. Nature, 2013, 496 (7444).177-
178.

(6] WEGE . meHh, 5K mHh. i kL, s b 6 R ORE A i 2 (). N
S RO R 2 R (R B 00D 4 2006, 21(2) :188-191. CAO
R Z,XUE Y,ZHANG L W. Telomere,telomerase and tumor,
cell senescence[ J]. Journal of Inner Mongolia University for
Nationalities (natural sciences edition) , 2006, 21 (2):188-191
(in Chinese with English abstract).

[7] SASAKI T, FUJIWARA H. Detection and distribution pat-
terns of telomerase activity in insects[]J]. European journal of
biochemistry,2000,267(10) :3025-3031.

[8] KORANDOVA M,KRUCEK T,VRBOVA K,et al. Distribu-
tion of TTAGG-specific telomerase activity in insects [ ] ].
Chromosomeresearch,2014,22(4) :495-503.

[9] ROBERTSON H M,GORDON K H J. Canonical TTAGG-re-
peat telomeres and telomerase in the honey bee, Apis mellif-
eral ]]. Genome research,2006,16(11):1345-1351.

[10] ZEfH, TR M, 4. R RNA $2BU07 2% A8k AE L #2010,
HHAR.2018,43(6) :431-435. LI R R, WANG B,HU S, et al.
Comparative evaluation on different RNA extraction methods
[J].Forensic science and technology,2018,43(6):431-435 (in
Chinese with English abstract).

[11] LIVAK K J,SCHMITTGEN T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 2(-Del-
ta Delta C(T)) method[J]. Methods,2001,25(4) :402-408.

[12] CONG Y S, WRIGHT W E,SHAY J] W. Human telomerase
and its regulation[ J]. Microbiology and molecular biology re-
views,2002,66(3) :407-425.

[13] BLASCO M A. Telomeres and human disease: ageing, cancer
and beyond[ J]. Nature reviews genetics,2005,6(8):611-622.

(4] si i i i L AN o b B 265 4 55 1 HT A o ke [ . 1% i st
¥,2018,19(8):2-4. ZHANG H Y. Research progress of te-
lomere and telomerase structure and function[ J]. Information
recording materials,2018,19(8) :2-4(in Chinese).

[15] KOSEBENT E G,UYSAL F, OZTURK S. Telomere length
and telomerase activity during folliculogenesis in mammals[]].
Journal of reproduction and development, 2018, 64 (6):477-
484.



14 BN N A = = %39 %

Identification and expression of TERT in Lipaphis erysimi (Kaltenbach)

ZHANG Xinze,ZHANG Huijie,ZHOU Yicheng, LI Zhao, WANG Heyuan,ZHU Zhihui

Hubei Insect Resources Utilization and Sustainable Pest Management Key Laboratory/
College of Plant Science and Technology s Huazhong Agricultural University sWuhan 430070,China

Abstract The Lipaphis erysimi (Kaltenbach) is one of the agricultural insects endangering crucif-
erous vegetables,and it has a rapid propagation speed and is distributed all over the world. Telomerase
reverse transcriptase (TERT) is a catalytic subunit of telomerase,which not only can induce telomerase
activity to affect cell aging and apoptosis, but also has other biological functions besides telomerase de-
pendent. In order to clarify the mechanism of the telomerase reverse transcriptase (TERT) in insect
growth and development,the TERT in L. erysimi (Kaltenbach) was cloned and its spatial and temporal
expression was analyzed. According to the local transcriptome library, the related sequences of TERT
gene of L. erysimi were screened,and the CDs sequences of TERT gene were cloned by gene amplifica-
tion. The full-length sequence of the CDS region of the gene is 2 658 bp,which can encode 885 amino acid
residues. Its secondary structure contains 41 alpha-helixes and 60 coiled coils. After uploading it to the
NCBI,it was found that the gene has the highest homology with Diuraphis noxia ,and has low homology
with other species. The relative expression of TERT in different ages and tissues of L. erysimi was ana-
lyzed by real-time PCR. The results showed that the relative expression of TERT gene in the adult stage
of L. erysimi was the highest,and there were significant differences with each age. The expression level
of 1% instar nymph was significantly lower than that of adults, but significantly higher than that of 2™,
3" and 4" instar nymphs. The expression level of 4™ instar nymph was the lowest,but there was no sig-
nificant difference with that of 2™ and 3™ instar nymphs. Subsequently,the 4™ instar nymphs, which is
basically mature and has the lowest expression level of TERT gene,was selected for dissection. We were
able to simultaneously detect the expression of TERT gene in the head,chest and abdomen of 4™ instar
nymphs with the highest expression in the abdomen. These results suggest that the TERT gene plays an
important role in the growth and development of L. erysimi,and the region with low similarity can be
selected as the target region for gene interference or silence so as to control the major harm caused by L.
erysimi in agriculture.

Keywords telomerase; telomerase reverse transcriptase; Lipaphis erysimi; gene clone; gene ex-

pression; biological control
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