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Characterization of AtTERT Promoter and its Role in Tolerance to
Abiotic Stress in Arabidopsis thaliana
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('Beijing Advanced Innovation Center for Tree Breeding by Molecular Design/College of Biological Sciences and
Biotechnology, Beijing Forestry University/National Engineering Laboratory for Tree Breeding, Beijing 100083 ;
*School of Life Sciences, Pecking University, Beijing 100871 )

Abstract: Telomerase is a ribonuclear protein complex with reverse transcriptase activity in eukaryotic cells,
with significance on maintaining DNA integrity at the ends of eukaryotic linear chromosomes.The telomerase
reverse transcriptase ( TERT ) is the key subunit of telomerase.Currently, researches on characterization of the
TERT promoter is mainly focused on tumor cells, and studies of plant TERT promoter remain unclear to date.
In this study, we applied bioinformatic tools to investigate the TERT promoters of Arabidopsis thaliana (L.)
Heynh. and other plants, performed the phylogenetic analysis with TERT promoter sequences, and analyzed the
TERT gene expression through semi-quantitative RT-PCR.The results showed that the 7ERT promoter was highly
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conserved on sequence similarity in the same group of plants.The TERT gene promoter has several regulatory
elements related associating to drought, salt and hormone were found.By RT-PCR analysis, the transcription level
of AtTERT in Arabidopsis Heynh.mutants were always lower than in wild type under normal and stress conditions.
In relative to the wild type, the A¢TERT mutants became more sensitive under high salt and drought conditions,
but no visible difference under abscisic acid ( ABA ).Taken together, our results verified the prediction of cis-
acting elements of the A¢TERT gene promoter, which might be important in responses to salt and drought stresses.
The preliminary result suggestedily proved that the A¢TERT promoter regulates the A¢TERT gene transcription
expression of A¢tTERT, providing an important reference for the future research on revealing the expression

mechanism of this gene.

Key words: Arabidopsis thaliana ( L. ) Heynh.; promoter of telomerase reverse transcriptase gene; abiotic

stress ; non-telomere functions
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152 REMBEFERNAFREZHKESERA
cDNA ff BIOMIGA i 7] & $2 B R JT 51 RNA,
B B B0 10V, PR U 31 19 RNA i
A 58 B 1% 19 35 R I L TR T . RNA
e 3 A% 2 7 &+ {X NanoDrop2000 W 5 , =22 Ji5 1517
T -80 CukF# M. i i35 & [ QuantScript
RT Kit ( KR103) | F2#% 5 3RS R I+ . cDNA, HAK
A R FEULBH B4, JFF Actin 514 (3% 1) 47
PCR JJii , B iE cDNA [ it 43845 1) cDNA
TET =20 CokAEh %

153 BT AtTERT EE PCR ¥ 1% PCR ¥ 1
RZ A 25 ul: L RI#ES 4 (10 mmol/L ) 4% 0.5 uL,
10 x Mix 12.5 pL, £z 1 L, ddH,0 #hE % 25 ul, 2
O 4F R 95 CHUAETE 5 min, 95 CARYE 30 s, 3H k.
55 °C 30 s, 72 “CZEfH 1 min, 30 MG ; 72 °C ZEfif
10 min; 4 C&E U o

154 PCREHIMEXMEETENH W10 pL
PCR F=#1 53 s FE 2 1% B AR HHEE A FL KA L
1, 7E 1 x TAE HLIKZE vhil h A U PCR 747, HL I
I M it A% 2 42 ( Bio-Rad ) T 8if%, H i &5
FH Quality One # 4 Ik BEAb PR , 225 SCiik [ 32 1, A
FAGAL AL R T B A B4y v AtTERT 335 5 561
1 AR R



772 -7/ 3

fe Bt M

o
¥

Eild 20 %

2 BRESM

2.1 PEF AMTERT EEESFHHT

FH NCBI ZEZR B % AtTERT H: PR 45 46 33047 43
Br, 45 5 W 7R % £E ] Gene 1D 831548, 1F GenBank
B4R B b 7 T NC_003076.8 ( 5538180..5543657 )
b AT 5 Sk SR T8 41K 5478 bp.

16 NCBI %448 i vh, %} AtTERT & A k47 15 1)

FEXF A, $6 Y AfTERT JE[H 5" v L3 2 kb 2245 1Y)
AR 1), 3£ 4] 1 BDGP ( http: //www.fruitfly.org/
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-1625

-1555
-1485

-1415

-1345
-1275

-1205

-1135

-1065

CATTTCATCA  AAGATTCCAA

CAAGTAACTT
CATACATGTC

CATTTTTCGC
TATTAGACAG
CAAT-box

TTGCLAATITC

L of

ATGAATCTGC

GCATTTGGTC
CGTGCTGGGA GTATCCACCT
ARBE/G-Box/ G-box

AAACATAGLA CGTGEAGTAT

TTCTCATCAC  CATGACCGTT
CAAT-box

CATG CAI CTCCAACA

GAGCTTCTTC

CATCATATTG
TTTGATACGA

TTAGTGCAGC

T-box

TTGTTTGC TTCCTCA

ATCATCACAG

CAACCTTTTT

CTTACGCAAG

GAAGUACAAC

CGTCA-motil

TCCATAACCA TGCATACCAT .-\Al.'(l' TAGAGATGTC

CAAT-box

\('.-\.-\ GGCGGGCATC ACTGATGCTT

ACAGUGGTAC TGCATTCTGC TGGTTGCGCA
MYC MYC

CAAACTGHCA CATGCCACGA ccc,\

CCACATTTTG
ACGCATAAGC

TATGGTAAAA

TTTGCATCCC
AAAGTGAATC

AACATCTCAG ATAAAAGTTC GAGAGCTTTA
TCCAAGTCAC AACATCCCTT TCCTTGGGGG
CAAT-box
GCACTTAGCG 'I'A['.-\TGT.'A(;TTG.-\TT
CAAT-box
TCTATGGGAT ATTTGATGGC
LTR LTR

GATTACCATA

A ATCTCTTTAC
MYC TATC-box

GTGACTTEAT TTGRTTTEAT]

995 A.-\GA(‘ AACATCTGCC TACACACACC CAAAGCTTCA TATCCAAGTC CCCGTTGAGC ATACCCTGAA
CAAT-box

925 ATAGCAGCAC TCOCAAGTAAC AACATCCATT TTTATTTTCT CTTCCTGOAT ('T'I'("I AACCTAACAG

CAAT-box MYB
855 CATCTTCAAA CCT TGTGAATACC (‘e\G AGCATTCCAA GATACTACGT CCTTCACTGA
CAAT-hox
-785  CATGTTCGAA  AACACCGTGT TTGOCTCATC CATCATCCCA CACTTTGCAT ACATATCCAC CAAG T(..'
CAAT-box MYU
<715 CCTACAAACA TATTCTGTAT  CATCTCACTT GTGACTGCAA .-\(‘TT{'C('T AGTGAATGAG
<645 TTCCTAGGGA AGCACAAGGA GGAAGAACAT TCACAAGGGT AATATTATCA GGTCTACATC CGAATTCATT
TATA-box

-575 GGTCATCCTG  CTAAACATTT CAAGCGCCAC CTTAGGTTTG CCTAACTTITG CATAACTTTC ATAGAG
CAAT-box CCAAT-hox

505 TTCCACGATA CAACATCCCA AACAGACATT TCGTCGAACA CCTTCCGTGC .-\T(_'.-\(' Gx\.’\CG:

-435 G AATACAT

AGCAACAAGC

GCATTCCCAA

MRE
C T GGAGATAAAT

CCAGTTACCA
AGACGAAGGG

GAGAAAGCGC
GAATGTGTAA

TTTATTGGCG  CAGCCATTGT

365 GTGAGCAGAT TCTCCACAAC GAACGGAGGA TATCTCGCCG CAAGCCTTGA
I-box CAAT-box
295 TTATCCGGCG TCCATGACAG AGAATGCATA AGGCChaAka aatheacaca
CAAT-box CGTCA-motil
225 CGCCGTAGCT GCGAATGAGT GAATTICCAAT] GGTAGACACC adcarealar
DRE/CRT i ft
155 AGATACGGCA TGAGATAAGC .-\:(;.-\ GATATAGGTG GAAATGAGGT
LTR W box
85 AGGATTECGA ANGAGAGGAG TTTCTGGTGA ATAAGTTGA cdrGAGAGAT
+1
45 ACGGCGGTGT TATCTCCGGC GOCGATGTCG AGAAGAGAGA GACTTTAATC
46  GGCGTTGGGG ATGAGAAGGC GGCGGATCAT ACTACTGTAA CTAGAGTGGC
CAAT-box
116 CTAACAAAT] [CAATJFCGETT ATATCCCGGT TTTAGATTGG AAATTTGAAG
186 GAAAAGAAGA AGAAAGTATA ATAGACCGAT TAAAATTTAA AGCGAATTTC
25 CGACCTGCGT TTGCGGTTGA GTGGACGCTT TGGATAGCGT TTGTAGCTCA
36 TTTCAAAATC GCAGTTTATA GTTTCGAGAA CCCAGAAGAC CTTTAATCTC
CAAT-box
396 GACTCCATTA TCGAAGCTCG TTCACTCTTC TCTCTCTCGAGAG

T AEREESHRIGOLA  FRiT ol +1; Pl T g ih f

GGAGGAAAAC GACGGAGGAG
GGGAAGTGAG ATTCAAGGTT
MYC

(i(iTTTTG(}r\ ATAA

TACTGGTGAG
GGGTGATTTC

ATTTTGCGGC
TGCGTTTAAA

AAAGTAATGA
GGTTCGGTTT
GOTTTGAATT
CCGCCTCTTT

AACCGGATGT
ATGTGCTAAG
GTTTTGAAAT
CACACCATCA

AAAGGAGGAG GAAGGTGTAATG

ML IALE s ATG s B S5 T HEARINEAE 7T

T represents the transcriptional start site which is defined as +1, Numbers indicate the positions relative

to the transcription start site, ATG represents the starting codon, Boxes represent cis-acting elements

B 1 ATERT BahFIn=X1ERTH
Fig.1 Cis-acting elements in AITTERT promoter
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&2 ATERT BaFIRIEATH
Table 2 Cis-acting elements of the AtTTERT promoter

ol AR P38 35 PR 1 238 S LA T 22 R L FER
136 25 MYC® il DRE/CRT 90 445 i 7% 1
i 13, 7T 4 ABRE | % 8 % v 2 J6. /4 GARE-motif Fl
TATC-box"*/, Z ki b To A4 ERE"®) Je 2 K 2 0 )
TCHE TGA-element ', AN, 38 & A 2T M8 i 7T
1 ACE'™*! .G-B(b)ox"*' TCT-motif *’, K %
75 ST W AR R T ARED, A S
Wi JSE TG0 W-box 7, 5 73 A 2H U3k A SR I A2
FHITLIE CAT-box 4 , i A~ 75 43 %17 T I01F WUN-
motifs' “ FIHITIE HSE (£ 2),

P LA S 751 ke
Element name Sequence Location Function
ABRE (C)ACGTG -1192 itV TR T
ACE GACACGTATG -1476(-) S T
ARE AAACCA -999(-),-31(-) PRAE T B A R T
CAAT-box CAAT/CAAAT/CCAAT -1520, -1308, Ja R X S AR F o
-1324, -1155,
-1078, 1055, -866, 837, -718,
-665, —670, —446, -253,
-196, +121, +126, +434
CAT-hox GCCACT +90(-) 503 A R A SR E R oA
CCAAT-box CAACGG MYBHVL 25543 15
CGTCA-motif CGTCA -1567, -179 25 MeJA SR F 5 oo
G-B(b)ox CACGTG S e
GARE-motif TCTGTTG -1044(-) AR R BT
I-box GCATAAGGCC SN TR RS S
LTR CCGAAA -74,-1030, -1019 ARG P 3 T
MBS CAACTG -1149(-) S5 TRETH MYB 454075
MRE AACCTAA Z 5RO MYB 454075,
TATA-box ATTATA ok n -30 Bl R s F ool
TATC-box TATCCCA 2 5 R % R ROV A E T R
TCT-motif TCTTAC e R T R 43
TGA-element AACGAC -439, -163 AR R AR
W box TTGACC B TS S TN
ERE ANTTCAAA +317(-) LA R TE
MYC CANNTG -23,-663, -1003, -1357, T-5 KIS ABA N Tl
-1372
GT1GMSCAM4 GAAAA -1175(-) HMEER STl
DRE/CRT CCGAC e Eh AR A ST
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FH Methprimer 2.0 X} AtTERT %& X 3 31 #4753
Br & L% 9 A 24 CpG &) —N1E 1226~1519 bp

=}
(=]
L |

(=2
(=]
LI |

GCER (%)
GC Percentage
8 &

(=]
T

CeG| L0 nm v e rewmo [

24~ CpG & 4 K T 100 bp, G+C % = K T 50%,
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B2 AtTERT B3IF CpG Bl
Fig.2 CpG islands of AtTTERT promoter sequences

24 1H%Y TERT BahFRIFEER Rt

R FEoT L T AU ST T ERE, B SRR A [A]
Yokt TERT JE IR 5 3l 45 A8 4 fiE S (&1 38 4 4 ] [)
Ui 5% &, Xt NCBI 2 PHYTOZOME % 4% F¢ I v] L)
HEBNW A TERT BN )G o+ 47 17 R0,
IR 3| TERT 5K )8 5 11 # 5 )& ( Arabidopsis
thaliana ( L. ) Heynh. . Arabidopsis halleri( L. )
O’Kane & Al-Shehbaz f& Arabidopsis lyrata(L.)
O'Kane & Al-Shehbaz subsp. lyrata ) 3 4% ; Wk 7t /&
( Camelina sativa (L. )Crantz LOC104705979/
LOC104735722 )2 4¢; 3% J& ( Capsella rubella Reut.
H Capsella grandiflora Boiss. ) 2 %% ; 2= & )& ( Brassica

£3 +FIERHEY TERT B3hFIRE R TS

napus L. Brassica oleracea var.capitata L. }% Brassica
rapa L. turnip mustardlfield mustard ) 4 %%; 111 %7 32 )@
( Eutrema salsugineum ( Pall. ) Al-Shehbaz &
S.I.Warwick )}z Boechera A.L 56ve & D.L & ve Jg&
( Boechera stricta ( Graham Al-Shehbaz )) £ 1 4%,
M3 13 25 317 43 #r. A F BDGP ., Phytozome il
NEW PLACE L) &% Methprimer 2.0 7£ £& [’ uf %f
TERT Ji 8 F J3 5 43 5l % e S5 2 0 46 o5 L ) 8l F
I A I 1F ( TATA-box 1 CAAT-box 55 ) dE = 9y
138 A1 ST AE TG /F ( DRE/CRT Joff  \MYC,
GT1GMSCAM4 HSE MBS ,ABRE.LTR) LI K&
CpG S % AT il ( % 3). &R 7w, T

Table 3 Cis-acting elements analysis of TERT promoters from Cruciferous plant

- s R et CpG 3t
Species Starting site Core Abiotic stress element Num.ber of
elements  DRE/CRT MYC GT1GMSCAM, HSE MBS ABRE LTR CpG islands
Arabidopsis thaliana + + + + + — + + + 2
Arabidopsis lyrata subsp. lyrata + + — + + — + + + 2
Arabidopsis halleri — JG TATA-box — + + — + + + 0
Boechera stricta + + — + + — + + + 3
Brassica napus + + + + + — + + + 2
Brassica oleracea capitata + + + + + — + + + 2
Camelina sativa LOC104705979 + + + + + — + + + 3
Camelina sativa LOC104735722 + + + + + — + — — 3
Capsella rubella + + — + — — + + + 1
Capsella grandiflora + + — + — — + + + 2
Eutrema salsugineum + + + + — — + + + 2
Brassica rapa(turnip mustard) + + + + + — + + + 1
Brassica rapa(field mustard) + + + + + — + + + 1

+: B A 275 50 A ZIRATT; —: SRR 30 753 ezl k

+: indicates the presence of cis-acting element in the predicted promoter sequence, —: indicates the absent of this element
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Fig.4 AtTERT gene expression in wild type and AtTERT promoter mutant of Arabidopsis Heynh.
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A: Survival rate of seedlings under 150 mmol/L NaCl stress, and the different lowercase letters represent significant difference at P<0.05,
B: RT-PCR analysis of AtTERT gene expression of Arabidopsis Heynh.seedlings under 150 mmol/L NaCl stress,
C: The relative expression of AtTERT in Arabidopsis Heynh.seedlings under 150 mmol/L NaCl stress
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Fig.5 AtTERT gene expression in wild type ( WT ) and promoter mutant( S_201 ) Arabidopsis Heynh.seedlings under NaCl stress
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B: RT-PCR analysis of A¢TERT gene expression of Arabidopsis Heynh.seedlings under 180 mmol/L mannitol stress,
C: The relative expression of AtTERT in Arabidopsis Heynh.seedlings under 180 mmol/L mannitol stress
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Fig6 AtTERT gene expression in wild type( WT )and promoter mutant( S_201 ) Arabidopsis Heynh.seedlings under mannitol stress
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A: Seedling phenotypes under 50 pmol/L ABA stress, B: RT-PCR analysis of AtTERT gene expression of Arabidopsis Heynh.seedlings under 50
umol/L ABA stress, C: The relative expression of A¢TERT in Arabidopsis Heynh.seedlings under 50 umol/L ABA stress
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Fig.7 ATERT gene expression in wild type ( WT )and promoter mutant( S_201 ) Arabidopsis Heynh.seedlings under ABA stress
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A: Seedling phenotypes under heat stress, B: RT-PCR analysis of AtTERT gene expression of Arabidopsis Heynh.seedlings under heat stress,
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Fig.8 AtTERT gene expression in wild type ( WT )and promoter mutant ( S_201 ) Arabidopsis Heynh.seedlings under heat stress
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