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Cloning and expression analysis of MYB12 in
Lilium oriental hybrid ‘ Sorbonne’
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( Beijing Key Laboratory of Ornamental Plants Germplasm Innovation and Molecular Breeding, National Engineering Research
Center for Floriculture and Beijing Laboratory of Urban and Rural Ecological Environment, College of
Landscape Architecture, Beijing Forestry University, Beijing 100083, China)
Abstract. To reveal the regulatory mechanism of the anthocyanin synthesis pathway in Lilium,
we isolated cDNA, gDNA, and the MYB12 gene promoter from the petals of the L. oriental
hybrid ¢ Sorbonne’. Results showed that the cDNA sequence contained a 720 bp open
reading frame (ORF) encoding a 239 amino acid polypeptide with two typical DNA-binding
domains. The 863 bp nucleotide sequence was amplified from the extracted DNA and the gene
consisted of three exons and two introns. Furthermore, the amino acid sequence had highest
similarity with MYB transcription factors in Tulipa fosteriana W. Irving. Phylogenetic analysis
showed that the phylogenetic evolution of the transcription factor was in accordance with
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taxonomic classification, and it could be grouped with genes that regulate anthocyanin
biosynthesis in the MYB gene family. The 2143 bp promoter sequence of the LhsorMYB12
gene was obtained using chromosome walking technology. The promoter element prediction
results showed the existence of a core promoter element ( TATA box), MYB protein binding
sites, photoreactive elements, and other regulation motifs (e.g., circadian rhythm response
motif) . RT-PCR analysis indicated that the expression of LhsorMYB12 could be detected in the
tepals, filaments, stigmas, and styles. gRT-PCR analysis showed that the relatively high
expression occurred in blooming period (12 cm) tepals, and then began to decrease.
However, there was a difference between the initial stage of expression in the inner and outer
perianths. Moreover, dark treatment resulted in a reduction in the expression of LhsorMYB12,
with the lowest expression found after an hour of treatment. Under light conditions, the
expression level of the gene increased at first, then decreased, and then continued to rise with
increasing treatment time. The LhsorMYB12 expression pattern results might relate to the
corresponding cis-acting elements in its promoter.

Key words . Lilium oriental hybrid ¢ Sorbonne’ ; MYB gene; Anthocyanins; Cloning; Promo-

ter; Gene expression
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Plant materials of Lilium oriental hybrid ‘ Sorbonne’
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Table 1 Primer sequences

5194 FIFI (5~ 3)
Primer name Primer sequence
Actin (F) CCCATTGAGCACGGCATTGTC
Actin (R) GGATTGAGAGGAGCTTCGGTGAGA
CLA (F) GATGAGATTCTGATTGCTGGTGAG
CLA (R) CCTGCTCTTTGGCTGTTTCC
MYB12(Clone) F ATGTTTCAAACGTTTATTGCCTC

MYB12(Clone)R TGGAGTGATTCCGAAGTTGAATAG
MYB12(gRT-PCR)F TGTTCCCAAATTGGCTGGTC
MYB12(gRT-PCR)R TCCTCCTCATCCTCGCTGAA
MYB12(RT-PCR)F  CTATCAGACCACAACCTGTAACC
MYB12(RT-PCR)R  ATGGAGTTGGAGGAGAAGAGTC

SP1 TCTGAACAGATGCCGTAAGAGCTGCC
SP2 CCGTGTTCCCAAATTGGCTGGTAACG
SP3 AGCAGTGGCAGTACAGGAGCTAGGAA
SP1’ TGGTTGGTGAGAGTGTGGCTGTTAGT
SP2’ CAAACACCAACGACCCACGACACCTAA
SP3’ CGCTTGTCCTTGTGAAGTCCCATTAC
TIP(F) CGAAGCCAGAAACGGAGAAGAAT

TIP(R) GGGTAGGGTGGATTGGGAAGA

PCR Buffer 5 uyL, 2 mmol/L dNTPs 5 uL,
25 mmol/L MgSO, 3 uL, F. FiF5144 1L,
ddH,O 33 pL, PCR #2)J¥ k. 94°CHiAE M 2 min,
98°CAPE 10 s, 55°Cil 'k 30 s, 68°CHEfH 30 s,
I 40 MEIF; T 68°CHEM 10 min, &34/~ H2
M, %Ak J5 3% %, W 45 R F) T EXPASY-
Translate tool ( http:/web. expasy. org/translate )
R4 T RPN EERRIT Y, R MEGA 5.1 #ff
5 BLAST ( https:/blast. ncbi. nim. nih. gov/Blast.
cgi) TEZ T HAB AW AT W B R 791 5 2 4 1Y
K HARFEIEA K 29 4~ MYB 3 [H 4w X 5 51 17
ext, IR G L AER (£ 2); i3 M
DNAMAN #47 MYB JEH SRR IT 51081 (£ 2) .
K DNA £ B0 7] & i R e w A
DNA, Jf DAt S 8 AR xF LhsorMYB12 % [ i 17
PCR ¥4, PCRUKZMB)FIE b, ¥ 1T J5 %
A Clustal Omega(http ./ www.ebi.ac.uk/Tools/msa/
clustalo/ ) 7EZk T HiE47 51 L X, B 5 A 5 A
W& FREH, B BRI S, 2k
BLAST 7E4L T HAH R CRIE R 5. WP Y
MYB FEBK P41, 4 O by & PR 9 45 8 25 i) 45 2
R 251
1.2.2 LhsorMYB12 % REAFEIHFHRE
PLCRIB WA B DNA A, I MyB12

RPNt G ik 2% 519 SP1 ~SP3 &5
28R SP1 ~SP3° (£ 1), K Genome
Walking Kit i 7] £ ( TaKaRa) %t LhsorMYB12 %
K 8l i 47 e B . >R H Plant CARE (http ./
bioinformatics.psb.ugent.be/webtools/plantcare/
html/ ) 1 PLACE ( http ./ www.dna.affrc.go.jo/ PLACE/ )
FESBAR XS Ja 2 F ) SN AT oA, FF Tl i =X A
I
1.2.3 #ZFEE RT-PCR RiL4H#

DIEAEREN TIPERNNZS, &itHNS5]
V(g , JFREAMR RGN LhsorMYB12 J7
SNt Y, A7k & RT-PCR, PCR & {&
%l 20 ub, 45 cDNA 0.5 uL, 2xTaqg PCR
Master Mix 10 uL, I, FUE514945 0.4 uL, ddH,O
8.7 uL, P IFLF K. 94°CTHIAEYE 5 min; 94°C7s
7£30s, 53°CiEk 30s, 72°C#Effi30 s, 3354
PG, 72°CIEP 5 min,
1.2.4 ELHR}AEE PCR RIESH

M FHR ik i Lsh R Actin R S
BHKER Clathrin, 43 5I1EH gRT-PCR il 2 2 K]
X FRIR NS EEIN . LIAERE R 4 B9 cDNA
AR, R Primer 3 8 THIEOLE I (£
1), 4 SYBR® Premix Ex Tag TM 1I (TaKaRa)
RAEVLAF, i CFX Connect Real-Time PCR
System( Bio-Rad) #4743, KW IKR A 20 uL,
PHSFERE . 95°CAEME 30 s, 60°CiR Kk Fil 4k fif
30s, 39 MEH, 95°CAEM: 5 s, 60°CIE A Al
JEAf 30 s, BRSNS 3K,

2 FEREH

2.1 ‘B EBZEARERETF LhsorMYB12
KRS F S

WRERER, BB FRT G R RR
T LhsorMYB12 4@t X J¥ 51 & 720 bp, #ZiTWRIT
HI: 863 bp (B MG593164) , IH:4ifid 239 4~
A (K 2)

R, Yt k28 MYB A HEA 24
HIL M MYB Z549 18 (R2R3) , ABFFE 458 541 1
YR, LhsorMYB12 3K 5 i {77 R2, R3 44
sy, S5 HAMYIRNG MYB 5 R 745 s B A
JEREME (K 3) . B4k, R3 455 ik £ 7 MYB



816

L7/ S

536 &

*2 PMAMERER

Table 2 Gene information of phylogenetic tree

Yy f HH 44 Fyls
Species Gene name Accession No.
FIT  Arabidopsis thaliana L. AtMYB75 AT1G56650
AtMYB113 AT1G66370
AtMYB90 AT1G66390
AtMYB82 AT5G52600
AMYB111 AT5G49330
AtMYB11 AT3G62610
AtMYB12 AT2G47460
45 Antirrhinum majus L. AmMROSEA1 KP311682.1
Fi5%  Asparagus officinali L. AoMYB114 XM_020400904.1
Wt Atalantia buxifolia (Poir.) Oliv. AbMYB ANI87843.1
MRS Brassica oleraceae var. botrytis L. BoMYB2 GU219987.1
AKX Cajanus cajan (L.) Millsp. CcMYB113 XP_020209552.1
+IHE  Cephalotus follicularis Labill. CIMYB GAV87101.1
w4  Citrus micrantha Wester. CmMmYB ANI87839.1
HtE  Elaeis guineensis Jacq. EgMYB1 XM_010932909.2
EgMYB1 XP_010931211.1
E#&  Eucalyptus grandis W. Hill ex Maiden EgMYB114 XP_010064838.2
A% Gerbera hybrid GhMYB10 AJ554700.1
K. Glycine max (L.) Merr. GmMYB113 XP_003529126.1
46 Gossypium arboretum L. GaMYB114 NP_001316982.1
1% Ipomoea batatas (L.) Lam. IbMYB1 AB258984.1
IRVTEA Lilium regale E. H. Wilson LrMYB15 LC021383.1
ki Litchi chinensis Sonn. LcMYB1 APP94121 1
SR Malus x domestica Borkh. MdMYB10 EU518249.2
WHHTE  Medicago truncatula Gaertn. MMYB1 XP_013442371.1
WHNIE T Muscari armeniacum H. J. Veitch MaAN2 KY781168.1
WA JAES Nicotiana attenuate Torr. ex S. Watson NaMYB113 XP_019240653.1
NaMYB113 XM_019385108.1
JH® Nicotiana tabacum L. NtAn2 FJ472647 1
fRZE4 Petunia x hybrida E. Vilm PhAN2 AB982128 .1
PhMYB ADW94951 .1
PhPHZ HQ116170.1
WA Phoenix dactylifera L. PAMYB XP_008779039.1
PaMYB114 XP_008780817.1
AL Pyrus pyrifolia (Burm.) Nak. PpoMYB10 GU253310.1
BEWE  Ricinus communis L. RcMYB EEF28373.1
Silene littorea L. SIMYB6 AMQ23631.1
A Solanum lycopersicum L. SIANT1 NM_001247488.1
S5 EE Tricyrtis formosana Baker. TIMYB BAW85722.1
Tricyrtis sp. ‘ Shinonome’ TrMYB1 AB856412.1
TrMYB LC213902.1
44 Tulipa fosteriana W. Irving TIMYB4 AHY20035.1
TIMYB5 KF990612.1
TIMYB3 KF990610.1
¢ Vigna radiata var. radiata (L.) R. Wilczek VriMYB113 XP_014492680.1
W% Vitis vinifera L. VWMYBA1 AB097923.1
VWMYBA2 AB097924 .1
VWMYB90 XP_002274992.2
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Fig. 4 Gene structure of LhsorMYB12

] 3'
1200 bp

—
100 L——

36 |
51

—
100 L

100

93

—_

65

BT,—

XM_019385108.1 Nicotiana attenuate

AB982128.1 Petunia * hybrida

AB258984.1 Ipomoea batatas

B rEREIS F 1K) LhsorMYB12 ¥ 45 5 5 2 ik
) 29 4~ R2R3-MYB 3K i & 3L 1R ¥ 51 17 e
Xf, 5 FW, LhsorMYB12 5 MYB 3t [H % ji%
G6 AL H = B G 0 R R — % (K
5), 5 MYB 3K 575 i 5t i 45 25 B AR )
W G7 M i G15 e R ™, i
Bl LhsorMYB12 BRI AEE A AL T 21 A bl
AR EZAEM ., 76 Ge A, HFr XTI
RN —FE, TR T LhsorMYB12 5H
ERHEWIAR 4 T (KF990612.1) AL ft &, 26 %%
2.2 LhsorMYB12 BEhFHIEES ST

ARG AR LB AR TRKEN
2143 bp 1Y LhsorMYB12 3:H 2 3 7 ¥ 5 (K 6) ,
P S IZE RN TR TP TR (K 7)), 42

HQ116170.1 Petunia x hybrida

FJ472647.1 Nicotiana tabacum
NM_001247488.1 Solanum lycopersicum

KP311682.1 Antirrhinum majus
AJ554700.1 Gerbera hybrid
AB097923.1 Vitis vinifera
AB097924.1 Vitis vinifera
AT1G56650 Arabidopsis thaliana
GU219987.1 Brassica oleracea var. botrytis
AT1G66370 Arabidopsis thaliana
AT1G66390 Arabidopsis thaliana
GU253310.1 Pyrus pyrifolia
EU518249.2 Malus x domestica
KY781168.1 Muscari armeniacum
XM_010932909.2 Elaeis guineensis
XP_026657506.1 Phoenix dactylifera
XM_020400904.1 Asparagus officinalis
KF990612.1 Tulipa fosteriana

KT HHEY) Dicots

G6

96

100

ol

I3 RAL BB PR SRR R

H LhsorMYB1 2|

LC021383.1 Lilium regale
KF990610.1 Tulipa fosteriana
AB856412.1 Tricyrtis sp. ‘Shinonome’
LC213902.1 Tricyrtis sp. ‘Shinonome’ ——
AT5G52600 Arabidopsis thaliana
AT5G49330 Arabidopsis thaliana
AT3G62610 Arabidopsis thaliana
AT2G47460 Arabidopsis thaliana

HFIH Y Monocots

G7 G15

Numbers beside branches indicate bootstrap values.

5 LhsorMYB12 B F & %t 4k
Fig. 5 Phylogenetic tree of LhsorMYB12
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Fig. 6 Amplification band of the LhsorMYB12 promoter

% GenBank ¥4 (5 5%5 . MG593164) , it
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185 25 6m R A S R oo | SR T R
IR MYB A RRBI S S5 A% (£ 3),

2.3 LhsorMYB12 R EFHIRIES

Iy RIEE RIB AETE O NAF L BRI

HMERE R . BRI 11 AN ZIER S 10 PO RE AL B
JEIIAERE R, #E4T LhsorMYB12 JLR ik ibr, 2k
FE i PCR LI 45 F /R (& 8), LhsorMYB12 3
BANAET A AL TR L (IME R . NAERE . fE22 KAk

GACAGAAGCCGAGCATAAGTATATGGCATGTGTACCTTATACATCAGTGATCGGTAGCTTGATATACACAATGGTTT
ATATGTGGCCTGACATAGCCCACGCTGTTGGGG TTATCAGTCGGTACATGAGCAATTCGGGAAAGATGTATTGGGA
AGTTATAAAGTGGATTITGTGCTACTTACGTAGGACTACAAAGAAGTGTCTGGTATTCAGAATTGACAGTATGGAA
CTACATTGTTATGTGGATGUTAATATGGGAGGAGATCTGAATCGOCGGAAGAGTACCATTGGCTACGTGTATATATT
TGO TAAAACTGCTATGAGTTGGGCTTC TAAGTTACAGAAAATAGTTACATTATCAACGACGGAAGTAGAGTACGTA
GTGATCACGGAAATAAGTAAATAAATAGTATGGCTATAGAATT TTATGAAGGAACTGGOAGTGAGATACGGAAAG
AGGACGTTGCATAGCGATAGCCAAATTGTGATACATCTGGCTCAGAATTCGGTGTTITCATTTGAGAACCAAACAC
ATCTAGATCATGTACCATTTTATCCGTTATTTGCTCGAGAAGAAGGTACTACAACTAGTGAAGATTGTCGATATGAA
AAACCAAGCAGACATATTTACTAAGGGAGTTCCTTTGGAGAAGCTTGGACTGGGATGATTTGAGAAAACCCATAT
CAGGAGCCTCTAGTTAGGTCCTATAGTTTTAT TTATTTATTT TCTTTTTAGAATAAATAAT TGGAGCAGATTCACATC
CACATATTCAAATAAGTTCCTCAGTTACACTGGAACTTAGTATAGGACTCGTCCTGTAGTAAAGTGATTGGTTGGA
CGCTTGTCCTTGTGAAGTCCCATTACACCCOGTCAACCCATCGGATTGATGGAATAACAAAACAATCTTATITITC
TCTCTGCCCACCATTTTACTGTATGGTITCTGGATTTTTTTITCCTTITIGGTTTAAGCAGGGCCAAAAGGCAAACATG
AAGTGAGTTGGAGGTGTCCATCTCACTACACAGATCCCCATTGTAGTTGAACAAAACAAAAGGCCCACAACTTC
ATCTCCTTCAGT TGO TAATATAGCCACGAGAATTAATCCCTTCTGOCTTATTCCTCTTAATTTTATTGGAGGTTTCAA
ACACCAACGACCCACGACACCTACTGTCTTTCAGCATTTATCAGTGGTCCATCATCGTAAGCGGTTGTGGACCAC
COGATGGTCATAAATATATGGATCTG T TATGATAGTATGGAATGGTTGTAGAGTAATAATAGATGAAGCTACGACCTT
TTOTAATCTCCACCAGTAGTCACTAATCTAACATCAATTTGGTTAGGAGAAAAATGTTGGGAGATTGCATGAAAAA
TGTTGGGAAATTATCGGACATTGTAGAGAATGTTGTTTTGGGAACAAAGGTTCAATTACAAATCTTGCACCCCATT
GOTTGGTOAGAGTGTGGCTGTTAGTTAGTGGGTGTCTCTTTAAATAAATTATATTATGTTCTAATAAAATGAGCGAG
ATTTGCTTITCAAATGATGTTGTAGTGAGTGTCTCATGCATGGGOAGGAAGGAGACCACCAATGTTATATCAGATAT
TCTAAATTTGCTTCATGGAGCAAACTCCCTTCAAATGAAAGGAGCAAAGAAAATCTCTAAAGAAGTCTTTGGGTG
AGGTTGCTTATGGTGTTGGCTTTACGGTGTTCTTCTTAGAGGAAGTAAAATGCATATATAGAGATTGGTGATGTTTT
AATGGAGAGTATACAACTATCCTTAGAACTTGGTGGGAATACATCATGTATCATCTTTGACGATACAAATATAGTTC
TACCOGTTAAGGGCATTATCATTGTGAAGTTCGTAACAATGGGC TAAAATGAGTATGTGCAAACATAATATTGATGT
AAGTTGGTATCTATGAAAAGTTTGTAAATGTTATTATGAAAGCGACAGAAGTATTTCAAGTTGGTAATGGTCTTAC
ATAAGAATCTTTGCGTTAAACATATATTTTCAGGTACGTGTACAGACAACTITGTGTGAATATGATCATGTTATTGAT
TTAATTTCTCATATACCCTTTAGAGTCTGOCAAACTTTATC TCTATATATTTAAATCCTGGACAATGATAGAATCTATT
ACAATGTTTCAAACGTTTATTGCCTCOGCAATTACGGGCAGCACTTCACCCACAAGAGATGGTAGCAGTGGCAGT
MF Q T FI A 8 A ITG S5 TUZSE& P TUETDGT S 8 G 8
ACAGGAGCTAGGAAAGGTCAATGGAGCAAAGAAGAAGACACCCTCCTTOGCAAATGCATCAACCAGTACAGCC
T G AR EG Q WG5S EE EDTULULUEREEKT CTIDNQTYS
CAGTGAAGTGOAGCOGTGTTCCCAAATTGGC TGOTAACGTCTAGACGAGTTGTTITCTTTTGACTTCTGGATAACA
PV EW S EV P EL A
ATGTTGATGATCGACTATAATTTAAACCTACTTTTAAGGTCTGAACAGATGCOGTAAGAGCTGCCGGCTGCGAT GG
G L N R CKE ES§ C R L EW

GTCAACTATCTGGACCCTAGCATAAAGCGAGGGAGCTTCAGCGAGGATGAGGAGGACCTCATTATCAGGCTTCAC
vV N YLDU&PS I KRGS F 35 EDEEDILITIZRLH
AAACTCTTGGGAAACAGGTGAGCTCTCATTAGATTCACCAATTITACATCAGCCCCGTCTACTAACTTACTAATGC
E L L G N
TCAGGTGGTCTTTGATCGCTGGCCOACTTCCCGGTCGGACGGCTAATGATATCAAGAACTACTGGAATTCACATTT
E W 3 L I A G R L P GERET A NTDIENT W o H L
GAGTAAGAGAAAATTGAATGTTGAACGGAGAATTCTGAAACCTATCAGACCACAACCTGTAACCCTACCTCAAA
58 E R EL NV ERUEKEIULUEKUPI EKEUP Q PV TLUFPIOQHN
ACTGGAGCTGGTTGACGATGAAGAAACAGGGTGAAGUTGAACCAAAAATGGAAACTAAGGTACCAGATGAAGA
W 8 W LTMEE QGE AE P EMETUEVY P D E E
GGAGCATGATCAGTGGTTGATGATGATCAACGATTACAACTTGAACGACCAAATGGCTTCGAATCAGCATGCAGA
E HD QWLMMTI NDYNTLNDOGOGMATZSNQHATD
TTTCGGGTTTGAATGTGCTTATGGAGTTOGAGGAGAAGAGTCCACTGTGGATGCAATTCTCCAATGGGACG
F G F ECAYOGVY G GEE 58 TV DATILGQ WD
GITTGCTTTCTGATATTAGACTTTGGAGTGATTCCGAAGTTGAATAA
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Fig. 7 LhsorMYB12 promoter and nucleotide sequence
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Table 3 LhsorMYB12 promoter cis-acting elements and functional analysis
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P-box CCTTTTG 2 IRFE RN I
TATA-box TATA, TTTTA, TAATA, TTTTA, ATATAT, ATTATA 15 T SRR 7 #5.-30 X %0 I B F oo
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TGA-element AACGAC 1 R R RN IO
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MYBCORE CNGTTR 5 MYB & (465 137 st
MYB1AT WAACCA 1 B 7K R RE B MYB 3R BIM A,
MYCCONSENSUSAT CANNTG 1 MYC (44578 {37 5.
CURECORECR GTAC 6 S A e
POLLEN1LELAT52 AGAAA 3 ACHRE S SO T 4 o
1 2 3 4 5 6 7 8 9 10 M
LhsorMYB12 1.81
VoSME 20 PAERE 3. B 4 JE% 5. ks | 0
6: fEFE; 7. Fh7; 8. BiRNF; 9. R ARNE; 10. B @e1$
1. ZER; LhsorTIP: MBI, . ® % 1t
1. Outer perianth; 2: Inner perianth; 3. Anther; 4. Filament; & o 08f
5. Stigma; 6. Style; 7. Ovary; 8. Upper leaf; 9. Middle =3 0.6+
and lower leaf; 10: Young stem; 11. Stem root; LhsorTIP: 2 o4l
Reference gene. o
B8 HAZMELR LhsorMYBI12 ¥ EE PCR 54 0'5 = s = AL L
Fig. 8 RT-PCR expression of LhsorMYB12 D1 D2 D4 D8 L1 L2 L4 L8 L12 L16

in different tissues
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Fig. 9 Expression of LhsorMYB12 in different
development stages of flower buds
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Different lighting conditions
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Fig. 10 Expression of LhsorMYB12 under
different lighting conditions
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