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Abstract: Objective Cloning of the F'sADHI gene from Forsythia suspensa, and a preliminary exploration of the protein localization
and the expression pattern of this gene under low-temperature stress. Methods Based on the transcriptome data of F. suspensa, the
FsADH]I gene was cloned. The physicochemical properties of the protein encoded by this gene were analyzed using bioinformatics
methods. The sub-cellular localization of the protein was analyzed through transient transformation in Nicotiana tabacum leaves, and
the expression pattern under low-temperature stress was analyzed by real-time fluorescence quantitative PCR (qRT-PCR) technology.
Results The FsADHI gene was 1 143 bp in length and encoded 380 amino acids, which was a hydrophilic protein, which was
expressed in the roots, stems and leaves of F. suspensa seedlings. The protein encoded by FsADH1 gene was localized in the cytoplasm,
and the expression level of FsADHI gene in F. suspensa seedlings increased first and then decreased under low temperature stress,
reaching the maximum value on the third day. Conclusion FsADH]I gene is significantly induced by low temperature stress and may
be involved in the regulation of F. suspensa low temperature stress response. This provides a certain reference basis for the subsequent
studies on the function of the FsADH] gene and the improvement of the cold resistance of F. suspensa.
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Y. W JERAEU R EE 2 H N, YT,

ADH JET 1 NMPNERFE, Rl oS Ol
Z IR RT3 S 21, ADH RJ DM 20 S Rl 2.
TWE b, CEAERA DR AR B2 3 s ) 2 S R A s T
ADH WIF] PATEAE fd JR % NADPH i[RI, K £ B2
AL JE N O/, SR A B H a4 .

ADH fERYIERK K RN A A R DL AR A
EAEYIE (5. Bk, B F IREMEESE
HhOR A EEAERE,

TYAESZ AR AP Ia Ny, FE ) 1 22 2 A0 A= 3
2R A, Wl B e B 5 A O3
F1R) 2 32 SR PR Wi [ T Ao B0 5 PR o U0 R M S Bl
TE T ARBIR B ORI, 2 JaAERREY, FL00 0 2
HIU MHE DAY RN ADH KT T 8%
HUAS [F R AP a8 T 0 25 B Rk 20 o R W 1)
CsADHs R:HNEZ 5 MNAEKKE . W RIE4E
Y a g R R EA/EHD, RS ADH FEH
L VA AR R N2 =3 7 S TE L P - B U O 2 i B P e
93T, SIADHs FER X Ve e . EhHE . ABA 4b B
B —Em RS, AR T 5 BESIEEY
fria . MR NtADHs R #% S RIA02, @i
JK CmADHs 1£ R SEAF S & s i A 5
B4R e,

TE5M Forsythia suspensa (Thunb.) Vahl 257 T4
RAELZ), NARBFHEMEZ FAEARREYT, &
FHCLT RS N, 2 VF 2 2 I B B Rk 1R
E BB RUACHEA, A B AR AME,
M H 2 B HEFE B 7K LR i A B E
—o AT TR RWAWHG, T RIEM O AT
Tz . TN TR X R A 3~4 A, st
TG B2 AR B 8190, AT 36 s X ) o b i 3
IS FPE N BT, ST AR a5t 5
SEFTEAS RS FP 2 [a] [ AR 021, SR AE ) i dE i)
REAHOCEE DR AR T8 b, 6T ADH BRI 5T
MR WARIE -

KM TR T 0 i R S A s Bt B, wof
FsADHI B:PRIFF3HA7 EMME Bty a6 EA
M EAL, ZHEVRR R 1 Rk 43 B AR IR B ) 2
R RIE K8, NP0 %R FsADHI %:[A
(1) D red HEBE R BL A
1 MR5LEE
1.1 MR

BIF 5 BT R Rk ) | =1 D0l T = (R EL XU

TEHR, AN SIS V4R E A a6 1 ARk 1% F AR T
Nicotiana benthamiana, S AL 2= RATF

Peade t T % R 1, RIELAE 0.5% = iR
IKVEW . ##E 30min J5, FUURKIFT3AELE
2, HBEFRKFET PR ERKERE, ek
TIRIBAE ERAKHER 30 CHEZE 8 ho L 2R 1)
AR AT S A E R LR, B R
fi, 25 Cii=, el 16h. B 8h #5398, 154)
B 2~4 FEMJE, RMHFRRREREE TR
(13emX 16 cm) FPEREEETR, BEH 3 PR, LR
FET B BHEOR A 2 B — BT 2 P AT, Frghiiik
FEVHIRREA (18£3) em, AR ALHESZEG
1.2 {8

e 2 U A GHITTE SR BEA TR A 7))
5415 R B = E &0l (Eppendorf). JY04S-
3D BB MG RG CBERIKARARD.
NanoDrop 2000 ¢ & 73 6L EE T FV3000 2
BOtHEMILRE RS (Olympus HRAFD.
Lightcycler96 A5 ¢ )t € & PCR X (Roche A
FRATD 4.
2 &
2.1 EME RNA 2B15 cDNA &%

0.1 g Z2AREMA M B, PUdE TR
H, FIRIEEE ORI B B OBy AR, IR 22
Py HEY) RNA SR S IR BOE RS RNA, 5 (5 ]
Ji B3k M Nanodrop M 5E RNA Jii & FI9K &, kS
S L FE T JCIRER T ) RNA R, 1%
Hi S sl & 7572, % RNA %38 cDNA, fif
7120 CUKFE&H .
2.2 FsADHI EEMZESEE

DU R sy A B0 5 1445 2 ) FsADHI FP 3N
%7, iz Primer Premier 5.0 ¥ 51t FsADHI %
BRI R e 519 (3R 1), LR cDNA BT
RT-PCR ¥, #ARWE 2, ¥ PCR Zifki*¥ 5
pMDI8-T #ifkikHz, HMUNKIIE TGl &
A, BRERH P B IR A R, R e R
WIS BRI 50% B H M, i brid 5 7 T
FERIROKAE T, &

%1 FsADHI £[X PCR ¥ #5]4)
Table 1 PCR amplification primers for FsADH1 gene

5144 F 515 (5°53%)
FsADHI-F CCCACTCCCACGTACATAACTG
FsADHI-R CGGAACATACCAAAGCCATCC
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%2 FsADHI EREREKR
Table 2 FsADHI gene amplification system

L%l ARl
2 x Phanta Max Master Mix (Dye Plus) 25.0
FsADHI-F(10 pmol/L) 25
FsADHI-F(10 pmol/L) 25
cDNA 20
ddH.O >50.0

2.3 FsADHI EFEWNEMEEFEDH

i F§ NCBI ORF Finder Chttps://www.ncbi.nlm.
nih.gov/orffinder/) 7 #7 FsADHI & [KFF 7§ 5 52 HE
(ORF); CD-Search DJHE 73 A1 {R 5F £ #4)42k; ProtParam
tool Al ProtScale 1.5/ T FSADH1 & [ 13 A #i1k,
P fi; TMHMM Server Chttps://services.healthtech.
dtu.dk/services/ TMHMM-2.0/) Tl &5 [ 5 1) i85 i 2
#J; SOPMA (http://npsa-prabi.ibcp.fr) Fl SWISS-
MODEL Chttp://swissmodel. expasy.org/) 73 1) Tl 25
IR S5 R A = 55 H4 » Cell-Ploc2.0 Chttp:/www.
csbio. sjtu.edu.cn/bioinf/ Cell-PLoc-2/) Fiiilll FSADH1

AR T 4H e A7 A MEGA 7.0 #At
M RGRE R
24 T4HAEZE(L

i Kpn I'5 BamH 1 %} £iA#H A pCAMBIA
1300-GFP JitRiiiA7 X Y], {8 A CEIl Design £ {45
A H SRR R A B T RIES [, 5% e 2
FBR&IEEI T (R 3). L pMDI18-T-FsADH1 Jii i
NIRRT PCR 386, I A [R5 2 2R B A T 1R
VREA, BEHEN NG RIRZES TGL 1, IRTE
PP EREFR 3d. BRI e RVA1HEAT PCR %55
JG s IEAEIFIAE, F P ERNERY %, $E
ki (pCAMBIA 1300-FSADH1-GFP). [, # A&
FREZA GV3101 1, #5 pCAMBIA 1300-35S-
UGPase-mcherry-NOS [ 4 ffl Jii 1= 4% ¥ 1 &
pCAMBIA 1300-FsADH1-GFP 12 44258/ R &
JEARSIHE, FEL B R WEER 2 d S,
PO R BB i A e . Fi, 488
nm NERER YR AR, 583 nm NAHH AR
AW A LA ABR K.

&3 WRBAENY 514

Table 3 Amplification primers for subcellular localization

EIK/ER

S (5°-3%)

pCAMBIA 1300-FsADHI-F
pCAMBIA 1300-FsADHI-R
pCAMBIA 1300-Seq-F
pCAMBIA 1300-Seq-R

cgggggactgagetcggtacc ATGTCTAGCACTGCTGGTCAGGT
catgtcgactctagaggatcc AGTTTCCATGTTTATGATGCAGCG
CCGCTGACGTAAGGGATGACG
CCGTCCAGCTCGACCAGGATG

2.5 (RIBAIET FsADHI EEFTESH

PRBUEMM. 25, ML RNA, &SR
cDNA, F| [} qRT-PCR #ill FsADH1 H& R 7E 2 AR |
2. MAHZUPREEN . EIAEK 4 AR, @
TG H o HAE KA — By, kT 4 C
PRI AL R, 2 BIFEA TR (0. 025+ 0.5+ 1.
2. 3. 5. 7d) WP AT RORE, WEGER, 2
HY RNA J5 [ #359 ¢cDNA. ¥ it qPCR 51 ¥ 5)
(% 4), L cDNA ABRIHAT qRT-PCR M, 4N
Rt 3 NESE, FsUKNI NNSRE, RH 284
J5k, R&R MR : 2X Ultra SYBR Green qPCR Mix 5
uL, RSP 0.5 uL, #HR 1 pL, RNase-free
ddH,0 3 pL, MM IE T FsADHI £ R R I
W, B A IBM SPSS Statistics 25 (P<<0.05) #E4T
B, 383 GraphPad Prism 9 #2EX 48147
%R 22 B dr

%4 FsADHI £E[& qRT-PCR # 1&5]4)
Table 4 qRT-PCR amplification primers of FsADH1 gene

EIK BRI S5 (5°-37)
q-FsUNKI-F ~ CAGACCAGCTTTGAGGAGTATC
q-FsUNKI-R ~ GGCCAGAAACCAGTAGTCAATA
q-FsADHI-F ~ GCACTGCTGGTCAGGTTATT
q-FsADHI-R ~ GTGTGGCAAAGGGAGGTAAA

3 HZRE5SH

3.1 FsADHI EREFF|HI3EE

PL#ERH cDNA AR, f#H FsADHI-F Fl
FSADHI1-R 5447 PCR ¥ 14, ¥ H=4)4 H bk kG
M, oA KN 1100 bp B LS (B 1D,
WA 5 75 pMDI8-T HiiAME)S, ALK
245, BTEW PCR BRAE (K 2), FHMEREBGEA
AT, W F RS A8, P EN
1 143 bp.
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Maker  FsADHI 3.2 FsADHI1 & BB MR ST 53 4
MABSS 7 F I S A SRR PS5 T TR
FsADH1 & HBEATHN, ZRKW], FsdDHI 3]
1147 bp Zahd 380 NEIERL, PRI AN 5.85, ESRKME
BIME9-0.063, AFaE RECN 3031, JENTRECN
84.61,
FsADH1 3 [ J& 1 i 5% it = g /34 Ji g
1 FsADHI EFE# ¢DNA 5 (dehydrogenase/reductase, MDR) & [ 2 ik 7
Fig. 1 c¢DNA sequence of FsADHI gene 2 — (& 3-a), MDR & il ZOEAE4E RN AR IE 3 A4
HIhRe MR H L 2 F R FH 7 0 K15
—EEH. MEEBBELSHE 3-b), ARAES
ik (B 3-¢)

1 000 bp—|

Marker H-TG1-pMDI18-T-FsADHI

1 000 bp, 1147 bp .
FsADH1 & H 1) &5k il 45 5 LKl 3-d,
FEH 3 M R TR, RS 24.47%
o-BR e 23.68% [ HIAEAHIANT 51.84% JC KL 4 Hi
2 TG1-pMD18-T-FsADH1 &% PCR 45 T SR e FSADHI 8 5 £ 2 HY —
Fig.2 PCR results of TG1-pMD18-T-FsADH]1 bacterial QA o
solution 18 F| SWISS-MODEL 7£ £ W 3 42 #4) FsADH]1

alcohol_DH_plants domain-containing protein( domain architecture 1D 10169731)
alcohol_DH_plants domain-c rotein

specific hits alcohol_DH_plants

Superfamilies MOR superfamily

«

List of domain hits: *
B iaie) = — re———

4 sconol_OH _piats 1 ogenass ymes n the P 0es00

ProtScale output for user_sequence TMHMM result
c

b 25 T

2.0 Ih

58

-2.5 | @ = e —
50 150 250 350 50 150 250 350
(A=Y inside outside

AL L R
50 100 150 00

Euk-mPLoc 2.0:Fredicting subcellular localization of
f  eukaryotic proteins including those with multiple sites

I

||||
200 350

a-FSADH1 & F45#4; b-FsADH1 & AR5 H; c-FsADHI EAfSSik; d-FsSADHI & A —445H); e-FsADHI & =45H; f-FsADHI
& A I E B

a-conserved domain of FSADH]1 protein; b-transmembrane domain of FSADHI protein; c-signal peptide of FSADH]1 protein; d-secondary structure of
FsADHI protein; e-tertiary structure of FsADHI1 protein; f-subcellular localization of FsADHI1 protein.

3 FsADHI EBEMERFENR
Fig.3 Bioinformatics analysis of FSADH1 protein

EAM =LA, =g 3-e Bt FVETGINAEAL S — 25 1R AEAL. T FsADHI &
7~ H 4rgt.1.A ABERR, EEEEEEN 84.99%, H HEA R (B 30,
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3.3 FsADH1 REBRFHIFH LR 517

M NCBI #5455 e ok BUCAS [/ ) ADH1 25
F¥ %1, % FsADHI [R5 F 3T R G0R B #73#r (1&
4), ZEREIR, %M FSADHI & A5 A REHG Al
R EG 3 R SR SRAE [l — /N 3 b, Ui W 5 I o
GRFRRIT, HIGRWER .
3.4 FsADH1 BRI HARE LT

B FsADH 1 J: K| 4 A 8 (1 76 20 i A A 454
F §95647, Ff pCAMBIA 1300-GFP.pCAMBIA 1300-
FSADH1-GFP KA I W 7> mVE S L R R B, A8
M eRERMBEUREGRILE 5, U
pCAMBIA-1300-GFP #i A& . 4fig Jii 71 mcherry-

GFP
pCAMBIA
1300-GFP

M-cherry

pCAMBIA 1300-
FsADHI1-GFP

b
§ @
. - . A
a
3)
)

72 100——NM 001288151.1 Solamm tberosum

NM 001247170.2 Solamm bvcopersicum
AEB71537.1 1 Diospvros kaki

KU170206.1 Actinidia deliciosaculti var Jinkui
67‘EXM 023030093.1 Olea europaea var. sywvestris
100 FSADHI1
MF497443.1 Tanacetum cinerarijfolim
XM 031265070.1 /pomoea triloba
e 100 KP411012.1 Catharanthus roseus
0.05

100

4 FsADH1 Rt Lnd
Fig. 4 Phylogenetic tree of FSADH1
NOS AXHHE, W E| pCAMBIA1300-FsADHI-
GFP fil&HEH K G EOIOCEEREAfR b, 5
AR CEE AL APOCES, £2M% (Merged)
R HEE DO, R FsADHI 8 (e /AR -

Bright Merged

5 FsADH1 ZE I 4HAENL
Fig.5 Subcellular localization of FSADH1 protein

3.5 FsADHI EERFRIES

i qRT-PCR, il 1% FsADHI J:HITE
Ry 25, MHEEHSRMRIL. LR R ER, 1%
RITE S HR A RIE, HApZEIRIE R G, M
RZ, WAL (B 6-A).

H Aok HA 34— B0 2 0 4 e AT AR IR e
AEFR, BURERFE (0. 0.25. 0.5+ 1. 2. 3. 5. 7
d) FERA B, JE4T RNA $2HUF [ FE 3% K cDNA,
IS Ot E R (qQRT-PCR) A HHKIE M
TERMEREKF, ERWE 6-B fin, FsADHI
FER B ZRRE S, REACF BRI A B (7] 2
FTHETIRERES, 3 RIABEE, B R4S
T 8 fi%, Bl JE &M T B
4 e

ADH | {2 S A fEAEPI I VF 2 50, FEAE I AR
Kk B A EE E AR kAR EEAEH . fEE
WEi, fHY) ADH REKPEAL, (H49ME5% 2
iant, HFRIEKFLHE LT, £ ADH M
TR, SR SRR R R A ™ 8, R B I
18155 ADH [3Ri%, ADH SHHYIE N

A 201 B 10 a
g a iy _ b
M5 3 8-

B b ® T
= ' 6
oo oo
< 1.09 &<
~ ~
4
3 e 3
El]j- E 2 1

0.0- 0-
CK025051 2 3 5 7

AL PRI A/

A-FsADHI HEWEFAET; BARIBMHA F FsADHI BEFRIEKT
AFEFR RN ZE R E P<0.05; CK-WHE.

a-tissue-specific analysis of FsADHI; b-expression level of the
FsADHI gene under low-temperature stress; Different letters indicate
significant differences (P < 0.05); CK-control.

6 FsADH1 ERMFRIL S
Fig. 6 Expression analysis of FsADHI gene

WA — B IR R,

R Tk AtADH1 A $2 it T 5
JME ., AR SRS, 6HEA: ADH FER SRk
IS MERIA AT, E4E ADH RN SRIEA
TS R . WA R B B T sl
SbADH1 SbADH1 %5 Z AR K 1) JA 3+ X # & A IS
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TR (LTRD, eI AT Re R IEHIFETRE. 1E
BRI 261, R B R A TR R L A B
ADH RIA/KFRER S .

AHIF 7T FE T L AL e ) 3Rl B, ik o
SLFE1S 2] FsADHI JEH, K22 1143 bp, 4ifilh 380
AN AR SF S5 88 R FsADH1 25 )& T MDR
BRI W A = R o, A G54 ADH &
A7, FsADHI Zwfd s MR T 5 5K %
FBHEHAIHE Y ADH1 SERAER —/ N3 b, BT
B, HLUCGRBIER . AT KB FSADHI 1E%5%
YT 2 A RIE, RIAEAMEE, &
WAk £ 8 CsADH 7EMR . 25, M 4Ih s
Fik, HENITRICSIDKADHI FERFEZE . . TE.
RELEREFHAERIE, SEAHALER .

15 FHAE 25 3k S % FsADHI 25 (A 3EAT T, H:
TRIAESH M, X 57544 ADHI 8 1 s R —
29, Bt A O R AR B AT I F] FSADHI
B E ARG M P, X 5 RS R0
LcADH28. LcADH29 5 [ 13041 i 52 1o ik 90 45
— 3, RN FsADH1 85 A 76 40 5 b R 3%
TER

IRIRMAER AN, KL FsADHI Z{LiRi%E S
Fik, RIEEIFEIL BIFHE TERES, HFHTE
ARCEES 7 Ry, HERFRIEET &S TR &l
BT IR PSRRI A T A CbADHI Rk &, HAE
24, 48h AL R ATt 3.9, 8.2 fiF. TEXTARELNH]
TS a1 SE 8GRI, MaADH 7RI 52 ke
FVCIR MG () B B v 00 A e 3aB2), [ERE
Hi, HALEZEE ) ZjADH f208 5HIGIE . T 5 LA
TR SR A AN . KHARAE ADH R 5K
BEAT 4 3 IR 20 % 5 SR A K& 4 i BoR KR
GhADHSs X} ABA. 7K. KRR 1 Ppal 2 f
Jhia R W 3E N, #8785 GhADHSs fEHKHTIRAED)
ria i nl gE R IEE EAEHP, K ZiADH FERHE N
AR I i, 7t 25k PRI e T R R A IR 1Y B8 152
TRER G, R RGRPEE R ADH R 2
TR F0, SAEM AL R 5.

KT T 455 FsADHI R, 3 B Hi4r
THEYE BT . ZERERTEEMYER. 22, 1
R RIE. X FsADHI & AT 4 e fr, 3L
SENAEIMTR ., SN R—8%. HAVEPER TR
TEARIE A R FsADHI R:R FREM A, 1EARIE
A s 3 K, FsADHI F:[N ik &5 6 R e

BT 8 1%, FW] FsADHI FE[H 32 FIMKIE A

S XIS RN JE BT IT FsADHIT JER ThBELL

Je A mnd T FE e 1A AR — 2 1 S5 A
FBFR FAVEHFARGEAZFR
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