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WE: [ B ) I PARN. A S (Lilium oriental ‘Siberia’) fRIRFERRIFE T LoXTH23 BeRMEM ., [ 5] U
VORI E & 2000 AL, DARTHARE SR P 25 S i i 1 NORAR A 5k 22 5 10 319 XTH R
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P s (0 2R A 3 7 RE 2058 3.19 ku, BIRSE RSN 6.19, JEA7FE I A Y URME 5 IR AR FasE K &
M “REMTPUBHLE IS £, 278 30 MREBRILAL A ; POtE it PCR 45 R . LoXTH23 JE IR Ay ik it
FEBSEIRIRSE MR 10 d BT . [ 4518 ) LoXTH23 I RETE T 4 il 2L PRI AR P A v i B 1
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Cloning, Bioinformatics Analysis and Expression Dynamics of
LoXTH23 Gene in Bulb Dormancy Release Process of Lily
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Abstract: [ Purpose] To study the role of LoXTH23 gene in the process of dormancy release in
Lilium oriental ‘Siberian’. [ Methods ] The bulbs of L. oriental ‘Siberian’ were used as test materi-
als, and a XTH family gene with significant differences in dormancy release period was screened out
from the results of pre-transcriptome sequencing, which amplified the full-length sequence of the
cDNA by RT-PCR, named LoXTH23. Bioinformatics software was used to analyse the structure,
physicochemical properties, etc. of the LoXTH23 gene, and fluorescence quantitative PCR was used to

determine the relative expression level of the LoXTH23 gene in the process of bulb dormancy release.
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[ Results | The open reading frame of LoXTH23 gene was 858 bp in length, encoding 285 amino

acids, including GH16 structural domain, and belonging to the XTH family of genes; the relative mo-

lecular weight of the encoded protein was about 3.19 ku, and the theoretical isoelectric point was 6.19;

it was an unstable hydrophilic protein with the presence of transmembrane structural domains and

a signal peptide; random coiling was dominant in the secondary structure, and there were 30 phos-

phorylation sites. The results of fluorescence quantitative PCR showed that the expression level

of LoXTH23 gene was the highest at 10 days, when the bulb dormancy was completely released.

[ Conclusion ] LoXTH23 may play an important role in the regulation of lily bulb dormancy release.

Keywords: lily (Liium spp.); LoXTH23; bioinformatics analysis; dormancy release
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T W4 A B2 AR (1) B EBR AT K
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1.2.2 LoXTH23 R:H il

I 1A A2 S0 SR AL T 1Y) LoXTH23 3
FE4, {5 Primer Premier 5 #4124 & NCBI 3|
Y% it T H B3 RT-PCR 5|49 fil QRT-PCR 5|4,
L Actin FERFE RN SR (& D™, 51490 EW
WA H AR PR A FE

L cDNA 56 1 i AR TP 4, PCR
1KZ M 50 uL, 4% cDNA #if 1 uL, 1F. sl
¥4 1 uL, Taq PCR Mix PR 25 uL, £ T
7K 22 uL, PCR RN 55440 : 94 °C T8 5 min,

&1 519F%

Tab. 1 Primer sequences

5|4 primer J# %1 (5'—3") sequence
LoXTH23-F AGGCAAGGAACACTCTGCTG
LoXTH23-R CCACCACTGCAACAATGACT
LoXTH23-qF CGAACCAGAGGAAGAACTGC
LoXTH23-qR CTCAGCAGGCACAGTTACCA
Actin-F TCGCCTACATCGCTAACC
Actin-R TTCCCAATAATCGCAAGACC

94 °C A1 305, 56 °C 1Bk 455, 72 °C #EfH 10 min,
A 30 MR, 72 °C ZEAH S min, Kf PCR 2lifk™
Y4 2 pESI-T 4K I, % 10 uL &4 WAk
KIGFF R4 DHSa, 37 °C 537 12h, 4
FIBREGRBE . R PCR S OBl 56 1F 0 156 BH 14 e
B, R BHAE TR % 28 B B AT A W B A R 7]
HEATI A BAIE
1.2.3 SEm%tsE B PCR

DI HRZH AL PR 1 5 /N 254N I DL R
AFHZUY cDNA MR ST qQRT-PCR. W%
e 95 °C WiAETE 30s, 95 °C ZEME 10s, 60 C
Bk 30s, 40 AAM; HRIZRIME: 95 C 15,
60 C 60s, 95 °C 155 R 274 HIX E &= Hr
I LoXTH23 HE K AR Rk &
1.2.4 EWER

R HVEYE B3R LoXTH23 S K 2514
FIER AL M BT A5 AT A BT o B DR e ) 52 A R
OREF finder (https://www.ncbi.nlm.nih.gov/orffinder/)
T 3 ¥E BLAST (http://blast.ncbi.nlm.nih.gov/bla-
st/) HEAT P81 X AR I P 51048 2 SR E BT
PRAME 24 R ProtParam (http:/web.expasy.or-
g/protparam/) T ; £ 1 51 B 532 K PR FHgE K MR
HH ProtScale (http://www.expasy.org/cgi-bin/protsca-
le.pl) T ; 7K 5 5 X 38R | TMHMM Server
v.2.0 (https://services.healthtech.dtu.dk/service.php?
TMHMM-2.0) il ; & 1 5 {5 % kR ] SignalP
3.0 Server (https://services.healthtech.dtu.dk/service.
php?SignalP-3.0) T ; & 5T AY M 20 g o {3 SR
H WOLF PSORT (https://wolfpsort.hge.jp/) Tl il ;
& H B AR ST 45 H 3R JHONCBI (http://www.
ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 7 #7; &
H BT B9 9 4544 >k ' Expasy (htps://www.expasy.
org/) T ; AT =4EZ5HR ] SWISS-MOD-

7.

EL (https://www.swissmodel.expasy.org/) il ; >k
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FH Net Phos (https://services.healthtech.dtu.dk/servic-
es/NetPhos-3.1/) FMBERR LA 5 >R MEGA 4K
HERGEKER .

2 BEREDH

2.1 LoXTH23 F& [N 7 [ K il e 45 1

A VE R I3RS LoXTH23 R 4K 51 Y
Hysr, Smikiill, 93878 1104bp, S5H
Py —2 (& 1); W5 /¥ 513 NCBI ORF Fin-
der TN 7R . R PR EHE 424K 858 bp, Zwfth 285
R (] 2).

2.2 LoXTH23 B[R Frémid i A M BRALE T

LoXTH23 3 [H 4 fith 1) 24 2 1R 7% 3L 7 51 vp 17
16 1 MBS GH16 458938, IFS2 LoXTH23
FHET XTH FES A EA (& 3).

LoXTH23 I Bisr i 2k 3.19 ku, 3
SR 6.19, 73 FH Ca36H,155N3770430S 10
SRRl 4408, 1 20 FhaE LR 4 %, Hidas
AR AR G RRFRE; TRARMBS AR S
Ko A IE LA BR 3E (Arg+Lys) BACH 21,
e 1 BT AR I (Asp+Glu) BB 23, ZE M)
AFETRECH 40.29; MBI RECH 70.53, SFY
IR N -0.378

2000 bp

1000 bp

750 bp
500 bp

250 bp
100 bp

B 1 LoXTH23 ) PCR =4]
Fig. 1 PCR product of LoXTH23

2.3 LoXTH23 HHMH KM

LoXTH23 A 4fith i) 2 HE R T AR 2 IX Bt
AT 0 ZIEL LI (18 4), RBIHZIT I b koK
IR IL I BCR 2 THUK R, A
e REKEA .
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10 20 30 40 50 60 70 80 90
ATGACTCTCTCTGGTTCCTTACTACCCTTGCTCTCTCTGTTAGCAGCTGCCAGCCTCATCAACCAAGCTCAGAGCAGCCTCCCTCAAGAC
M TL S G S L L P L L S L L AAASTLTINIOQA AU QS s L P QD

100 110 120 130 140 150 160 170 180
CTTGACATAACATGGGGTGACGGCCGCGGCAAGTTCCTAGACAACGGTCAGCTCCTCACCCTCTCGCTCGATCACTACTCCGGCTCCGGL
L b I TWS GDSGRG XK F LD NGO QZLTULTTLS L DUHY S G S G

190 200 210 220 230 240 250 260 270
TTTCAGTCTAAGAACCAATATCTCTTTGGCCAAATTGATATGCAGATCAAGCTCGTCCAGGGCAACTCAGCAGGCACAGTTACCACCTTC
F Q s K N QY L F G @ I DM QI KLV QGN S AGTV T T F

280 290 300 310 320 330 340 350 360
TATCTCTCGTCACAAGGCCCCAACCATGACGAGCTCGACTTCGAGTTCCTCGGCAACGTCACCGGCCAACCTTACACCATCCATACCAAC
Y L. S s Q G P N HDE L DVF E F LGNV T G Q P Y T I HT N

370 380 390 400 410 420 430 440 450
GTGTTCACACAAGGCAAGGGCAACAGAGAGCAGCAGTTCTTCCTCTGGTTCGACCCCACACTGGACTTCCATACCTACTCCATCCTCTGG
vV F T Q G K GNREOQQOQVFFL WU FDUPTULUDTF FHT Y S I L W

460 470 480 490 500 510 520 530 540
AACCCTCAAAATATCATATTTTCTGTCGATGGAACTCCATTAAGAGTTTTCAAGAATCATGAAGCCAACAACATCCCCTTCCCARACAAA
N P OQNTI I F¥F S VD GTU©PILRV F KN HEA ANNTI?PF P N K

550 560 570 580 590 600 610 620 630
CAGCCCATGAGGATGTACTCGAGCCTGTGGGACGCTGAGGACTGGGCCACAAGGGGCGGGCTTGTCAAGACTGATTGGACCAAGGCTCCT
Q P M RM Y S s L WDAZEUDWA AT RGGUL V KTDWT K A P

640 650 660 670 680 690 700 710 720
TTCACGGCTTCCTATCAGGGTTATAATGCTGAAGCTTGTGTGTGGTCCTCCGGTGCGTCGTCATGCGGGTCTACGCCGAGGTCACAGAAC
F T A S Y Q G Y NAEATCUV WS S GA S S CG S T PR S QN

730 740 750 760 770 780 790 800 810
GGTTGGTTCAGCCAAGGGCTGAATTCTGTGAGCCAGGGAAGGCTGGCCTGGGTGCAGAAAAATTATATGATCTACAACTATTGTAAGGAT
G w? F S QG LN SV S QGRL AWV QKNYMTIYNY C K D

820 830 840 850

CTGAAGCGATTCCCCCAAGGACTGCCAGCAGAGTGTTCCTTGCCTTGA
L K R F P Q G L P A E C S L P *

El2 LoXTH23 ZE 5K EMmDH TERR
Fig. 2 LoXTH23 gene sequence and its encoded amino acid
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Fig.3 Conserved domain of LoXTH23 gene encoded protein

i=|

[E

score
(=}

-2t
_3 1 1 1 1 1
50 100 150 200 250
(VA LS
position

El 4 LoXTH23 FEHAIHK M
Fig. 4 Hydrophobic prediction of
LoXTH23 protein

2.4 LoXTH23 & [ [ 5 X K V.41 i 2 i
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] 125 PR R T 1) 2 BE PR R LA R 0.150640; 1R
1R 60 A~ 22 35 iR 5% 5 rh 70 00 ) 15 DR 2
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5 LoXTH23 &R BIRLEMTN
Fig. 5 Prediction of the tansmembrance structure of
LoXTH?23 protein

2.5 LoXTH23 &AM M =M
LoXTH23 # 1 22 fy W 25 5% (& 6)
Ny ZEAAEH AR T RE, 0 44 DR

FERRIE Y o-I20E (5 15.44%) . 88 SIEMigE (15
30.88%). 16 MR IELFIE LAY B-54 M1 (/5 5.61%)
1137 S5BEHLEEIT (4 40.87%), I, ZEAK
FELERENLE M =T g R (7 7)
BRI H S YEROR 3B To R B o
FFA RTINS 5

PW el el el ool

(T

\luuulfuunm‘

H"|un|mumu|

50 100 150 200

V 5.0 160 130 260
P RGN il SO PR L ECRIE G St
EROHLEN

Note: Blue indicates a-helix; green indicates B-turn; red indicates exten-
ded strand; purple indicates random.

Bl 6 LoXTH23 EH RN
Fig. 6 Prediction for the secondary structure of
LoXTH23 protein

El7 LoXTH23 ERHKI=RLEMTM
Fig. 7 Prediction for the tertiary structure of
LoXTH23 protein

H& 8 Al LoXTH23 H:[H 4 it 75 M &
FERR IR I AR BT VDA 5 A B KA 0.663, 155
I RAE R 0.684, LG BTV SR KIEN 0.997,
FEIE T IRIME 0.840,
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Fig. 8 Signal peptide prediction of LoXTH23
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22 FIR AL Z (20 1), RUNZE AR AL
MU E RN E (B 9).

iy

‘<§ — 225 serine  — MR tyrosine
#HE 1t J3E R threonine — IIfi #L A, threshold
e
8

<
5t

8

_g- O L L L

50 100 150 200 250
Frof e
sequence position
9 LoXTH23 & BB L= TN

Fig. 9 Phosphorylation site prediction of LoXTH23 protein
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guineensis) TH—I5, 1L A —E 1Y R
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WIFEIT (Arabidopsis thaliana) W) 3E2 5 R,
2.8  LoXTH23 J[RIE /Mg ZE AN [RI AR AR I JA AN AN )
HAMRIAE
FE 1Al 50 0 d i, LoXTH23 #:A
fE A /NEEE T A X RSB R IR TR, IR
10 d BPAEX Fe b f kBl i g 5 % FE PRI ZEAR AL/ i

ZEpRsE T HABH L, FEEP R RA
$54 18
3 g

B 25 A 16 KRS R B i, AT B
Y R rE BT, AR N EE MY,
Az B HARIR IR0 . XTH JER 21746 T
T, 3T AR A 2 GG AR e 4 e RE )
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KBRS, REYESERNEESS5E

— AR RN . XTH 52 F G B AE iR
IR AR E AR, W XTH23 5L S IR i i

G A B AR PR E SRR RR A IR AR
Bk 5 XTHs 5 R % V1A G, R, 43 b
XTH FIGA I R TE B A 5 25 PRI rh A 7 FH A H:
EFMLER, XHRAT A A BEERIR ML AR &
HAMRAEAEZE X,

ARHFFE N E A/ L AR F] 1 A~ SRR
i IR AR e 5L K LoXTH23, HIF I P HE 4 K
858 bp, it 285 PMEILIR, FA 1 MNAIRYLESE
GH16 &5k ; LoXTH23 £ [1°HF 7 L faf 7% FE
K7 I L S, W A e = 2 v 40
MU TAL, & 1 MG SR fen R R

XM041163145.1 Juglans microcarpaxJuglans regia
XM043134222.1 Carya illinoinensis
XMO018975556.2 Juglans regia

[ xwossoss

Q38910.1 Arabidopsis thaliana

XMO035038165.1 Populus alba

LoXTH23

XM020843517.2 Dendrobium catenatum

XMO010930996.3 Elaeis guineensis
LR792827.1 Digitaria exilis
——XM044581722.1 Triticum aestivum

——MH676107.1 Sorghym bicolor

MH676107.1 Pterocarya stenoptera

E 10 LoXTH23 ARG L BN
Fig. 10 Phylogenetic tree of LoXTH23
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