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Cloning and expression analysis of MPBQ MT gene in safflower
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Abstract: Objective Safflower (Carthamus tinctorius) is an important natural source of vitamin E. 2-Methy-6-phytyl-1,4-
benzoquinone methyltransferase (MPBQ MT) is a key enzyme in vitamin E synthesis pathway. MPBQ MT gene was cloned,
bioinformatics was analyzed, and expression was analyzed to provide the foundation for the biosysthesis and regulation mechanism of
vitamin E in safflower. Methods According to the intermediate sequence obtained from the database of the safflower seed, MPBQ
MT gene sequence was cloned by RT-PCR and RACE techniques, and the protein characteristics were analyzed using bioinformatics
and constructing phylogenetic tree. The expression of MPBQ MT gene in the different development stages was analyzed using real
time-PCR. Results The full cDNA sequence of MPBQ MT gene was 1 392 bp, named CtMPBQ MT, contained an open reading frame
(ORF, 1 038 bp), and encoded a protein of 345 amino acids with a predicted molecular mass of 38 900. The conserved structural
domain analysis showed that it had the typical functional domains of SAM protein. Sequence alignment and phylogenetic tree analyses
showed that the MT MPBQ gene had some homology with other amino acids, and among them CtMPBQ MT had 89% and 86% of
consistency with MPBQ MT of Helianthus annuus and Lactuca sativa. The expression of CtMPBQ MT gene in safflower seeds at
different development stages was determined by quantitative real-time PCR, it was found that the highest expression level of CtIMPBQ
MT gene was detected in 50 d after flowering. Conclusion MPBQ MT gene of safflower is successfully cloned, analyzed, and
expressed, meantime a basis for the study on matter in the synthesis and regulation of vitamin E is provided.
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35%M i B H W IR KRG 2% Bo AT 25 H]
YerE B EEREGENRR YR8, HE, R
R RYEAE R B IR D, BRI, AR K,
Wi EXPRR YL 25 B i SRk KB, (A,
FHEER TR ML S EDh 425 E =,
Sk RARYEAE R B SRV, O H TR 4E A
# E Rt

SR AEA 32 B BT 0 R E ) R 1 b BLAR 4
BFEEMEERE, (SRR b R YRR
#E At -2 By, 8-2EH WA 2wl A AR
HAYEHARMG, AWis s g b % E s i
o’ EEWM y-EE Wy, 2- T IE-6-N 4R -1 4-TK R
FILE B (MPBQ MT) 2 4E4E % E & kg
(R Ch 2 —, fEAL 2-F HE-6- I 4 -1 4- 2K I
(MPBQ I H 364k, 774 2,3-— F L -6-1- 4 Jk- 1 4-
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B, {H MPBQ MT FE K J LI RERFFTE R WAR
18, AW B AR )P E AR (Illumina/Solexa
sequnceing) W LLAEAEIE I L S AL REA TR, I LA
WP SCPEA 2R IA ) Uingene78404 i Bk LA, F)
i RT-PCR Fl RACE $i K% [%4{t MPBQ MT
(CtMPBQ MT) J:[Xf#) cDNA 41, Fxf M1t
TG BF b I8 30T, RN T i MPBQ
MT JERITER AR N RIS R AR 44 2% E AR
WAL IR IR PRI BT JeAl, AL DR B H
Ve S i 42 3R E R LR R ) s 6 B S
1 #R55E%E
1.1 ##

ZUARRE AR B RO =R S, 28 Rk
MR 2 A B i 4 5 4 Ae Carthamus  tinctorius
L.. BUFESG 5. 15, 302 50 d [R3BrieRs 11 ik
3T, LSS 50 d Fh1 Q@R P-1) 37 MPBQ MT
FERTORE . BYEIEAD, BOFTEER T, IR,
BT S T80 CLRF#H
1.2 RNA 1ZEUFA cDNA &%

AT AER T B TWE R IE, & RNA 1REBUT
A Trizol WAL BT, $REUG T4l &
WHEME; JFT-80 CIRI7F%H. cDNA £ B
Biotek ] [ sl R @A EIEAT, A=) 0
BAL R B T-20 CHRAEHR .

1.3 MPBQ MT &R H[& ¢cDNA F58) 5 &

FRYE Solexa WIFFHRAF LI AL e S AP A i RIA
) Unigene78404 (480bp), &5 IHBeit s, KA
I HAT Primer 5.0, X214 E 41T 41 (1)
MPBQ MT HEFFHI BT LA 5% J5 1) cDNA b
PGS T 1H] cDNA 741/ PCR 978, [NV4At: 94
CHIAEYE 5 min; 94 ‘C. 30s, 62 ‘C. 1min, 72 C.
2min, 35 /MEFF; 72 ‘C. 10min, 4 C&ILRWV.
1.4 ZI1£ MPBQ MT E[E £ 1K cDNA % [&

HLHE CL6IE IR 2048 MPBQ MT JLpx| v ja) 1 B,
54 SEL 5R A1 3F., 3R (£ 1), 2 Race
KA EHEAT S"RACE 1 3’RACE. H¥5 3 BF4IPf
FARTHI 2K cDNA JP AT E R A K 5 [ (GR 1D,
4% H I EE R 142 K cDNA X PCR P4 #EAT IR,
%42 pEASY-T1 Vector, FF4% At DHSo A2 7440 Ml
WL WE BRI S, BRI (LR VR A IR, FRIR
JFORL, PCR. XY % EA 7, ARy (kb
WE T A TR A IRA R RO,
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F1 AWMRIELOE CtMPBQ MT £ F & RT-PCR FT A RIS #1551
Table 1 Primers used for cloning of CtMPBQ MT gene and RT-PCR

ElEZEEES

SIAFELIH (5°—37)

] B 14

5’RACE #1 3°RACE 5|#)

BNy

qRT-PCR 5|4

18 S rRNA #£[A qRT-PCR 5|4

MPBQ MT-F: AAAGGAGCCGTTGAAGGAAT
MPBQ MT-R: ATGGCACCCAGAAGAAATCG

5F:

5R:

3F:

3R:
Ml1:
M2:

CCTTCCCTCCTATCTTTAGAACCCTG
GTGGGTCCGGCCAGTACTCGATGC
ATCAGAGAAGCATACAGGG
ATCGGCCCAAAATGGTATC
ATGGGAAGAGCTCCTTGTTG
TCACAAGTTCTCATCTCCATC

qMPBQ MTF: ATTCAAACCCACGGCGAAG
qMPBQ MTR: TCTTGATACCTGGCCGGAGAT
18 STRNA-F: GAGAAACGGCTACCACATCCAA
18 STRNA-R: TCGTTTGAGCCCGGTATTGTTA

1.5 £MEEFESN
ORF Finder {E&% /457 MPBQ MT 2
cDNA [JTFI I BHE CORF) 540N R LR P41 o
FEIRTFI TC KK A=K7 4138 i BLAST %% NCBI
(R BRI PR £ 7, JFif i DNAMAN #f:
B EIE IR 51, FIH DNAMAN 845 R IE T
FRFEPI Y MPBQ MT [AH G 24 518 17 41 254 T [F) U5
et o AN 207 e S HAR S A (pDD) F SR
ExPASy 7E 2k /IR 45 %5 1f) Compute Pi/Mw T H, 2%
2E RN AE A Dublin K2% 1) Porter k45575, — 24k
Ry T Ag ] Swiss-Model IR45%%, 45k ThREEE > Hr
K H ExPASy 7E£k 45 %% Prosite Scanprosite.
1.6 411 MPBQ MT EE Rk S

HUFAE A 541523050 d FIBTH LR 32 HL RNA,
I e %k cDNA FT- RT-PCR 4341 %2 & PCR %
[NAAZ: SYBR Premix Ex Taq (Tli RNaseH Plus)
(2X) 10 uL; B RIS (R 1) %5 0.4 uL; ROX
Reference Dye I1(50 X ); DNA ##) 2 pL; ddH,0 6.8
ulo KNZcAT: 95 CHIAEME 30s; 95 CAEE S s,
60 ‘CiE‘k 30s, 40 MEIF,
2 HRE5NH
2.1 RNARE.4E K MPBQ MT £ & 1 5 cDNA
F5e) 5

FIFH NanoDrop 73 HTCHEAT RNA 4l 5 S 4 FE I
5E, RNA FIREEAE 1 000 pg/ul 2247, H. Aago/Aaso
1.9 iAT, FUIHREUY RNA BRI, n4kst)n

MPBQ MT %E[H 1] cDNA F&41) () 7 B AR 4 21
e AWM PR e B, Wk, BLarde
JCAFR T cDNA ik, #E47T PCR ¥4, 3818 500
bp ZAAMHPA (B 1-A). &FE4itkfs, PCR
F) 5 pEASY-T 1 #MR1%EH:, @ik B PCR ik
(I 1-B) FIJFCHKLIK) EcoR V 1 Hind IIT XY 46 11F
(B 1-C), W45 R Ef

M1 2345 M6 7 8

M 91011

2000 bp

1 500 bp
1 000 bp
750 bp
500 bp
250 bp

1~3-FIPEX® 4. 5-RT-PCR 45 6~8-I¥ PCR K ilk [&l 1%
9~ 11-FEDIRALEIRITE  M-DNA Marker
1—3-negative control 4, 5-result of RT-PCR  6—S8-result of PCR

from bacterium 9—11-result of restriction M-Marker

1 £I7E MPBQ MT Z [ i | B 8936 1E
Fig. 1 Agarose gel electrophoresis from MPBQ MT
fragment
2.2 41 MPBQ MT £FE £ ¢DNA =ERFT
S
4 MPBQ MT JE[KIH[a] v Brik i 5° RACE #1 3°
RACE 514, # RACE Wi W] 21T 5° RACE
PHGH 3> RACE 473, 20 5ilf3 24 B2 R 900 bp Aty
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(K 2-A) F11346bp i (K 2-B) HIiWww. &l
X4 MPBQ MT JEPH f Be 515211 3> Kufl 52
K P o PEHe, a3 814046 MPBQ MT JE[H
cDNA K75 (K 2-C). 4048 MPBQ MT J& [ 4>
£ 1392 bp, HAgwiLIX 1038 bp, S*undERIEEX L
293 bp, 3 umAERHIEX 61 bp, JLgmAd 345 MR
% (K 3), fiv% >l CtMPBQ MT, GenBank & 3¢5
4 KJ845348. #|H ExPASy Proteomics Server [1)7E
23K 1 Protparam i CtMPBQ MT & [A 4 it 1
(KIFRALYE T . CEIMPBQ MT & M4 i 25 11 i 345 A4
MR, T CrrsoH2763N4770480S135 e T
Hoh 55130 AHX 731 RS 38 942.2; FRIRAEH AT
(pD) 9.24, 7 IEHELKEE (Arg+Lys) 4 45, iifiH
AL (Asp+Glu) & 36. ZEAMARRE RZEN
40.90, %] CtMPBQ MT 4w AAKE « JIGIT %k
Jy 88.67, JE/KPERECAN-0.192, F£H CtMPBQ MT
AR EE R BAMBRLRSE) SAM TiRe4s

| carcccocac
6] =

CETCTIC

P, AT 142~219 AL 2R AL . KA NCBI E
AT HILEXS BT R B, 1% %5 K 5 1) H 2% MPBQ
MT2 % H ( ABB52807.1) . 3% MPBQ MT
(ACP43457. 1) I I [RIYEVE Rk 89% A1 86% (14l 4).

M 1 2 M
2 000 bp
1 500 b,
2 000 bp 1000 bg
1500 bp g
1 000 bp 250 bp
750 bp
500 bp
250 bp
A B

1-3’RACE 2-5RACE 3-4{ cDNA M-Marker
1-3’RACE 2-5’RACE 3-full length of cDNA M-Marker

3 M

2000 bp

1500 bp
1 000 bp
750

C

B2 47 MPBQ MT £EE £4< cDNA BI5EIE
Fig. 2 Isolation of cDNA of MPBQ MT gene in safflower

TGCIIICCTITICTICTCOCA ATGG TG

GOGATITGAGTC AATTIGGTAACCCCOGTITCTICAATTY

12] cxCACCARCCOTA ACACCCOC A ATTITTIGCATGCAAC A ATITG GAGCTGA ATCCC TACA AT
18] ATCAGGTIIITACG AGTITICGCATC TAGGGTITIGCTGAAGTITIGA A ATCGGTIGAGTTT
24] GAAGTAAGGATTACAAGTITATIGGATC TGGITITTIITGTITATIGA ACGACA ATGGCT
M A
30] TCEECAATGCTIGTATGGAGC TEA A AATC TOGCGATTIGTGAGA GEA AGAGTATCCCCA A AT
s S5 M L ¥ GG A E N L A 1 ¥ E G R ¥ S5 B N
36] GGATTAGGGTIITA ATGGTICAGA ATTGCATGGGAGGAAGAGTICITCTICCTAGGATC A AT
G L G F N GG 5 E L H G R X s L L P R 1 N
42] TIGGIIGTIIGGGA ATTCA A AT ITGGAGGTAGAAGA ACGC TAGITITACC TA A ATGCAGT
L ¥ W 6 M S WM F G G E E T L ¥ L B E ©C =
48] GEIIICIGIICCAAGGCCAGCTICCCAGCCTAGATICATCC A ACAC A A AAAGGEGAGGCATIC
v s W P E P A S5 Q P R F 1 Q H E E E =A F
54] TGGIICTATA GGITITITGTICGATIG IG TATGATCATGTGATA A ACCCIGG TCATEG GACC
w ¥ ¥ R ¥ L S 1 ¥ ¥ D H ¥ 1 WH P G H W T
66] GAAGATATEAGAGATGA AGCGTTAGA GOCGEOGEEATCTCCATA GOCGEA ATATGATTIGTG
E D WM E D E A L E ¥ A D I H S E N M 1 ¥
72] GIGGATGIIGGIGGGGGTACAGGGTICACA ACTITAGGGATIGTGA A ACA AGTIGATGCT
v D ¥ 6 6 G T G F T T L o 1 ¥ EKE Q ¥ D A
78] AAGAATGTITACCATITIIGGATCA ATCGOC TCACCAGC TIGOGA A AGCGEA AGC AR A AGGG
XK W %W T I L D @ S5 P H Q@ L A K A K ©Q K E
84] coGTIGA AGGA ATGE A AGATCATC GAGGGGGATGCGGAGEATC TICC TITC AGA ACTGAC
L K E © K I I E & D A E D L P F R T D
90] TATGCIGATA GATATGTATC TGCTGGEA AGCATCGAGTAC TEGOCGEACCCAC A A CGAGEC
¥ A D R ¥ % S A G S I E ¥ W P D P Q R G
96] ATCAGAGA AGCATACAGGGTICTA A AGATA GGAGGGA AGGCATGTC TEATIGGGCCTIGTT
I R E A ¥ R ¥ L K I &© & K A < L I &G B W
102] TArCCA ACGTATIG GCIGTCTCG ATTITITGE TGAC ATGTGGATGE TETTTCCA A A A GAG
¥ P ¥ ¥ W L S E F F A D M W M L F P E E
108] GAAGAGTATATIGAGTGGTTITGAA A A AGCTGGATTICA A AGATGICCAGATCA AGAGEATT
E E ¥ 1 E W ¥ E E A G F E D ¥ Q@ 1 £ =E 1
1 14] GGCoCAM A ATGGTATCGTGGGG TOC GTOGC CATGG T IGATCATGGGEG TG TC GGTIACE
G P E W Y E G ¥ E E H < L 1 M G € S W T
120] GEAATCA A ACCCGCATCA GEGEATIC ACCTTIGCA GCIGGGGEOCTA A AGTA GAGGA CATT
G 1 E P A S G D S5 P L Q L G P E W E D 1
1 26] GAGAAGCOGGTGAACCCGTICGTIGTIIICIGGTICCGAT I ICT ICIGGGIGOCATGGCTGGA
E E P ¥V N P F ¥V F L ¥ E F L L G A M A G
132] GICHACTATGTIGITIGGICCCIGTIITACATGTIGGCTCAAGGACCA A ATTGTCOCA A A AGGT
v ¥ ¥ W L W D W ¥ M W L X D Q 1 W D E G
136] cCARACCAATCEGAGCAATGGTITAATIGC T IICTIGG ITIIGTATCAGATGATITCTGAA AAR
Qlll‘“
ARARAAAAAAR

3 41 MPBQ MT EE£KF7
Fig.3 Full length sequence of MPBQ MT gene from safflower

ek BRICHIIIEFS MPBQ MT JEIKGEZAASRD 1“7 FriciIiiER51 MPBQ MT JEKIIZR LAY 15 BIREARIN ARSI SAM Lifit4f itk

«“**%” marked sequence is start codon; “__”” marked sequence is stop codon; shaded part is a conserved SAM functional domain
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AR B m ssmlygaenlai rgrv nglgfngsel grk nl gns
i) H 2% T 1.V PKCSVSWPRPASQPRF IQHKKEAFWFYRFLS IVYDHVINPGHEEL
[awia i RRENA {CSVSWPRPASQPRFIQHKKEAFWFYRFLSIVYDHVINPGHILUY
AR A B g tlv pkcsvs prpasgprfighkkeafwfyrflsivydhvinpgh
I [12% TEDMRDEALEPADI] Wy
?J;TE B TEDMRDEALEPADL | TA
AR B wtedmrdealepadl srnm vvdvgggtgfttlgivk vdaknvtildg
] H 2%

4% (

AR A B sphqlakaqueplkeckllegdaedlpf tdyadry sagsieywp pg

|'l"J H % RGIREAYRVLKIGGKACIIGPVY PTEWLSREFADAWMLFPKEEEY I EWFJMASS
afe RG] > £250
AR B rgi eayrvlkiggkac igpvypt wlsrffad wmlfpkeeeyiewf

r‘ﬂ Hé;‘: DV 1IIr PI(JPP WlP(J 7FPHCLIMFLr T( K PAJ(JDQPLQL(JPB %g(s)
ot

AR A B kagfkdv J.krlgpkwyrgvrrhgl1mgcsvtg kpasgdsplqlgpk e

I [12% EKPVNPEVELIARFLLGABAGVYYVLVPVYMWLKDQIVPKGQPT] 343
QIXE IR K PV NPF\/FL‘PFLL(‘A IAGVYYVLVPVYMWLKDQIVPKGQPT] 345

AR B d kpvnpfvfl rfllga agvyyvlvpvymwlkdgivpkggpi

4 417 MPBQ MT [ ERRFF5 [ HZEERMES

Fig. 4 Homology analysis of amino acid sequence of MPBQ MT in safflower and sunflower

2.3 CtMPBQ MT £RE M ELR R RER 5347

FIH DNAMAN 4K 4 5 >k Y5 1 4% B ki 4 11
MPBQ MT A K2 L7 HI AT R L), 4551
KL T BE B CtMPBQ MT 2 K 45 ) H %%
Helianthus annuus [ [FJR PR, =ik 89% (K 4).
MNCBI 82 5 1At 16 A1) MPBQ MT & [
JE51, FIH MEGA BAFT 2 F) 74 Lot , JFa i
RGN (K 5). gikERearfesmHZ%, 4%
RGO RAMA I, MEFAM. DRERELR
FHNH R o
2.4 CtMPBQ MT 4wiZER_REMW DT KM
s

K H NPS%server SOPM 43 7 #£4T CtMPBQ MT
FEDAT () bt B 1 — 2 4589 73, CtMPBQ MT JE A
M gmis s R o-180E Calpha helix) 7
28.99%. JEfH% (extended strand) 7 24.06%. TG
A (random coil) 7 36.52% (K& 6). FJH
DictyOGlyc 72k T H X 8 (1 (R SE Ak A 5 2047 T
WMo AR P AE KT 0.5 BI K FEAEBEILAL A7 £ 4 F
SrbRdE, CtMPBQ MT £ FIXAEAE 1 ANFEIEALAT

R BT 291 AL 225 (Ser) (K] 7). IX4E
B A E 5 CIMPBQ MT & 4B % Dhfig % 1)

FHK.
2.5 CtMPBQ MT 4miZER = 4EE

7 SWISS-MODEL WE{%# SR AR T A
1, X7 CtMPBQ MT %t £ [ 34T — 4 2 e A (&

g it
2
K
e
w0
X
tert
| R0
1 F %
3
At
i
e
Fitk
i
L oy

5 £I1E MPBQ MT &R 5 th 16 #1154 MPBQ MT &
SERER S 3t s iy

Fig. S Phylogenetic analysis on MPBQ MT protein in
safflower with other 16 plant MPBQ MTs

8), iR IR CIMPBQ MT 4af s (52 i 6 4 a-i2
JE 4% TRl B R RS E T RNAS () ) L o
2.6 CtMPBQ MT EREHRIEHF

S ABITAENG 5+ 15 304 50 d (R E 14
HU RNA, 354 cDNA. LL 18 S rRNA A NS5t
A, KH RT-PCR J77%50 8T MPBQ MT JEK{E 41 4k
PP AR BN R ERE. g5REW (H 9,
MPBQ MT JEHEFFAL )G 50 d CfeFh 1) F AT
Fib e, SRR EIRIE AR LT —2, R
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Bl6 ZEHB_RLEMDIH
Fig. 6 Secondary structure analysis on MPBQ MT proteins
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7 MPBQ MT EBMEEALAL ST
Fig. 7 Prediction of glycosylation site of MPBQ MT protein

8 CtMPBQ MT &H =R &5 E

Fig. 8 Tertiary structure for conserved domain of MPBQ

MT protein
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FFAE I TR

9 iEFTFAREZIES MPBQ MT EE ik
Fig. 9 Expression of MPBQ MT gene in different periods

of safflower seed development
3 g

AT TR ) ZE A 5 s 2100 e &5 R0 0 i 2048
MPBQ MT JE A [ [a] v B, ik PCR J7 k5 iR 1%

HE] A B IE . iRk RACE AR hd 1 #2121 4%
MPBQ MT &K (14 K: ¢cDNA ¥4, 42K 1392 bp,
P 45X 1038 bp, 5 ufidERIIEX AL 7 293 bp, 3
Ui ERHPEIX 46 bp, JLguhd 345 MEILR. KILAE
NCBI EHHAT AL 0 M I, %R ) H 2%
MPBQ MT2 %1 (ABB52807.1). £ MPBQ MT
(ACP43457.1) HE R [FEEEE 89%H1 86%. H
MEGAS.1 St st idi b, 458 2oR, 4046 MPBQ
MT S HZE, ABFRRG LR R, Sty ndk
e gl e R H 2R JE T4 8. 83 Protparam il
M CtMPBQ MT LK gnit K (At 345 DNREIEM S
i, 23 718 Cl780H2763N4770450S 13, A J5L T 5 513,
AEOE 207 i/t 38 942.2; pl 4y 9.24, 7 IE HLARIE
(Arg+Lys) b 45, wrfiiskAE (Asp+Glu) by 36.
ZEAMARGE REChY 4090, KB CtMPBQ MT
it B I ANAEE « IR RECh 88.67, SR/KTEREA
-0.192, #H] CtMPBQ MT & M /KstEEE. A
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DIUTY, 3 3 3 b e R A R A [ e ik, T A
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M A RIE . WA E A R B 2% 5 A
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