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Abstract: Using RACE method, y-tocopherol methyliransferase (7y-TMT) gene was cloned from leaf of
Lycoris aurea (1.’ Hér.) Herb., which was named LaTMT. The result of sequence analysis shows that full-
length ¢DNA of LaTMT gene is 1 458 bp, in which, length of open reading frame (ORF) is 1 017 bp,
and 338 amino acid residues are encoded. Theoretical relative molecular mass of the protein encoded by
LaTMT gene is 37 560, theoretical isoelectric point is pl 8. 70, which is a hydrophilic protein without
transmembrane structure but with signal peptide structure. And this protein has S-adenosylmethionine
(SAM) methyltransferase conserved domain and includes three SAM binding sites. Its tertiary structure
includes 44.08% of a-helix, 32.84% of random coil, 12.72% of extended strand and 10.36% of -
turn. The analysis results of sequence alignment and phylogenetic tree show that LaTMT protein belongs
to S-adenosylmethionine-dependent y-tocopherol methyltransferase family, and its identity with y-TMT
protein from other plants is 64% —75% . In NJ phylogenetic tree, LaTMT protein and y-TMT protein from
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monocotyledon are clustered into the same large category, and this protein with EgTMT of Elaeis
guineensis Jacq. and EoTMT of Elaeis oleifera (Kunth) Cortés is clustered into the same category, their
relationship is close. The analysis result of genetic expression shows that LaTMT gene can express
successfully in Escherichia coli, and its expression increases with prolonging of inducing time of isopropyl
thiogalactoside (IPTG). Also, LaTMT gene can express in root, leaf, bud, ovary, stamen, petal and
bulb of L. aurea, in which, relative expression is the highest in leaf, and that is relative low in ovary,
stamen and bulb, with obvious tissue specificity. It is suggested that LaTMT gene from L. aurea has high
conservation in evolutionary process, the gene is mainly located in chloroplast and is related to resistance

of abiotic adversity stress.
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JFA% R A #iAk pET28a KA AT I 1A #& TOP10 FiI
BL21 b A 5 5 % ff 77 ; SMARTer™ RACE c¢DNA
Amplification Kit 4 A Clontech 2\ 7l ; T, DNA T
pMD19-T #44 [ 5% 5% i M—MLV ( RNase H™) LA -
Tag DNA FA- i BRI DIl S SR 258 % it PCR
K& SYBR Premix Ex Tag™ 110 H T T (K
) A B2 F Y RNA 2 BRI Trizol | 10 x PCR
buffer . MgCl, . Tag DNA 2 & B . dNTPs mixture Fl
DI2000 DNA Marker W [ R 5% i MEHE A= P B4 A BR
73] DNA glidb o) & 1 i A= YRk A
FRAE], 519ttt 5 B AR Y R A RA R A
B ; R R AR A B AR BRA R HEA T I
1.2 Ak
1.2.1 =R % RNA 89328 S RNA $2GK
FUULEHAS  FRIUSE 401 1) 2 1 58 FRAR BT 24 0.2 ¢, T
WRT T, INA 1 mL Trizol ¥8 ¥ 1R 21 J5 iU &
5 min; iIA 0.2 mL =5k, I35 15 s, H#E 2 ~3
min, 12 000 g #5.0> 15 min; B2 KA, IMA 2 F5ARFR
ToK B, T =20 C# & 30 min, 12 000 g &> 10
min; JIVEM 1 mL ARF3EL 75% LBk 2 o, R 5
FH RNase—free 7K i , fic i FI BT it AR B A3 4 1. 5% Bt

EWHEE I L VKRG I RNA Y43 K 528k
1.2.2 4% cDNA 8 £ Feml 5 ARG Z HEHE 5
BRI, PR y-TMT BN R B, %35 -
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(http: // www. ncbi. nlm. nih. gov/projects/gorf/ ) #& H}
TR BEEHE (ORF) |, AR ¥ pET28a #44 [F 541 4 il
Y 5 BamH 1 Al Hind T §) 51 %) LaTMT - pETR FI
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Table 1 Primer sequences used for gene cloning and expression analysis of LaTMT gene from Lycoris aurea (L’ Hér.) Herb.

5% Primer JF31(5'>3")  Sequence (5'—>3") & Application

LaTMT 3'-RACE-R1  AGATGCATTAGACCAA 3'-RACE

LaTMT 3’'-RACE-R2  GGGAAAGTTTGTTAGCG 3'-RACE

LaTMT 5'-RACE-F1  TGAATGCTGATCGGAT 5'-RACE

LaTMT 5'-RACE-F2  TCATCGGGTCGTAGTGT 5'-RACE

LaTMT-ORFF ATGCGCACACTCCTCCACACGTG P BE TP P I3HE ( ORF) Amplification of open reading frame ( ORF)

LaTMT-ORFR CTCTGGTTTACGGCATGTA Y14 I Ji% B2 2 HE ( ORF) Amplification of open reading frame ( ORF)

LaTMT-pETR ATCGGGATCCCGGTCCAGTCGAACCG  JEAZFEIRSIHT Prokaryotic expression analysis

LaTMT-pETF ATCGAAGCTTCTCTGGTTTACGGCAT JFA% K734 Prokaryotic expression analysis

LaActinF ATCCAGGCCGTCCTTTC P PSR Amplification of reference gene

LaActinR TGGAAGAGAACCTCTGGGCA YIS Amplification of reference gene

LaTMT-RTR GGGGTTAGGAGACAAAGTAT Ko LaTMT FeRIAHRT 2635 7K F Detection of relative expression of LaTMT gene

LaTMT-RTF TTTCATCGGGTCGTAGTG K LaTMT 3 H AR 2235 7K - Detection of relative expression of LaTMT gene
1.2.3 55 54 i BLASTp #2 /% (hitp: // blast. ~ BamH 1 F1 Hind I XCEGYT] | FH 30 B0 G J2 el A6 00 -

nchbi. nlm. nih. gov/Blast. cgi) #4172 IERR T 51) L XT 43+
73 FFH DNAman %F LaTMT & [ K 5 H [R5 19 HoAth
YR y - TMT 3% 1R Fr 51 k47 2 8 L X, >R A
MEGAS5. 0 4 neighbor—joining ( NJ) ¥ #E1T £ 48 F
A ; B ExPASy #14 (http ; // web. expasy. org/
protparam/ ) 7152 1 BUEIS 45 HL A FRIS AR X 43+ i
i RIKE R K P 55 5 T ZE L ChloroP (hup: //
www. cbs. dtu. dk/services/ChloroP/) & %% % N Ui fsE
K R 7R 4 B SOPMA (hitp: // npsa-pbil. ibep.
fr/ cgi-bin/npsa_automat. pl? page = npsa_sopma. html)
X LaTMT £ 1 19 — 2% 25 ¥4 2E 47 10 ; 1] SWISS -
MODEL #k 4 ( http ; // swissmodel. expasy. org/) Xif
LaTMT 2 A9 = 9245 49 3 17 B ; 8 i PROSITE
(http: // prosite. expasy. org) U4 FEXT LaTMT 25 [ )
IRESS A HEAT T

1.2.4 KWy RAz Ak & SDS-PAGE & ikibml X
FA FURL pMD - LaTMT Fl1%3 2% /K pET28a 43 | ¥E 47

[ BT =) 5 B A BEZS T, DNA i 9 il % 4 LA AR
99 40 oKL pET28a — LaTMT, R J %% 1k K o T i
TOP10 &2 401 ; 4 PCR K3iE o , #kHCBH M v e 1
PEAT I 5 B 0 96 S1F 1 0 0 55 41 OB pET28a -
LaTMT FIZ5 454K pET28a 5 A KHHFH BL21 B2 25
AR, BRI M T R TR T SR

BriEe N 25 # /K pET28a il 8 41 Jii ki pET28a —
LaTMT /) BL21 B4R 5IEEFP T 4 mL LB W iAR: 773k
HEE SR BEJE K B RCG H23) S0 mL LB MR EE IR,
HZEH 0Dy ix5 0.2, Bl 5 I ALK E 1 mmol + L'
SN R AR B (IPTG) #4738 S £ 35 YE M
IPTG #5503 .6.9 #1119 h A& 1 mL,12 000 g &
L5 min, 35 EIHFBIEIA 200 pl JoHE K R A
[EIEFAIA 50 L 5xSDS ARG M, & T8 K v o
10 min, IR FE L 20 ming B30 wL G RHEAT
SDS-PAGE # FIHLIK /34, T sk o M4
1.2.5 MR EXFWSN  TEZMEACHFREUR |
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RNA #6581 cDNA 5 LA cDNA SRR , 73 i A 4 ) 2
LN LaActin A1 LaTMT JEPR AR 140 (36 1) #0475
W92 2 i PCR K, PCR J A 2 BAF 15,0
pL, 07 2.0 pL ¢cDNA #itl 7.5 pL 2xSYBR Premix
Ex Tag1l [10.0 pmol - L™ EIEFAI RS 9145 0.1 pl,
5.3 pL HZEK P AT N 95 CHlAE M 2 min;
95 CAFE 15 s .60 CiB K 15 5,72 °CIEfH 20 s, 3k 40
MEAR, BAFEREIRE 3 RER, VARG,
FH 2728 E T A ek

2 HERFpAT

2.1 LaTMT BEEKTERERFE ST

3L PCR 478 0545 3] LaTMT 529 Bely 57—
Ui A 3" =3 A (B 1) 5 RBREAARF IS B0 7 45 ik
ERRAY 5" - A B (961 bp) Al 37 i 47 18 F BE
(956 bp) 5 LaTMT HH S HUF AT PHE 155 1 %
KM 1 458 bp 4K cDNA [F31; 4 ORF Finder 4%

{EFINI%EE P ) ORF K34 1 017 bp (& 2) , X%
B[R 194K 5 5 64T BLASTx 4307, & I8 L 4 A5 1) 7
4 EL A SR F) SR TP B 20 ( SAM) FT L7 75 i £
P, D, W T R i 44 R LaTMT AR F
1351 ORF J¥ 51 & 145 5 51 ¥ LaTMT - ORFF #I
LaTMT-ORFR , 3 D S % 5545 31 19 Z 2 cDNA Sh A
MetEfT PCR ¥4 | 715524 1 100 bp ) ORF H Bt (K
1), SHumr g R —3,

M 1 2 3 4 M 5

2 000 bp

1 000 bp
750 bpf

500 bp

250 bp
100 bp

M: DI2000 marker; 1,3; 5'-RACE; 2,4; 3'-RACE; 5. JFiltl 5 HE

Open reading frame.
1 25K LaTMT EE# PCR B4R

Fig. 1 PCR amplification result of LaTMT gene from Lycoris aurea
(L’ Hér.) Herb.

GGCCACCATTTCCCCAAAAGAAG

24 ATGCGCACACTCCTCCACACGTGCGAGCTCCCATCACTCCGCTCCCAACTTCGCATCAAGCCAAGGAAGACCGGCATCCGCCGGTCCAGT

M R T L L HT C E L P S

L R S

L R I K P R K T G T R R S S

114 CGAACCGGCCCCGAACGCGCGAGGCCGAGCCGGTCCGCACGTGCGATGGCGGCGGCGGATGATGGGCTGAGGAGGGGGATCGCGGAGCTC

R T G P E R A R P S R S

AR A M A A A DD G

L R R G 1 A E L

204 TACGACGAGTCGTCGGGGTTGTGGGAGAGCATCTGGGGGGACCACATGCACCATGGATTCTATGATTCGGATGTGTCGACCGATATTTCG

Y D E S S G L W E S 1

W G D H M H H G

F Y ps D VS T DI S

294  GACCACCGGCTCGCTCAGATTCGGATGGTCGAGGAGTCGCTTAAATTCGCCGGCGTTGGAGATGATCCTCTAAAGAAGCCCAAGAAGATA

D HRL AQ I R MV E E S

L K

F A G V G D D P L K K P K K I

384 GTCGATGTTGGGTGTGGGATAGGTGGAAGTTCTAGATATCTAGCAAAGAAGTTTGGAGCCAATTGTTGTGGCATAACCTTGAGCCCTGTT

v b VvV 6 ¢ G I G G S S

R Y L A K K F G

ANCCGTI T UL S P V

474 CAAGCTCAAAGAGCACAAGCTCTTGCTGTTGCCGAGGGGTTAGGAGACAAAGTATCCTTCCAAGTTGCAGATGCATTAGACCAACCTTTT

Q A Q R A Q AL AV AE

G L G DK VS F Q

VA D A L D Q P F

564 TCTGATGGGGAGTTTGATCTAGTTTGGTCCATGGAAAGTGGAGAGCATATGCCTGACAAGGGAAAGTTTGTTAGCGAATTGGCACGAGTA

s b GG E F DL VWS ME S

G E H MP D K G K F V8

E L A R V

654 GCAGCACCTGGGGCTACCATAATAATAGTGACATGGTGTCATAGAGATCTCTCTCCTGATGAAGAGACACTACGACCCGATGAAAAGAAT

A AP G AT I I 1

vV T wW ¢ H R D L S

p D E E T L R P D E K N

744  CTTCTGAATAAGATATGCAATGCATATTACCTGCCAGAATGGTGTTCAGCCGCTGATTATGTCAAAATTGCCCAATCCTTAGCACTTAAG

L L NK I €¢C N AYYL P

E W C S

A A DY V KT A Q S L A L K

834 GATATCAAGACAGCCGATTGGTCAGATAATGTAGCACCATTTTGGCCTGCTGTCATCCGATCAGCATTCACATGGCGTGGTTTTACCTCG

DI K T A D W S

D NV AP FWUP AV I R S

AF T WR G F T S

924 TTGTTGCGAAGTGGATGGAAGACGATACGTGGGGCACTTGTAATGCCACTGATGATCGAGGGCTACAAGAAGAATCTATTCAAATTTGCG

L L. R S 6 W K T T R G A L

vV M P L M1 E

G Y K K N L F K F A

1014 GTCATTACATGCCGTAAACCAGAGTAATCACATATCTTTACAAAATTAATTGCACATCATCGCACTGTTCTTAGTTACATAAAATTGTTC

v I T € R K P E =

1104 CTGGGCAGAATGGGAAAGTGATGTTGCTATTGTGGAGGTATTAAACACTAGTTATCGACGAAATCCAAGATGTATAATGTACCAGAAGTA
1194 GCAAATTTCTGTAATGTGCTTAGGTCTTGGGATTTTTTCTTTCTTTCTTTCTTTTTTTTTTTTTTTTGTGTGTTCGCGTTCTTGCGCTGG

1284 AATTGGTGGGCCTTCTTTAGCTCACAGTATGTATACAAGCCATAGTCTTAAAACAGTTCAACATGATTGGAGTTGGGGCTTGGAAATTCT
1374 GTAAACTCTGAGATAATTTTCAAGTTTTATTAATAAATAAGCAGAACTTGTAGTAGAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

# o 2 L% F Stop condon.

B2 2K LaTMT ERERKEEFRFIIRERBHIERFT

Fig. 2 Full nucleotide sequence of LaTMT gene from Lycoris aurea (L’ Hér.) Herb. and its amino acid sequence encoded
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SR, AF . MR y-LE T B W IR RN LaTMT W) yE 5 238 07 5

2.2 LaTMT ERHBHNEERFINEMERE
S

XF LaTMT &K Gt fith 1Y) 2 FE R I 91 1Y) 43 B 246 R 3R
W] LaTMT #5417 338 N2 MRk (K 2) , #ip
FEXT 73 i 37 560, #E4F HL i pl 8.70; LaTMT £
FITE N Ui 44 DL S K 76 LaTMT 25 1751
o, 41 ~ 338 37119 298 N SEIR H AT SAM -4 14
y—H= B T LA R I (SAM_GTMT) 4 HE (18 3) .
AR % b B 3 A SAM 454067 5, 43 AL T
120 ~129 183 ~ 191 #1210 ~219 fi & Kb, — 2
SERTIN 25 B R R A A A R o - B2 5E A

VCRZPS51581
Hits by PS51581

SAM_GTMT

100 200 300 400

GIERRAL

Amino acid site

LaTMT

—

41~338: SM{E=142.637 Score=142.637

AMRSARAMAAADDGLRRGIAELY DESSGLWESIWGDHMHHGFYDSDVSTDISDHRLAQIRMV
JINREESLKFAGYVGDDPLKKPKKIVDVGCGIGGSSRYLAKKFGANCCGITLSPYQAQRAQALAV

TCHRUNG Ml DL Kb 2 1 B - R0 AE il i 5 S A4 I
LaTMT 2 1 B 25/ i A0 55 44. 08% W) a2 TE |
32.84% W TCHL N4 1 12. 729% R AE 4 A1 10. 36%
i B-HE A1

LI PDB 048 1% H B9 23 ( Galdieria sulphuraria P.
De Luca, R. Taddei et L. Varano) JLZ MR _—H R H R
Mg W EREE RE i M B AR (L5 LaTMT & 11 09 [ 544
23.99% ) , %} LaTMT # B9 = a5 R A7 JE A, 4521
(El4) R LaTMT EA S AR Z M o-180E 8-
HiGb8,

SR Bt 2R 1 7 T R SR R Bl (2 TMT)

S-adenosylmethionine-dependent y-tocopherol methyltransferase (gTMT)

500 600 700 800 900

1 000

IOWA EGLGDKVSFQVADALDQPFSDGEFDLVWSMESGEHMPDKGKFVSELARVAAPGATIIIV

P AW TWCHRDLSPDEETLRPDEKNLLNKIcnAYYLPEWCSAADYVKIAQSLALKDIKTADWSDN

W VAPFWPAVIRSAFTWRGFTSLLRSGWKTIRGALVMPLMIEGYKKNLFKFAVITCRKPE

TRIZEF R SAM 456 17 s Y & LR FEHE The underlines indicate amino acid residues of SAM binding sites.

3 B LaTMT BEERBHSERF FIH IS5 47

Fig. 3 Functional site analysis on amino acid sequence encoded by LaTMT gene from Lycoris aurea (L’ Hér.) Herb.

N-termina

El4 Zih% LaTMT EAMN=RLEH
Fig. 4 Tertiary structure of LaTMT protein from Lycoris aurea
(L’ Hér.) Herb.

2.3 LaTMT BB H S BB FF 5 #Y B R & it
ot

X} B LaTMT SEIR it () 42 3 18 )7 51 5 oAt
TYIH y-TMT & R EIR 7 9 34T L X, 253K
B . LaTMT 535 ( Elaeis guineensis Jacq.) i} EgTMT |
SENIHER [ Elaeis oleifera ( Kunth) Cortés ) B EoTMT
iR ( Gossypium hirsutum Linn.) ) GhTMT A5 Jist #
( Hevea brasiliensis (Willd. ex A. Juss.) Muell. Arg.) {9
HbTMT 7] A] ( Theobroma cacao Linn.) fJ TeTMT /N3
( Triticum aestivum Linn.) [ TaTMT Fl1 % 2k (Zea mays
Linn.) ) ZmTMT 88—k 64% ~75% , ZH LR}
LEIR(BE 5) SR BHIZE LaTMT K 4 14 2 SE R
G5 FRFEY) y-TMT 25 0 2 5 R 7 91 HAT BRI
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D
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E
8 Q
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S E

0NN W= 01D W= 0N~ W~

LK o AN LS| o R/
LMK G ARCBG RISl ol
LMK G ARCBGIRIL s R
ARk G ARG ISl o XER
/ AIKIGAECQG]SLSPF R
ARG ARCRG IR sl (o IXER
rLANK G ARG ISl o N8R
LARK G ARG IFILslP o N8R

KNEBNKI @NES@ESE 6N A
L NEBNKI @NES@EEZANON A
L NEBNKI @NES@EEZANON A
KK

LIARYIRCINA Y YL{PESWCISEN
KAH[BKKI @DES@ERZE OGN A
KKEBNR[ @NES@ERZE OGN T
LNEBKKI @DES@ES3DIION P
LS BEKR[ @DENREEEDNEN P

1: B Lycoris aurea (1.’ Heér.) Herb.; 2 iM45 Elaeis guineensis Jacq.; 3: MM Elaeis oleifera (Kunth) Cortés; 4. Bt Gossypium hirsutum
Linn.; 5: $BEH Hevea brasiliensis (Willd. ex A. Juss.) Muell. Arg.; 6: T 7] Theobroma cacao Linn.; 7: /N& Triticum aestivum Linn.; 8 FK Zea mays

Linn.
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Fig. 5 Result of multiple alignment between amino acid sequence encoded by LaTMT gene from Lycoris aurea (L’ Hér.) Herb. and
y-TMT amino acid sequence from other species
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1. K# Hordeum vulgare Linn.; 2 . INZE Triticum aestivum Linn.; 3; /K
Oryza sativa Linn.; 4; EK Zea mays Linn.; 5; Z M5 Lycoris aurea
(L’ Hér.) Herb.; 6: ili%¢ Elaeis guineensis Jacq.; 7. FE MM Elaeis
oleifera ( Kunth) Cortés; 8: Solanum lycopersicum Linn.; 9. T 4% B
Solanum tuberosum Linn.; 10 Carthamus oxyacanthus Bieb.; 11; £I7E
Carthamus tinctorius Linn.; 12 [1] H 2% Helianthus annuus Linn.; 13 ; 581
Lactuca sativa Linn.; 14 KF. Glycine max (Linn.) Merr.; 15. $EEETH
Medicago truncatula Gaertn.; 16 B KR Lotus corniculatus Linn.; 17 8
FEIF Arabidopsis thaliala ( Linn.) Heynh.; 18 XM I 3% Brassica napus
Linn.; 19 B Gossypium hirsutum Linn.; 20 ] 7] Theobroma cacao
Linn. 433 F %4 18 3 A J& {8 Datums above the branches indicate
bootstrap values. 1 . B A ) Monocotyledon; 1 ; XU 5 M- K
Dicotyledon.
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Fig. 6 NJ phylogenetic tree of LaTMT protein from Lycoris aurea
(L’ Hér.) Herb. and y-TMT protein from other species
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Fig. 7 SDS-PAGE electrophoresis pattern of pET28a-LaTMT of
Lycoris aurea (L’ Hér.) Herb. expressed in Escherichia coli
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Fig. 8 Relative expression of LaTMT gene in different tissues of
Lycoris aurea (L’ Hér.) Herb.
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