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Cloning and functional analysis of leucoanthocyanidin reductase gene SsLAR2 from
Spatholobi Caulis
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Abstract: Objective To clone the leucoanthocyanidin reductase gene SsLAR2 from Spatholobi Caulis (dried rattan stem of Spatholobus
suberectus), and conduct bioinformatics and function verification, in order to elucidate the role of SsLAR2 gene in the biosynthesis of catechin.
Methods SsLAR2 was amplified from the cDNA of Spatholobi Caulisvia RT-PCR and conducted systematic bioinformatics analysis. The
SsLAR?2 overexpression vector was constructed and genetically transformed into Nicotiana benthamiana. The total flavonoid content, catechin
content, and the expression levels of key enzyme genes in the catechin synthesis pathway were determined in the transgenic plants. Results The
full length of SsLAR?2 gene was 1 092 bp in length, encoding 363 amino acids. The molecular weight of SSLAR?2 protein was 40 513.75, and the
isoelectric point was 5.75. The SsSLAR2 protein was a hydrophilic protein with a transmembrane region, showing high homology with LAR
proteins from various plants such as Cajanus cajan, Gastrolobium bilobum and Abrus precatorius. The promoter sequence of SsLAR2 contained
photoresponsive elements, as well as responsive elements for multiple plant hormones such as methyl jasmonate, gibberellin, and salicylic acid.
Gene functional analysis revealed that overexpression of SsLAR? significantly increased the total flavonoid and catechin contents, as well as the
expression levels of key enzyme genes in the catechin biosynthetic pathway in the transgenic plants. Conclusion Heterologous expression of
SsLAR?2 can promote catechin biosynthesis in plants. This gene provides important genetic materials and a theoretical basis for in-depth dissection
of the regulatory mechanisms underlying catechin biosynthesis and targeted molecular breeding of Spatholobi Caulis.
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X 1L Fig 1) 55 )5 S RHMEY) B AL T Spatholobus
suberectus Dunn [ FIRBEZE, NG 24Mt, 2
PO RETIR” B2 2 — o XS IR R A I I I
FRMIAZ  EAETEE IR, EARL ) SR,
X SR 2 T R TRIT HEA . I
R & AW, BERERIRSERED . bR,
CIIN:: S g e I BN = TN =R A Pt i
()3 ML R L/ NARRADE BRI 23 20t T2 3R
RPN I 1) 3 B P e s B R A&, Fer L
A E FLA (A I 55 T 8 I 45 HE R D X i ik o &
FrEY)L,

JUAR B AER ML I A& A 73 o 3 B
Bto 5% 1 BrEss: KNEM (phenylalanine) i3l
KN E LW (phenylalanine ammonia lyase,
PAL) {EFHERRNAERR (cinnamic acid), &L
FEFR 4-¥21Ll§ (cinnamicacid 4-hydroxylase, C4H)
BT K 4-F Z R (4-coumaric acid), &35 H 4-7
GRS A R (4-coumarate CoA ligase, 4CL)
A A SRS A (p-coumaroyl CoA, ¥ 51-
CoA). 5 2 prBle o100 & & M-CoA 1E7 H-Hil & A
(chalcone synthase, CHS) 1EFH T A= plohli 7 = A
B (naringenin chalcone), F£¢id 2 Bl 44
(chalcone isomerase, CHI) fEALTE BN SRS A&
WO BT A H B2 22 (naringenin), Fifi 5 28 95 5E
3-#21LEE (flavanone 3-hydroxylase, F3H) 1FH ARk,
— &L ZEW (dihydrokaempferol), #5235 75 ¥ el 3'-
1Ll (flavanone 3'-hydroxylase, F3'H) f#4LAEH
AR AWM Z (dihydroquercetin) . 28 3 FrB10-12;
AN R R BT A B b BE 4- 08 JE B
(dihydroflavonol 4-reductase, DFR) {64 i G &
CT B o AR G A8 (5 238 )5 I (leuanthocyanidin
reductase, LAR) fEH FARJLE R

LAR =AEV LA =AY E BOS 0) C BE
<z —Wl, HAlr, QAR Camellia sinensis (L.)
Kuntzel'*1, SER Malus halliana Koehnel'®), Jipff
Bk Actinidia arguta (Siebold & Zucc.) Planch. ex
Miq.U'MCL K 7% ¥ Litchi chinensis Sonn.!'815% 22 Fh i
Wb vilE T LAR FERIIFTFRE 7 AL D RERAE 7 2R
MM, MM LAR FEPR ) Dy RE v A WARE . PR
T U 3 s 6 R I R AT T AN [F] B B S 2 A
LA TR A BB, 28980 3 4 LAR JEH, Hd
SSLAR2 £ I jif 245 F AR AL 25 h I8 R 1.
T PARIT SsLAR2 TEXS IR ) LA & A A G

(RIThRe, AHFTTEET CARAS XS I e A 2 20 1 4
KHSR A RIEAE, BRIl 1AM SsLAR2, FExt
HAT TAYME B St e sese, DA
HAELF R G B RER,  Jre I i () b e e
R Koy T B S E KA .

1 MRS

1.1 7%

XM R 25 OM AR TV 2 A Y I
(22°5125"N, 108°21'58"E) Mk, 2 FaZiH
T el 4% T 22 A 9 00 5 58 R AE T S, suberectus
Dunn T8 25 . RAXG IR (IS, 2090 ZUH R
JERAFET =80 CUKAH, LARIZIUE RNA.

1.2 {8

Nano Drop one {X#% (ZE[E Thermo Fisher 2
F]); A48141 R 94 (3£ [E Eppendorf A H]);
ZF-5 B A8 0 %4t (32 1H Thermo Fisher 22 7] )
PowerPac™# FH H1 k1% (3£ [E Bio-Rad A ] ); 440~
485 nm WEOLVIRRAL (L TAHRAF);
Acquity®UPLC I-Class 8 = 2000 AH i 4 (35 E
Waters A 7]); QTRAP®6500 %I = 5 PUML AT i i 1%
(Z[E AB SCIEX A#]); Thermo Sorvall ST16R %!
0L (3£ Thermo Fisher A% ); Varioskan LUX
Z Dae LA B AR 1 (3E1E Thermo Fisher A #]);
Quant Studio3 % ¥ & PCR 1% (3Z[H Thermo Fisher
AT FESEIER (EE PALL AR,

1.3

RNA Ui & (525 RC411, [ R i
MBI R ARAFD; RiExAHE (75
SR511, bV AMBHEARARD; HEbE
A& (B Ce01, I me miv MRS AL VIR I 0y
HMRAFD; & PCR KX & (&5
027E2232EA, ™ [ st i MERE A IR HE R AT IR 2
"]); DNA RIEWGAFI& (555 DC301-01, R
SOEMER IR A IR A ED: GV3101 RAFHE
BEZZs (B85 AC1003M, gAY R AR 2
Ay YSRGS (B85 MOL18A, ZRMIAF R4
MIEZRHEARARD; JLaER (585 SC8160, FifE
rE=98%, JLIFERERHARAFD.

2 7k
2.1 54t

FIFHAELZE M3 Chttps:/primer3.ut.ee) Primer 3.0
Wt oI, SIME RS A TAY TR (R
B AR~ m34E, sl sI Wk 1.
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x1 SIHFFIREMR
Table 1 Primers used in this study and their purposes
EIK/ BRI SIS (52-3) Mg
SsLAR2-F ATGACGGTGTCGGCTGCCATTCCT B e
SsLAR2-R GCCCATAGCTGTTATTGGCACTG
SsLAR2-F' aagagacaggatccgaattc ATGACGGTGTCGGCTGCCAT AR
SsLAR2-R’ acctecgaccggtgeactagtGCCCATAGCTGTTATTGGCAC
358-F GACGCACAATCCCACTATCC PR 2 E
Y-SsLAR2-R TCTCCTTCAGAAACTCCTCCGTCAG
O-SsLAR2-F ACTCTACCTTCTTGCTCCTCAG KI5
O-SsLAR2-R CATCACTTGTTCGCCTCCTAC
NbPAL-F GACCTAATGGTGAGACCCTGAA
NbPAL-R AGAAAAGAGCGCGAGAATGTT
NbC4H-F CACTGGAAGAAACCCGAAGA
NbC4H-R CAACGCCAAACGGAAGATAT
NbACL-F ACTGGCGACATTGGGTTCA
NbACL-R ACTTCTCCGGCTTGCTCATC
NbCHS-F CTAGTGGAGTGGACATGCCC
NbCHS-R CCTTAGCCAGTCGGAGAACA
NbCHI-F CTGTCTTCTCTCGCCGCTAAATG
NbCHI-R GCCACCTTCTCTGAGTATTGCTTAC
NbF3H-F GCCAGACAAACCAGAAGGATG
NbF3H-R TCAGGCTGTGGACACTTTGG
NbDFR-F ATGTGGCAAAGATGGTCCG
NbDFR-R AAGGGAAGCAACTGTTTCTGTC
NbLAR-F GGAGAAAAGGAAAGTGAGAAGGTTG
NBLAR-R AGAGGAGGAGGAAGTTGAGAAGG
NbEF1a-F AGAGGCCCTCAGACAAAC WS
NbEFIo-R TAGGTCCAAAGGTCACAA

NG TR AL
Lowercase letters indicate flanking recombination sequences.

2.2 2 RNA #ZHUK ¢cDNA &%

f8FH RNA $2 B0 S8 B0 Mg 2 RNA, F
F 1% R B &L F ik WL %% RNA (157 & , 87 H Nano
Drop one HEfME 73 Y6 IEFE TR RNA RIS K4l
FE , B I 5 S i A 60K RNA [ 5%, & cDNA,
R TF-20 CUKFEEH .
2.3 SsLAR2 HFAE

i RT-PCR HiARTCEXS ML E SsLAR2 HE[F 4
o fil I RIRF L 51 (3R 1), PR3 cDNA
ARG AT I . SR RN 2 X Phanta Max
Master Mix (Dye Plus) 25 pL, SsLAR2-F 1.5 uL,
SsLAR2-R 1.5 uL, ¢cDNA2 uL, #h7¢ ddH,0 % 50 pL
AR BNFERF: 95 CHIARME 3 min; 35 MEH
(95 C. 155, 55 C. 15s, 72 C. 1.5min); #
J& 72 CAZEM Smin. RISERSE, f8H DNA #

A ER PCR P HIT) B BIUSC o 4 (IS ™41 55X
TA/Blunt-Zero Cloning Mix #FHARSITiER:, HEHK
W RIF# DHSa . @it PCR %7€ BH M 7%
G, KREAREEATAY TR (R BROEARA
F AT . FHH DNAMAN 84 Less 51, 3k
HUERIR) SsLAR2 ZER P41
2.4 SsLAR2 EFEMERFES

i1} DNAMAN #f%f SsLAR2 R A H#EAT 51
M. FIA Expasy # 4 Chttp://www.expasy.org/
resources/compute pi-mw) 73T SSLAR2 £ [ [P 2E A
FEAL P )5 . £ NCBI Conserved Domain Search
( https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.c
gi) SERURSFSE I TN . FFH MEGA 11.0 #F
BEAT RGN 2, S HCR A B R LR VE
(maximum likelihood, ML), bootstrap &t it 5%:,
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CBORCE Y 1000, FE RGERBEAINE K i Ah &
NCBI J#%| ID NAKE Cajanus cajan (L.) Millsp.
( XP020233704.1 )« #H ¥ Abrus precatorius L.
(XP027361820.1) . #3E . Gastrolobium bilobum
R.Br. (XP061339266.1) &4t Arachis duranensis
Krapov. & W. C. Greg. (XP052118230.1). ¥ kiR
Lotus corniculatus L. (ABC71324.1). JoIEAE Saraca
asoca (Roxb.) W. J. de Wilde (XBR96858.1). K&
Glycine max (L.) Merr. (NP001352050.1). &S
Cicer arietinum L. ( XP004496202.1 ). 3 & &
Onobrychis viciifolia Scop. (AEE98379.1) RRHFEA
Alnus glutinosa Medik. (XP062159208.1). #EFEH 14
Medicago truncatula Gaertn. (XP003591830.1). 755
Vigna angularis (Willd.) Ohwi & H.Ohashi
(KAG2401844.1). K2 Manihot esculenta Crantz
( XP021633997.1 ) « # ¥§ Morella rubra Lour.
( AIX02997.1 ) « Bl A ¥ ¥ Pistacia vera L.
( XP031266518.1 ) « ML 1 Humulus lupulus L.
( XP062111204.1 ) « B Bk Ricinus communis L.
( XP002524404.2 ) « & Ziziphus jujuba Mill.
(XP048319249.1). %1t Spatholobus suberectus
Dunn (TKY69407.1) FI S BLHEH Y Neltuma alba
(Griseb.) C. E. Hughes & G.
( XP028776364.1 ) . i@ if SOPMA ( http:/npsa-
pbil.ibcp.fr/cgibin/npsa_ automat.pl?page=npsa_
sopma.html) T B UM & B i i — &5k . FIH
Protenix Server ( https://protenix-server.com/model/
prediction/add) 47 8 I R =M 0 . SR H
NetPhos3.1 Chttp://www. cbs.dtu.dk/services/ NetPhos/)
SKI SSLAR2 5 H HIBERR A AL 1o MAE L Rk 3 A
Y P 5 R HREL SsLAR2 R iz 2 000 bp X IHAE
NIE BT A, A A PlantCARE 1E 45 W ufi
( http://bioinformatics.psb.ugent.be/webtools/plantcare/
html/) 734t )5 3 X3 eb B A ot
2.5 SsSLAR2 i3 FRikH AHE

FEEL “2.3”7 TFRAFHIBHIE R BORL, DLz BURL
RESGHAT I, I RS R MR “2.37
Ti. # PCR VIR, 3R A5 B A B AR RIS
SSLAR2. 151 FH B il 14 P U Eco RI A1 Spe I % 4
pC131-YFP HHAT XTI, S ARBEI =4t s,
SR J5 18 ] ClonExpress 11 One Step Cloning Kit X7
& F SSLAR2 938 P MDD B A = Pt AT B2,
K EA WAL RIS S A, 34T R D

P. Lewis

PCR %€ J5 il T .
2.6 KRITEEENL

NI T P R B A A T AR i R 2
HU 1 uL BRI 50 uL RAFH# Agrobacterium
tumefaciens GV3101 B2, BIRIES], UK
K 10 min, WEGEE 5 min, 37 ‘C/KIA 5 min,
VKK 5 min. AN 500 uL A& HiA E ) LB Wik
BhFRAE, 28 CHRGEEFE 2h HHATEIAE IR, B 100
ul EVR A1 AT T8 50 mg/L F4E T LB [ {41
Wb, 28 CEIEREFE 72 ho PREUARETE RN T 540
AR LB MiAR TRk, 28 CHRG IR T Ja4:
27 BERFERUARKEE

K BER U B B3 R A B A R EE,
AELEEEA 20 mg/L BIE R 1/2 MS £5775 L
R, Mg REYIME Y. id PCR (B LE 1D
5 126 PEMEARLPR (TOD . FEFHMEREME K K ER R R E 72
ara, BARBIRERMHETENEESR. WGk T1 AR
Fhria, 4 E 20 mg/L W RN 1/2 MS £ 953
fifiife, PRI PCR #fE BHPERE IR . IS R AT 1)
FHMERER RS R B P A, Rl AE K2 8 J )
SEFE RN AE RS (WT) A B B RE AR 25 5B R i
MFER 3 MEFEE, ARG T-80 TR
17, AT RIS )RR S ENE MR ZE R
3T
2.8 RENS/LEZMNE
2.8.1 EEFEINE R RS BT, A
Jaid 40 B, kA A TR,
TE2 DhREMFLAR B AR _E3dEAT S B A 21,
282 JLEFRBIME i e RORAE o Rk
= PURAT R 3% (UPLC-QQQ-MS/MS) Xif J L4 & it
AT IMER,

1) BER S TR ) % - HERRFREN 0.02 g #F5h,
FH 1.5 mL 70%ZEE4E 50 ‘CHEEL 2 h, 12 000 r/min
Fi N RO 10 mine WH) EIEWRL IMANSEHEEZ 1.5
mL, 0. HIERGET 0.22 pm S ER .

(2) XFHR SRR % s FREC) LA 2R S, e
RV R AR EE N 1.0 mg/mL I8 AT

(3) Bkt FEHGHCRA Acquity®UPLC I-Class
RYGHATH . 1% Acquity UPLC BEH Cis £
TBHE A 98 0.1% FERIEEAIK, IRANAH B N5 0.1%
HIRIN O FER 40 °C, HEFERDN 1LOuL, ARl
4 0.6 mL/min. BHEEBEAEFUIT: 0~1.0min, 95%
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A; 1.0~3.5min, 95%~70%A; 3.5~5.5min, 70%~
40% A . K QTRAP®6500 % 4ift % & J o i il
(MRMD 0 N T M2 B Al (ESL, fES+)
QQQ-MSMS . FefEisERE v B Ve FHi %
JE£ 4500V, FASAANEA, A 206.8kPa, S5k
IREE 550 Co FESHmIRE TR ERALE (m/z)
N 288.9/202.9, XfEHE (DP) 80 V, filfiiftE
(CE) A-27V, Ziffs HAL (CXP) H-10V.

(4) FrfErZRI2aH]: BRI LA ZN IR AT,
0 B A AR E A B IR A 1. 54 104 504 100~ 500
1000 15000 ng/mL FI%F & SIATR, 43 Bl DA
RS O, JREREANAASR (V) 2ilbrik
TR, 33 L abntEti g (Y=556 X+5 410,
r=1.000 0D, WRIEFFEMBTHE) LR RTERE.
2.9 RT-qPCR ##f

)R 8 P v o T A ) B U AR R
SSLAR2 e HERIH PR RNA, FHR AW kK
F B H 55N cDNA. LLiZ cDNA AR, F
Fi qPCR SYBR Green TR, 1% 20 L M1k i
1T RT-qPCR #aill, Fir 5149075 W3 1. UL NbEFIa
TERNSEY), B 228 kit WT R L A
K KAHEL T SsLAR2. NbPAL. NbC4H. Nb4CL .,
NbCHS. NbCHI. NbF3H. NbDFR. NbLAR #: A 1)
FHXT IR &
2.10 SZitoth

¥ F Microsoft Excel 2019 #4735 2 /E K,
BE 4 Bk SPSS 19.0 #t v B 207 22 0
(Oneway ANOVA), 757 i I #1T Tukey Z H Lk
8, EREEFEKTAN P<0.05 i P<0.01.
3 RS540
3.1 SsLAR2 EE=EFFT D4

£ PCR ¥ SEANEE L pk AT W52, SRS (0 2k
R B A H BSE R N (B D RIEIUS
BTN, 45 25 DNAMAN %4 text s, A
5B BRI gL 75— X SsLAR2 AT
e KE N 1092 bp, RIGHEILT N ATG, 41k
FHT N TAG. EREES N A (28.57%,
312). T (27.20%, 297). G (23.90%, 261) Al C
(20.33%, 222).
3.2 SsLAR2 EREMR

SSLAR2 (KA 363 NEIERR (aa), XS
THEA 40513.75, FFH AN 5.75. KH ProtScale
I3 HT SSLAR2 HISE/KMERIB KM, HESPEISEHIK

M 1

1500 bp—
1 000 bp—

M-Marker; 1-H fI3EK 2671
M-Marker; 1-target gene band.
1 SsLAR2 ZF I &= TR AE HE LA R ik
Fig. 1 Agarose gel electrophoresis of amplified products of
SsLAR?2 gene

£ (GRAVY) A-0.183 ([ 2-A), M2
KR A . F TMpred $CPFTRINZ S (A (155 X
W, RINZEIEBAFEERX S (B 2-B). BT
VIR E N 13, KL BN 35, FHIN
NRILIIGGTGFMGQFITKASLAF. % SignalP 5.0
BTz B A R S S RE, Frdmis i A RS S K
MR R 0.213%, RI\HAEE S, HEWIL IES
WA (B 2-C). H NetPhos3.1 Fiilll T SSLAR2
BRI A i, RINAEEREH 18 ML IRk
FRAGAL A, 21 DR ERRBEIR AL RO 11 RS2 RR
R AL S (B 2-D).
3.3 Tl SsLAR2 ER I ZRF= K5

Xl SOPMA F1 Phyre2 435 %f SSLAR2 & H
(1) 2% 5 K R = R 5 R AT T o - S 45 4 Tl
iR EIR (B 3-A), EEH LSt A FE O
43.53%, 158 1~ aa), H N o € (5 42.42%,
154 4> aa) AUEMEE (5 14.05%, 51 /> aa).
SsLAR2 25 H [ = 250 FZ TN 4 i L o 15
FEFIGEAR B AL R (- 3-B), 5 &5 T 43 #r
#ﬁo
34 SsLAR2 ZEHMIRZAE S

HXS I SSLAR2 4wt = LR 7 41 7E NCBI
s FE34T BLAST Xt g, & IERR 51 FR
PERIL 50%(1) 20 MFH LAR 25 A ZER 7 51
ITRNDHT, RIMHEGRAT (CeLAR £
B (ApLAR 2R MEFET (GDLAR F:RD 1%
R ER A FEREER S (>75%). M2 T, 58
BRI (ZILAR F:RD . KERBHE MR (ReLAR %
KD AR BREH M1 (HILAR # R 2R P01 9
O IR 1 R VR R R (<70%) (B 4), i#H—&
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734 B /bp
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1.2
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400 5 i JEE PN 4
Ry — b 22N
Y s
AR 1.0 Bifi
. N |
60 70 0
0 50 100 150 200 250 300 350
A=

A-BERYEIHT; B-BERREEMIRTTN; C-5 5 ARTI;  D-BERR A AL sl T30 o

A-hydrophobicity analysis; B-transmembrane structural domain prediction; C-signal peptide prediction; D-phosphorylation site prediction.

&2

SSLAR2 ERGEHW DR

Fig. 2 Structural analysis of SSLAR2 protein

50 100 150 200 250

el ﬂ
fﬂ il J\J \jﬂw”‘\/\,ﬁ\fﬂ\/ Up\gh\ﬁf\f'\»

HHHHH
eeeee

RV

50 100 150 200 250

300 350

& 3 SsLAR2 EE K4 (A) F=REH B) 7N

Fig.3 Prediction of secondary

Wi ML M RGREN, SRRV, WSk

SSLAR2 5 &K% (CeLAR 3R KRR [E—32,
BT (ApLAR R, BFEE (GLAR B

BKRR (LeLAR 2R £ R G0 B M Ak TR0 173
% (E5), XKW T SSLAR2 Six s f 2 [T

3.5 SsLAR2 EEBEFHIFSIS
7L T A PlantCARE X} SsLAR2 bt

bp AT P HHEAT T IR E R otE . 45500
N, AT AU EZ L e (CAAT-box Fl
TATA-box), EELE 10 NMEMN TG (GT1-motify

MRE. GA-motif. Box4 il ATC-motif). IH4F,

B 7 NS TEE BRSSPI A E R o, WnsRHTR
fi (methyl jasmonate, MeJA ) Wi N 7644 (TGACG-motif
1 CGTCA-motif). 778 % (gibberellic acid, GA) M
RigeftE (P-box) LLAIK#EE (salicylicacid, SA) M
Mool (TCA-element). BtAk, BTN EHEY) 4K K

(A) and tertiary structures (B) of SSLAR2 protein

5#d i o (ARE) 28 (8 6).
55 3.6 SSLAR2 AT )LEEZARBINEERRR

B AT (AT-rich element. circadian 1 O2-site) 5

T B IIE SsLAR2 % )L BT
WEER, AFFAET pCl31-SsLAR2 i FKIEHK

A, JRE R SRR E AR RIE . 4 PCR
g, IR 5 RRMERIERIMR R, ol

2 000

paSa)

SsLAR2

OE4. OES8. OE9. OEll 1 OE14 (| 7-A). RT-
qPCR 45 R iR, XLk R SsLAR2 (MR IE &=
3R WT ) 15.27~690.61 £ (& 7-B), M ik
IFIARE M 3 MER (OES. OE9 1 OE14) i
TR 8000 . %L, SSLAR2 i ik I A 5] s 5k
R PR B B R AR L (B 7-C). AR, Rk
R b 35 i v e SR DR R AR P R B AN LR R
MEgE. 5 WT Mk, IR EKR OES. OE9 Fl
OE14 HH R I & =0 g m T 213.62%-

167.79%F1 115.78% (& 7-D), JLAS R & &5 HIR
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