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(Abstract] Objective To reveal the possible functions of HQT2 gene in the chlorogenic acid biosynthesis of Lonicera
macranthoides Hand-Mazz (L. macranthoides) and Lonicera japonica Thunb. (L. japonica) by cloning the fulldength sequences of HQT2
genes from L. macranthoides and L. japonica respectively for bioinformatics and expression analysis. Methods The total RNAs of L.
macranthoides and L. japonica were extracted respectively using Biospin Polysaccharide Polyphenol Plant Total RNA Extraction Kit.
The full-length ¢cDNA sequences of HQT2 genes were cloned by RT-PCR and RACE, and bioinformatics analysis was performed on

them with relevant softwares. Real-time fluorescence quantitative PRC (QRT-PCR) was used to determine the relative expression
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levels of the genes in the stems and leaves, as well as the flowers at different flowering stages of L. macranthoides and L. japonica
respectively. The content of chlorogenic acid was determined by HPLC and the correlation between it and the relative expression
level of HQT2 gene was analyzed. Results The full-length ¢cDNA sequences of LmHQT2 gene (MH196564) and LjHQT2 gene
(MK294639) were cloned successfully, each of which contained a 1296 bp open reading frame (ORF) and encoded 431 amino acids.
Bioinformatics predictive analysis indicated that the proteins encoded by the two genes were hydrophili, possibly located in the
cytoplasm, belonging to the chloramphenicol acetyltransferase-like domain superfamily. qRT-PCR showed that HQT2 gene was
tissue—specific, and its expression levels were different in the stems and leaves, as well as the floral organs at different flowering
stages of L. macranthoides and L. japonica. There was a certain correlation between chlorogenic acid content and the relative
expression level of this gene. Conclusion This study cloned HQT2 genes of L. macranthoides and L. japonica successfully and
analyzed their expressions in the different plant organs. It is speculated that HQT2 gene plays different functions in the chlorogenic
acid biosynthesis pathways of L. macranthoides and L. japonica, which provided a research basis for further study of the function of
this gene and the regulation mechanism of chlorogenic acid biosynthesis in L. macranthoides and L. japonica.

(Keywords) Lonicera macranthoides Hand.—Mazz.; Lonicera japonica Thunb.; HQT2; gene cloning; bioinformatics analysis;

expression analysis
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FIH RT-PCR F1 RACE K | se W 25 HQT He A
14K cDNA JF 5, 0F AT A W15 B 2% 4 B L 18
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1.2 &)

Z W Z T A W) 5 RNA 2 B0 ) & (Biospin,
BSCO5ST, ML 18 H BRE A7 BR 2 /) 5 B s il vl &
(RevertAid First Strand ¢DNA Synthesis Kit, K1622,
Thermo) ; RE SIRMIEERE DNA IR £ .CW2302
2xTaq MasterMix (Dye) ,CW0682 ,2xPfu MasterMix
(Dye) .CWO0682 (¢ oy 1 22 4= Wy Bk 4 A BR 22 7] ) 5
pEASY ®-T1Cloning Vector,CT101 ,pEASY ® —Blunt
Cloning Vector,CB101 ,TranStart® Green qPCR Su
perMix UDG,AQ111(dti X & WEHE A RAT ) ;
RACE i 7l & (SMARTer ® RACE57/3°Kit, 634858,
Clontech) , 51# /7 W3 1, i _Lifg A= T AW TR I
A PR A RIS R, SIS 10 wmol/L,

2 ik

2.1 HQT2 EEMZEE

2.1.1 & RNA #2HCF1 cDNA & BUGE B KT
PAE R AT LR 2B Y S RNA 2
BGR 0 & 1 4R BUE RNADY F 1.5% B I b gk e
HLUKAS I RNA 1) 58 3 1, R 3 11 40 BT AR I RN A
(2l B F 5 4 1 RNA , 2 RevertAid First

Strand ¢cDNA Synthesis Kit iP5, ¥ % 5% & BlicDNA
(2R —BE

2,12 HQT2 FENEZ.O R By 1 R4 A B §r
W S e 25 3L SR BUE B HQT (4)% 51 (Uni-
gene9130), W /| Primer Premier 5.0 & it4EmME5 4
HQT2-F Fl HQT2-R (L3 1), LAt % 5645 2119 D-
NA B #E4T PCR 73 . PCR WK & 25 pl:
ddH,0 9.5 plL,2%xTaq MasterMix (Dye)12.5 pl,

¢DNA 1 wL,HQT2-F 1 HQT2-R % 1 pL. PCR J
B4 94 CHUZEYE 2 min;94 °C 7ZE1E 30 5,60 C
Bk 30 s,72 CHEAH 1 min, G 35 ;72 CLAAE
110 min,4 CHEAFE, PCR 7=4) FH IS 15 868 i i Tk
HEATREI VIR H A 44, P S I8 B BE I DNA [7]
Wi ) & A7 |, P pEASY ®-T1 Cloning Vector
REMR, 5 B AR E R AL E Trans1-T1 B2 &
A, it & A 20 me/L 1Y X—gal (57 -4 -3-
5l B—D—FFLBE ) 500 mmol/L #J IPTG (5 N
F-B-D-HACFZL L) . 100 mg/L &) Amp (&
PEMR) Y LB [ A 8% 55 B 1A T W 10 36 0 2 | Pk 3t 11 36
AT ¥ PCR, ¥ FRPE s B4 70 T 5 Amp LB
WA F7 B i G 7, BRI A W EOR AR
N EDO B HEATI

2.1.3  HQT2 %W 37 F1 5° ¥ RACE §" 4% AR 4z
“2.1.27 WO B Be R A5 R T RACE FF 5
Yy (UWLF 1), %% Clontech /A F] SMARTer® RACE5/
37Kit 2l ) & U B 43, 3845 57 il 3'=RACE - Ready
¢DNA , A Tricine—-EDTA Buffer # %%,

JK 5 EZ A& HQT2 PCR 2 N ik & 50 uL:
PCR-Grade H,0 15.5 pL,2xSeqAmp Buffer 25 plL,
SeqAmp DNA Polymerase 1.0 pL,5" 3¢ 3'-RACE-
Ready ¢DNA 25 wL,10xUPM 5 wL,5 83" 514 1 pL,
PCR W 4514 .94 °C 30 5,72 °C 2 min,5 G 3H;
94 °C 30 s,70 °C 30 s,72 °C 2 min,SPEH;
94 °C 30 5,68 °C 30 s,72 °C 2 min,3" it 25 M
W57 35 30 A,

24 HQT2 % 1 K PCR & R R & 50 ul.
PCR-Grade H,O 15.5 pL,2xSeqAmp Buffer 25 nl,

x1 sl¥FE%
314 % Bk ST (5—3) 519 i H b5 K /bp

HQT2-F CGGACGGTTAGGGTTTGATGGT ol i B i b 790
HQT2-R TACCCGTTGTCCATCTGCGTTA W Fr B e b 790
Lm-HQT2-3" GATTACGCCAAGCTTATGAACACCGCACCAGCCCAATCAAGTC 3° ¥ RACE il 953
Lm—-HQT2-5 GATTACGCCAAGCTTGGCGGTGGAAACAGCCTTGGGACTTGAT 53 RACE 9" #4 836
Lj-HQT2-3" GAGTGCTGTTTGTTGAAGCGGAATCGGA 3 ¥t RACE ¥ 34 (4h514) 953
Lj-HQT2-3'N ATGAACACCGCAACAGCCCAATCAAGTC 37 ¥ RACE $"8 (W514) 908
Lj-HQT2-5 TCGTCCATCTGCGTTAGGGCACTGTGAA 5%t RACE §"3% (41h5149) 1068
Lji-HQT2-5'N TGAAGACCACATTCCCCAGGTAGCCAAA 5% RACE #74% (N514) 1023
V-HQT2-F ATTTCAACTCAAAAGTTTCCTCCCTGTC AR IIE 1621
V-HQT2-R CCCAGGTTCAACGTCATTGATCCATAC R IIE 1621
Q-HQT2-F TTTCCACCGCCATCCTAAAG F 6 E 7 PCR 102
Q-HQT2-R GGACCTCGTATGTGCTGTAATC S G E i PCR 102

18S-F CTTCGGGATCGGAGTAATGA AT

18S-R GCGGAGTCCTAGAAGCAACA N
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SeqAmp DNA Polymerase 1.0 plL,5 3% 3'~-RACE-
Ready ¢DNA 2.5 pL,10xUPM 5 wl,5 &% 3-4h5|4)
1 pL, PCR R &1F:94 °C 30 ,72 C 2 min,5%
a4 ;94 C 30 5,70 C 30 5,72 C 2 min,5 M
;94 °C 30 5,68 C 30 5,72 C 2 min,35 P
o 82 WS PCRIE 1 %K PCR ™91 1 pL,
A 24 uL Tricine—EDTA Buffer # B¢ J5 /F Jg 5 4z |
ViR % 50 pL:PCR-Grade H,0 17 pL,2xSeqAmp
Buffer 25 wL,SeqAmp DNA Polymerase 1 plL, % 1
W PCR WM B 5 wL,UPS 1 uL,5 8¢ 3N 519
1 plo, RO &:94 °C 30 5,68 °C 30 5,72 °C 2 min,
25 MR,

P71 B Y 2R ORI e A 5 R ] <2.1.27 30
Horp A4l pEASY ®-Blunt Cloning Vector,
2.1.4 HQT2 3N ¢DNA 2K FHEIE  FIH Con-
tingExpress X 37 % fl 5° Wi if 47 7 9 P4 A5 BIHQT2
JEINHY cDNA 2 K RAEPF % 4 K B3 eDNA 4 K
¥ UE 514 V-HQT2-F Ml V-HQT2-R( WL 3% 1), LI
“2.117HUF ¢DNA SRR AT 4 K ERIE A 5
25 pL:ddH,0 95 pL,2xPfu MasterMix(Dye)12.5 plL,
¢DNA 1 wL,V-HQT2-F fl V-HQT2-R % 1 pL.
PCR S A& 94 CHIAEYE 2 min;94 CAEPE 30 s,
60 CiE2K 30 5,72 CHEAf 3 min, fEH 35 ;72 C
ZAEAR 5 min,4 CHAF, 1 H 957 ISR 7
Ao AR A 2.1.27 30 L ARl A p EASY © —Blunt
Cloning Vector,

22 HEYMEEESH

% H NCBI 15 £ % /4 “ORF finder” £ $& HQT2
() FF L e 2 HE (https:/Awww.nebinlm.nih.gov/orffinder/) ,
il 1 7F 26 A4 ProtParam (https://web.expasy.org/prot-
param/ ) TN A R4S H, 20 B 0% 35 D8] 44 6t 2 19 o
AR B R A R B 1 SORE X 20 R BRI AR E K
FasEMES 280, R ProtScale A% (hitp://web.expasy.
org/protscale/ )M 7& 4 1 o % 7K P /i K P ; WOLF-
PSORT (http://www.genscript.com/wolf —psort.html ) 7£
£ PN R P 5 40 B 22 A1 B ; TMHMM. 2.0 (http://
www.chs.dtu.dk/servicess TMHMM/ ) 3 17 & H JiT i
4589 43 Bt 5 SignalP 4.1 Server (http://www.chs.dtu.dk/
services/Signal P/) {5 %5 ik ; InterProScan (http://www.
ebi.ac.uk/interpro/search/sequence—search) 7 ¥ & H
J5t %5 ¥4 35 ; SOPMA (https://npsa—prabi.ibep.fr/cgi—bin/
npsa_automat.pl? page =npsa_sopma.html ) I SWISS -

MODEL (https://www.swissmodel.expasy.org/) X 1 43
) TN A TR R4 R A = R A5 A 538 g NCBI
P 28 1 BT A0 85 PR iR AT BLAST, Wi 6 H (W] 501 ¢
= Rl R DNAMAN #4104 547 82 SE e 2 & 7
FILLXT ,MEGA 7 BAFH R G
2.3 HQT2 EERBALARIEKFESH

R HQT2 BN 2K JF5, 1T qRT-PCR 4§
ST Q-HQT2-R 1 Q-HQT2-F (.3 1),L118S
rRNA {§Ch NS RIS 42 182,117 3005 12 S IBOK
HEAAHHAZE W5 AR FEEM LR SRNA
¥ RNA GE B, S5 3 cDNA, 3EAT 52 I 98 5t %
T, RIAKFR 20 pl:TranStart® Green qPCR
SuperMix UDG 10 plL,cDNA 1 pL,Q-HQT2-R Hi
Q-HQT2-F % 04 pL,ddH,0 82 L, &4%:50 °C
2 min,94 C 10 min;94 °C 5 s,55 C 15 5,72 C
10 5,40 DGR, MU Ak 220, B A B 3
K, SIS TE Bio—Rad CFX96 LAY, R 27 {145
FEA A Rk i
24 REZDLZNBEZ MRABEPLZRR
2ENE

FIH Agilent Technologies 1260 Infinity /= %
AR, R Supersil ODS-B {245 (4.6 mmx250 mm,
5 pm), 22020 4 RCH AR RS RNE 25 8 ) 4R
FEIIUT & I R 7 5 D 5 7 vk 0 R T 2L A F 2L
25 M RN AE AR R dh 1E 4T HPLC 20T,

3R

3.1 HOT2 EEE=KKE

3.1.1 & RNA U420 K EE B A A& ML A AL B
RNA 350 i W5 458 115 L ik UL 1l 2, AT AL 28S T 18S 2547
WY, Horp 28S &b iy 52 BE 2 18S By A, Ui ] RNA
SERAE B | Aggoso TH N 1.8~2.0, Agomo TH>2.0, RNA
AR JE G S B K

M

2000 bp

1000 bp.

285 750 bp.
500 by

185 P

2000 bp

1000 bp
750 bp

500 bp 250bp

250 bp

100 bp

100 bp

A B
B2 & RNA IRfEHERIKE
U AKHEBRL BAL,
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3.1.2 HQT2 #%.0 Fr B3 i 2 5% 5k 41 Unigene
FE A8 519, B RT-PCR ¥4 1445 %) H #x 4%
W, KRR 790 bp, WA 35205k Mk glifk  FokE
PG AR K B A M A2 e BUF A48 792 bp,
T DNAMAN FEXT 5 % sk 2 Py 45 SR B AR — 3,

3.1.3 HQT2 34K cDNA B934 RAEZ.o
By AT RACE #¢ 52519, 4 WlEAT 57 v Al 3
s, KB H A 37 UG TE 953 bp A4 4%
SEAT 57 U AE 836 bp A4y Ak SEA o 24 37 i
£ 953 bp Zid7 B — 455844 ,57 Wi 1 068 bp A&
A I — S5l o se Al VIR Il S fe 2 Ak I
Peke P 5 B 8 37 S 5 i AT AZ O BEF )
AT P, I HQT2 JE R cDNA 2K 5 51 34
1 651 bp, Bt K UES Y, A“2.1.17 5 F 1) cDNA
HBHR AT PCR &35 75 1 600 bp 2245 A B ik 5
— st B sE Al I Alidk  soRE I E DT AR S
Praz K p o) — 20, Ul L) s HQT2 A
) cDNA &1, KB BEAL HQT2 KR I 4,
A HQT2 FHREE R ILA 5,

32 HQ2 EEAYIERFENH

321 HQT2 HEFALFE KEEEZLXLH5UAL
HQT2 3N K8 1651 bp,3” wdEgmts X 236 bp,
#4130 bp 1 ployA 2,5 ¥ dE4RASIX 119 bp, iE] H
A 5L T L R R HE 1296 bp , % 7 51 4 B 2 JE 1R

M M

2000 b,

1000 bp
750 by

500 by

2000 bp

953bp  1000bp
750 bp

500 bp

250 b
250 by P

100 b

M

2000 bp
1000 by 200009
P
1000 b
750 bp 790bp 759 u: 790 bp
500 by 500 bp
250 bp
250 bp
100 bp
A B

B3 HQT2 EEiZO R BRI E~0
HAKBTELBAL,

431 A4S B AL Z NCBI SRS Wl 4 LmH QT2
M LjHQT2 ,GenBank % 3% 5 73 5] iy MH196564 A
MK294639, ¥ % i) 4 L% L X LI 6.,

FIH ExPASyProtParam 7E £ 8 {4F%F K B B 24
54 HQT2 Hk A 4 it 2 11 ) 2R AL 1 S5t 847 5000 73
B, 25 R W3R 2, W0 1Y 2 AR T 25 R R R
ForE R <40, TUI P S Re g B P 8
i 7K 22 80<0, HiE 1 ProtScale #E4T 26 o 25 7K M/
AKE S AT (7)), B0 H S SE KPR B, WOLF
PSORT il HQT2 & 1 vl G AL T 4u ML i rp iz HITE
LA TMHMM 4387, % B iz 3 R 4 A 11 2 3 TR
1-431 8RS , A EA BRI, SignalP 4.1 Server
BEAT 5 5 R0 2307, & B HQT2 A BA {5 5 k5
G eI AR5 W

M

il 1600 bp

4 LmHQT2 EFE £ cDNA K18
1 :M.Marker; A.3' RACE ¥ 724 ;B.S'RACE " 3 724 ; C. &= K cDNA ¥ #4724

M

20006p 2000 bp
- wow 90N
500 bp 500 bp
250 bp 250 bp
100/bp 100 bp

M

2000 bp

1068 bp 1 223 gg

500 bp

1600 bp

250 bp

100 bp

B 5 LHQT2 EE £ cDNA B 14
1 :M.Marker; A.3'RACE 4" 54 74 ; B.5’RACE ¥ 8474 ; C. 4> K ¢cDNA #3779
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REEREHMERERFT .seq 1/ 40
Consensus mkinvkett ikpaketpnkklwnsnldilvgrihiltvy
REEREHIEERFT .seq 80
Consensus fyksngsnnffearvlkgalsnvlvsffpmagrlgfdgdg
REEDEZHTREBKFS] . seq 120
Consensus rvdincngegvlfveaesdsvvdefgdftpspemksltpe
RBEREHIRERFF . seq ¢ 160
Consensus vdysgeidsyplvvigvt fkcggvslgvgvhhtlsdgvs
REEREHMRERF .seq S 200
Consensus slhflntwsdtar ls1avppf1drtllrartpptptfdh
BEMERERFS .seq i ) 240
KREERLHIRERFT .seq P N 240
Consensus veyhpppsmnta agsspkavstailkltl glnnlksta
REEREZTAEBRFT . seq 280
Consensus kndgttkdystyevlaahlwrcackarglakdgmsklyia
REERZHTAEBRFF .seq ] 320
Consensus tdgrarlcpplpfgylgnvvftatpm vsgdlvaepiids
BEHQTREBFF .seq D, 360
RBEREZHIRERFF . seq N 360
Consensus srrihsaltgmd gylrsaldylellpdlkalvrgphyfa
REEREIRERFT . seq 400
Consensus spnlninswsrlpvydadfgwgrpifmgpasilyegtiyi
BEHTEERFT .seq i 430
mﬁ%?zHQTﬁgﬁFﬁ_ﬂ seq U 430
B 6 LmHQT27# L]HQTZ ﬁgﬁ @J [:[:Tflg
%2 HOD RABUHRD WSROI 8, FUR R R S K L R
IRALHE LmHQT2 LHQT2 FE 45 ¥4 388 Z % (chloramphenicol acetyltransferase—
7y
i CowblaeNscOSn - CaHmoN O like domain superfamily, {3 %4 3.30.559.10, 1 s 1-
ARXT 53 ¥ o1 i 47 606.54 47 534.40 205 H1209-431 2‘3{ %}:. ﬂ:%ﬁz@@ f
HE AL A pl 6.56 6.26 aa aa) , K JK)m (transferase ,
REERE 39.30 36.10 HEBE PF02458, o7 15, 1-428 aa),
WL AR IE (Arg+Lys ) 40 40 FIH SOPMA # 4% HQT2 £ 1 Y 245 14 ik
il P .
BRI (Aspe G 2 “ T, 45 5 W3 3 A 95 T 3 9 — G4 Ha G A
[IES 88.45 90.46 -
. ZERK, Hor o R E FBEATL A 1% 28 1 — R A5
3K & H -0.084 -0.068

322 HOQT2 HH BN %%, =Rty W
InterPro Xf LmHQT2 F1 LjHQT2 & [ 45 ¥4 3 1k 17 i

A ProtScale output for user_sequence
2.5

thob. )Kyte & Doolittle

2 b
1.5 [
1}
05

Score

0 -
0.5
1k
2.5 |
2 |

2.5

50 100 150 200 250 300 350 400
Position

M EZ IO, 18 H SWISS—-MODEL @4 T 275 £k 1l
W HQT2 & A A =454, il 10 Frw , T & sr
SRR A FE TR IR R 1-429 i, LA[5kjt.1.A]

B ProtScale output for user_sequence

thob. YKyte & Doolittle

Score

50 100 150 200 250 300 350 400
Position

B 7 HQT2 BEEFTHEEBQRFKE/BKESH
A LmHQT2;B. LiHQT2,
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Homologous superfamilies

Domains and repeats

None predicted

Detailed signature matches

@ IPR023213 Chloramphenicol acetyltransferase-like domain superfamily

» G3DSA:3.30.55...

G IPRO03480 Transferase

) » PF02458 (

8 nolPR Unintegrated signatures

» PTHR31642 (FAMILY N...)

» PTHR31642:5F66 (SUB...)

B8 LmHQT2 1 LjHQT2 %

£33 HQ2 ZREEHETN

ZE K oe LmHQT2 LjHQT2
o 125 137 4k (31.79%) 136 4k (31.55%)
K& AL 1M 193 4k (44.78%) 202 4k (46.87%)
i {4 83 4k (19.26%) 78 4k (18.10%)
B s 18 4 (4.18%) 15 4k (3.48%)

NN, AU IK 60% , 4384 shikimate O-hy-
droxycinnamoyltransferase ,
3.2.3  HQT2 2 518 Jy 4 [a) I v L X i &R 42 i3 Ak
B 5r H7 0% H NCBI ' 19 BlastP 78 28 i fF , X
LmHQT2 2 K12y ) 347 [/ P 148 %, J DNAMAN
HEAT HX, 5 L HQT2 [A) U8 M f &, 35 98.14%, 5
& 8 Platycodon grandiflorus (AEM63676.1) | 4 &
Nicotiana tabacum (NP_001312079.1) . % i Solanum
lycopersicum (NP_001234850.2) . ¥F 81 % N Daucus
carota subsp. carota(AN053925.1) . %55 Ipomoea bat-
atas (BAJ14794.1) [A] I8 14 53 331 743 :74.04% 68.71% .
67.81% .6343% 61.72%. izH DNAMAN Xf LmHQT2
KLHQT2 fil b i A5 %) HQT2 % (k- 17 £ ¥ 51 [k
X AR Iﬁkﬁﬂﬁtkﬂbjﬂla T
MIHQT & PR 4 I 92 75 4 ISR 1) & ) b e # o A
FHUSSU R DL F A HQT S # 2 A PLN02663 #2
RIS A S5 B, iCRAA ARI R D RE . A
11 b5 8 LA EE XS N 3 2 53 BOK, 1X T fiE S

A

N 3 2 PRl S VRS 5 A G

JgE HQT2 ﬁ%@zﬂ%ﬁuiﬁ%&*ﬁ%%u&i
Z ,7E NCBI 1 BlastP S5 A FEMmARRIR 11 5%
HMRIF3, iz MEGAT 4 4 NJ L4Jc$X¢,/n%ﬂ@
12, RGEHAM FEH N 3 DMK, K BEL
(MH196564)5224-(MK294639) EH##(AFZ78609.1) |
7 2 (BAJ14794.1) ki i Ml (ABO77957.1) |, BF i
2 N (ANO53925.1) #E#2 48 (AVA30527.1) R —1
K, 5 FBHA S 1 B4R % R IR,
33 HQOT2 BEEARBRERIE

JKEE R AZE M AERE SRR EEE IR I
Bl 13, KH T 2 A R A AR b 75 728 W AR G 3=
EERE,EMRZ SR =R
(P<0.01), 75 WA A . ARIESE v, LLAE ek
2 [ M XA B > 25> (AR, o e g A
X ek A, 2R 1.96 5, R TR I 4.97 %5,
2 AN R AE S A6 A it v &)y 75 101 R X 3 36 o e g
WK, A AR R IR A7 AE B 35 22 57 (P<0.01),
RALWEAR, ARG E D, LAE WS ], *ﬁxﬁ
FEIR N U WIS 0T > 25 HAE 13 30T A R X 2 0k
e, S 2.59 £, R 251 6.68 £,

13 AT HQT2 FEHRAEA A 5K B AL
{18 AN ) A6 1 RS ) 1 B oy, EL AT AN [ 1) A G 323
5 AR AR D K B R A W S

(i

)muﬂ“mu |\|||||(|”\||

el

"""l‘|‘||"H"”"‘|"”ﬂ””““‘m””

il I

Hlllm\l\lll

‘lu“umﬂ"”

'|\|||||(|”\||

i

WNWH I

IIHIII\|mlIIII\I\II"IIHI"mll\l\‘“n ’

B9 HQT2 M HKLEHFm
O ACR o BRE , 2L A AR ERIE R BE , 2 (0 (U 3R B 4% M0, SR UK BENL G T ;A LmHQT2;B. LHQT2,
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B 10 HQT2 W=k &5 +a i
A LmHQT2;B. LiHQT2,

WA X ek BRSO NG A S AR
15, P AR AE I 5 4 A0 A X ik 25 RN s R TR R
B, PIE AL ZE AR R A 2 5 Az Sk
3,
34 MHEERE . BE
BEE

TR B 202 TN 2425 i KA () A6 3 AE A o 2
JER & i 5 R UL 14, KRB B R AL o R & i
ANAEW ZERI Y R THRA, KEBELAMEALZE

)

SR AR HA T B R R

REERE .seq
B R .seq

%E .8eq
HE . seq

ﬁﬁﬁ .seq
FPB b .seq
BE seq

Consensus mki ke t P

REBERE .seq
B % .seq
8 . seq

HE .seq
§7J-ﬁ.seq
FPB b .seq
BE seq

Consensus

REERBE .seq

B%& .seq

&1 .seq

BE .seq

HE .seq

FEHZ N .seq

BE .seq

Consensus

RBEEREL .seq  .SSPKAVSTATL
B % .seq . SSPKAVSTAL
&8 .seq KSSPKPVSTATL
WE .seq .TSPKPSTITM
&l .seq .KNRESSTITM
HPHE M .seq .ESTPETSVSI
BE .seq .NVTSDTAVST
Consensus

REERE .seq
B % .seq
&8 . seq

MAE .seq

FEH . seq
FHEZ N .seq
BE seq

Consensus

RBEBE .seq
B%& .seq
118 . seq

MAE .seq

FE M .seq
FPED b .seq
BEE .seq

Consensus

& 11

p lp gy gnv ft tp

dfgwgrpl mgp i yeg

LmHQT2 . LHQT2 5 E#E4 HQT ZEAK Z /7 5 tb X o #f7

LSEVL

LSEMI)

TR IR O e 3 R B AIG AR AR R K E B R AR
1R Er it A 1 T 2 DR L A SR D R o o e e
2 SR O R I B R AR R R A ek IS TR
R, AR N B R S TG B

4 1Fig

RN BLAGKEBRALILHE RS Z
— o HQT &R A& BLE R v e — 20 i G
fiff | fE A AL MEBE A A A RZS 2 R AT IR 58 A Al
o E R,

AT N T v R K HE B A5 A A HQT2 S
K, 35 9l 48 LmHQT2 F1 LiHQT2 ; 5 % 5 [H 4
K1 651 bp, A 22 NI S AAEZE S BA
SERE B FF L 2 HE 1296 bp, B LR 431 4, 8 4
GRS AFAE 22 5 5 WO Ry 25 K e B 1, AN 240
WARE 1, AT R A AL T AR I BT T 1 R TG R DA 2
1B 5 431 (02 HE R 45 o, 10000 J T s e i b K
W o WA 1 G S5 AR T TR AR 25 RN K o R TR AL
SR g = ey g IR ST It €2t (3B N
—H, [FHEMEXT L, 3 S R AR AL 6 98.14% , &

CHCEENCNCEeNe)

v h vyfy ng EE k 1s 1lv fp

SMNTAPAQ. . . 215
[SMNTATAQ. . . 215
SMNASVONTNP 228
SLISSSKSLES 224

218

288
288
300
292
286
289
288

363
363
37&
367
361
364
363

M T SKDRNLRLEVCIEDAG] 430
CN . DGSLSVEI SEOAFE, 432
[EN . DGSLSTRT SHOEE] KE. 431

psp a 1 hm 1f ly

TIYIM (TN . DRSLSLEIVCIEDV G| 431

SR T TN . DRSLSLEWCI#DV! 431
ITIYVI] DN . NRSVSLILCIREAD) K 443
ITVYIL} (NSKDRNLRLEIVCIEDAD) 436
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100 - 4 Lonicera macranthoides (MH196564)

100

100

—

Populus tomentosa (AFZ78609.1)

100

"l

100

A Lonicera japoniaca (MK294639)

Ipomoea batatas (BAJ14794.1)

Coffea canephora (ABO77957.1)
Daucus carota subsp. carota (ANO53925.1)

Petunia x hybrida (AVA30527.1)

Cichorium intybus (ANN12610.1)

Artemisia annua (PWA55118.1)

Cynara cardunculus var. scolymus (ADL62854.1)
Platycodon grandifiorus (AEMG63676.1)

Nicotiana tabacum (NP 001312079.1)

Solanum lycopersicum (NP 001234850.2 )

B 12 LmHQT2 # LjHQT2 B A NJ &G4

LEROP S uuiTs
O = N W A LA ® OO

YFEH FEN OE Bl el = it
— REBEL — D&
13 LmHQT2 # LHQT? EEHEM F& 8

6. LRIFR

YEE S GEH RN S%m % o

14 REEDLZMDER . EMHERRSE

G AR 3 AT P Y SR 5 OC R AR

SCHERIF SR R BT, KB B A AL B A e 45
i 5 i e U020 R R OAS [) A6 A A rh SR R R B AT
FEZST . RGP S RS [R] 46 H 46 1 S R 1 i
S5 HQT2 Fik# MO, A5 2 qRT-PCR XA~
[ AL A AE AT BB 0, KB HQT2 7E W H 1Y
ANFEAEIAE h R BRI R FERKEBR LT
AR S PR B A A e R R
PR, [ SCERIE Y R KB B A 5 A4
(0 AN ) i B 4 D R 5 B 0 A7 7 25 22 R F Gkt
T HQT2 fEAFER E X ik, KB B AL
R SZES TR AL, AA N U AE LSS ZE | B
122 35 DR T AN [ A ol A T] 35067 356 TR 1) 2 3k i HL AT 2 41

TR

S5 B O M IKCH T 2L A RN AN TR AR I A6 B 25 |
G JE R o A R RT KCH T 2L A R 2L AL B LR
T i R BE PR SRR A — ARG, A=A
PRSI HQT2 (A XT3k 5 5 4 R 7 ik 52 A I
POMAESG A TR AN ZE ik AR # i K B
A I AN A 3R DG ANHE ZE R rf A A )
XK HQT2 ALK E LA TS 5%
DR A 4 1 R HE I D RE R RN — 2,

NIGGEWEG ZE"TE M FL v 4385 1 HQT 1 cD-
NATEF Al th HQT M 33k n] 7 8o Frrp & e 1R &
TN 85% , T HQT Ui Bk 3 oot F v & J5 R %
AL 98% , CLE Z2F 58 th % B, HQT LM it 6 1k
14 2 ok SR B i B v R AR A2 545 BRI
TR Y 2 i 2 R 7 & I, SONNANTE 451
KL T HQT1 HQT2 5 4% J5URR A Rl 2. 2 A
K, PENG!™5 5K i 42455 2L 4 rh sg B HQT1
VK HQT1 5K 5 A Rosetta(DE3) K% 7 7 5 22
KAGHL P R R SRR S B B R,
CHEN %P5 7R B2 L HQT1 FE KA CDS v
G|, Ky g R B AR AR R e B DR A R b R R RR
WA T KA 60%, LRI RW,HQT e ARYFh
SRR AEW A BT B T CHEEN, EHF LT
LmHQT1™ 5 A 55 e B 1) LmHQT2 R FE 1R ¥ 51,
P AL K 79% , 2 1 BRALRRE 5 25 R A 4D 1
5] i5F K] H BlastP #F 47 HABAE Y HQT 5 LmH(QT2/
LiHQT2 YXF , HoAHLRE ey, nl 3000 A F 52 v B 7%
B HQT2 B H ] B KB B 2 &/ 4 HQT iy
— B0, SR H AU HQT2 SEH I IKH B 24
5 A& Rk AR AT HQT2 FE T BE S IE |
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