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W OE: SRR EMTEREY, TRV . UM S AT BE G IRAE . 1R G L S 2 —
JEWE G B ( sucrose synthase, SUS ) —E 2R ZH A RN EBRMR AL, ETHZHTFIEL, AMRFHL
Y5 B2 T BOW EAT SUS KPR Z S L 51 A7 %5, JFRIHIZEOE it PCR (qPCR ) X H A b 3 kB HEA T 4047 -
SEREN . EMEE SIS 8 N HA ORF JFFIY PoSUS JE R F M 51, HgwiE AR &4 111~310 MEER, 7T
1ok 12.81~35.43 kDa, HIHIRAEHL T 5.83~9.18, RAH LRI BT R, 8 4~ PoSUS HE K G 172 7T 432 3 AN WE KR,
AP BT G5 3 A B A B H B 2 o W 200 497 T3 (8 7 K 24U PoSUS & 8 (i AE ki . SEPR SRab i s i e 1
PoSUSL 1 PoSUSE & R 75 Z iR R UMM A Al b ik s ey, R 2 AT HNT b PoSUSL il PoSUS2 R ik i I 3
FARZHEF R AH2. B4, ABFFEE R HN1 F AH2 FEFE75 3] PoSUSL 2E[H CDS ¥4, HZi% & (78 2 4y F ki fa)
TEPE 3 b M 22 R, HiXU22 50T PoSUSL FEME G AR ES f bl . AFFFRLE R ARABIR £ AT SUS FE[H Ty fig 24 ¢ 5
filt, ARy FAT 2 BOR LA T AL o S A e AR 4l
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| dentification and Expression Profiling of the Sucrosesynthase (SUS)
Gene Family and Cloning of POSUSL1 in Polygonatum odoratum
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Abstract: Polysaccharide is a quality marker of Polygonatum odoratum, which has significant pharmacological effects
in immune regulation and anti-tumor. As one of the key enzymes in polysaccharide synthesis, sucrosesynthase (SUS)
has always been an important research field to reveal the synthesis of plant polysaccharides. Based on transcriptom data
of Polygonatum odoratum, the SUS gene family members were identified by bioinformatics, and their expression pro-
filing were analyzed using qPCR. The results showed that eight POSUS gene were identified, their protein ranged from
111 to 310 amino acid residues (aa) in length, and relative molecular weight varied from 12.81 kDa to 35.43 kDa,
isoelectric point (pl) in the range of 5.83 to 9.18; phylogenetic analysis indicated that eight POSUS genes were divided
into 3 subfamily, and the subfamily III included the largest PoSUS genes family member; subcellural localization
analysis showed that most of PoSUS proteins were located in chloroplast. Additionally, expression patterns analysis
revealed that POSUSL and PoSUSG genes were preferably expressed in rhizome, and the transcript levels of POSUS1 and
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PoSUS2 were higher in high-polysaccharide cultivar HN1 than those in a low-polysaccharide cultivar AH2. In addition,
the CDS of PoOSUSL gene were cloned from HN1 and AH2, there are three amino acid difference between HN1 and AH2,
which located in sucrose synthase domain. Our findings can laid a basis for the further study of functional analysis of
SUS genes, and provided a theoretical basis for analyzing molecular mechanism of the formation mechanism of me-

dicinal quality of Polygonatum odoratum.
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EA[Polygonatum odoratum (Mill.) Druce]}y
HA&#F (Liliaceae ) #A5/E ( Polygonatum) 47,
R EE WAz —, Tz A R E R CHON
TR, B, R WAL, WIE . AR, 1B
R 2R, EATHAREIMNE | SR | BT |
Pria Al . Pomo7 . FELE R ks A2 IR I,
B ZWEGON R BT EZE MY, SRR
WA R E A RO 22—, Rl 2
Wi EAT AR EEARED Y KT EAT SR R
P, GOk S 2T A 1Y) R .

ZWETEM RN E Y & AR F2AHE 3
IR 1B ARG — R R T
27 %5 8% (uridine diphosphate glucose, UDP-Glc ),
5 Wi H 28 b% ( guanosine diphosphate man-
nose, GDP-Man ) 1 5 +F — B R A 54 ( guanosine
diphosphate fucose, GDP-Fuc ); %5 2 & UDP-#j
FHE AL R oA NDP b 5 i J5 — A3 1 A [A] Y
BEILEE LT ( glycosyl transferases, GTs ) ¥ NDP Hi
BEMBERZ T IR ILAZS & 2 A K T 2R AT,
W5 Z R AU R A, TR DT
UDP-Glc J& ZM& s e b 2 ik o, 1e%
AN e A ol 2 2 e B AR I

HERES R ( sucrose synthase, SUS ) &4 %)
ZHEE T O R Z — , TS RS S
) 3ol FUME FE RS B2 A 38, B R R AT RE 2 AEAL
TERHE SR N SR UDP-Gle MR —WEfR 7 4
WP BRTEH R Bk A, TA . MRS 8
i 245 AR ) v A T W S o e R R 1 A DG A 5 4
ST R S )5 B rS Ee N T N SO X ey
EH 4 DeSuSy Fe K 5 R 51, [R] B X6 i 28 J
REAS [R) 41 280 Je v 38 B i R AT T 59
Fri'®; GuSUSL il GuSUS2 S A H B sa iy 2
A TEREA CGSE R, e H RN A F B R 3R
INEAAEZES, [FIRUESE 2 A5 B G bt i) i X6 7
R AN BAT S AT
HHVERIM EBN 2 —, HA R s i
FEH PoSUS if oK WLAHCAF 9T 8 o BT F AT A

I AR SERL, AR IET BT R FIMER,
A W1 B 2R X PoSUS LK 580 1 B3 4 T
Yoo, R X L2 2 3 SR AR S S AN (] 22 M o o ]
TR AT, 2k PoSUSL [ CDS
FEB, FFar 0T T I3 R AR AN [R) Ff 5 [R] 2 SE 1R 7 1)
Z 5 W EE RN PoSUS Z% KL K Ay £ 124 T RE
W FT B R SEa, RIS R A7 24 FH B AL
AT £ AR AR B -

1 MR57E=%
1.1 Rt
BER Ry BT TR PR B . HNT, AH2,
FofoAE T o ROl B 25 e SRR 2R AUF 5 BT B ik 552 56 Ak
Mo T TR R 430 R BRI e AT AR 2R
ZE | M4 HN1, AH2 ETE9MRZE, LRI
WA, T RNA 21
1.2 A&
1.2.1 PoSUSAR Rk % Hetdlfdik T
NCBI ( https://www.ncbi.nlm.nih.gov/sra/?term=
SRP187533 ), HEL A Btk A MRS |
F R ZE AT FI KA1 “sucrose synthase” %
S BE E ) unigene HEITIE AR, XATA
Xy y i 47 B ¥ A 5 Bk, Al Pfam
( http://pfam.xfam.org/ ) TE L& 3K 14X Fl 4% )7 51 (1)
RSFEEM AT S8, BBRAS & RERES UG AU
SR RAS R P S . i —20 R ] BioXM 2.7
AT A7 54T ORF Tl
1.2.2 PoSUS & A RKEAK TS  FIH
ExPasy TEZE M ( https://web.expasy.org/protpa-
ram/ ) X} PoSUS H FFHIM 40 i . S5 HL T S5
A AL M BT #E AT B ; 32 B Plant-mPLoc
( http://www.csbio.sjtu.edu.cn/bioinf/plant-multi/ )
TEL AT PoSUS 5 17 IV 41 i 2 13
1.2.3  PoSUS &%t it 541 435I\ NCBI H1
TP I HIKAE SUS FEFEE AP, it
MEGA 7.0 # " MUSCLE & ¥4 & EAF . 7k
i M AU R It SUS HE P BRI T 2 F P81 L Xt
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X F Neighbor-Joining 72 ¥4 # L B, & &
Bootstrap {4 1000 (X #EE

1.2.4  PoSUS & [ 28 £ 4 51 H Kk o A7 B R A A%
R#EB L% 5% PoSUSH: 4 P 5IME B, FIH
Primer 5 BAFRITZNE =S (£ 1), 5197
N ZHE ) SR YR A BR A RS . RNA 2
2 B8 EASYspinPlus 24 £l 2 BUA ) & (b
TSR AR A A Do T 1.0%305 b5k
JizZ B 3K FiT NanoDrop 2000 #8 i & 43 Y66 B Tk T
RNA Jiig FIy B . FIH] Evo M-MLV RT

Premix for qPCR Kit i & (#im LR a4 T
BABRAAE]), ¥ ETBREREMIRZE . X 0t
S5 HNT, AH2 HRZE1) RNA JU#% 5%l cDNA
% H SYBR® Green Premix Pro Taq HS qPCR i 7]
& G SR Y TRARAF) #7500
i PCR, W FEFH:95 C 305,95 °C 55,60 C
30 s, 40 DMEH ., FEFEXSRIBEITE IR
27 FIHIM B A B BT . MR ZEFIZE R R
FABARET, ] TBtools 44 PoSUSL~
PoSUSB K& PH R IR A

®1 AHARATRALEE PCR MEETENSIM

Tab. 1 Primers for quantitative real-time PCR and gene cloning used in this study

LK &k Gene name 5|9 % FX Primer name 519751 (5'-3") Primer sequence (5'-3") JH# Apllication

PoSUSL PoSUSI-F CAAGGAGGAACTTGCAGACG P A
PoSUSI-R CAGTGGCCACATGCTTTCTT

PoSUS2 PoSUS2-F GCGGTCAGCTAAGGGAATTG o
PoSUS2-R GAGCAGAAACCCAGCGAAAT

PoSUS3 PoSUS3-F TTCCTTAACCGGCACCTCTC PR M
PoSUS3-R GCGCTCAGGCTTTGTATTCT

PoSUSA PoSUS4-F TGGAGTGGTACGGGAAGAAC P R
PoSUS4-R GCAGCTATCCATCGCATCTG

POSUSS PoSUS5-F GTTGCTACCTGATGCTGTGG P A
PoSUSS5-R TGCAACTCGCTGGCTAATTC

PoSUSB PoSUS6-F TTTGTTCAGCCTGCCCTCTA s v
PoSUS6-R AAATCCGCAATCAGGTCTGC

PoSUS? PoSUS7-F GGGTTGGTTGAGTTGTACGG P R
PoSUS7-R TCTTCAACTCGGCCTGTTCT

PoSUS8 PoSUSS-F GTTGCTACCTGATGCTGTGG P A
PoSUSS8-R CTCGGTTCCAAGGACCTTCT

Actin actin-F AAGTTGCTGGAATCCACGAG BN AT
actin-R CTCATACGATCAGCAATACC

PoSUS1 PoSUSI1-F ATGGGAAGGACACCCTGCTGCAAC HH Tk
PoSUSI-R TTACTCAAGAGTTGCAGCATCAAAG

1.2.5 PoSUSL AWyl 5% BT R4 5
1 PoSUSL #1755 S, A Primer 5.0 #{4ik
TSR it (32 1), LAEATFPET HNL A1
AH2 MIHZE cDNA M#iti, H Apex HFHSDNA
Polymerase FS Master Mix ( dyeplus ) i3] & (#1rg
TR A TRARR A A ) ST ek, P gt
J#H: 94 °C 30s, 94°C 15s, 55°C 5s, 72°C 15
s, 30 MMEFF, 72 °C 2 min, PCR J“¥Jifi4T 1.0%3
RebHEER HK , {di ] Fast Pure Gel DNA Extraction
Mini Kit i &#E T H #5547 i (B atiaMEReA:
PIRH A A RRA T )oK B H 9 S5 i 425

pEASY-Blunt # /& (Jb XX & AEYHE ARG
Al ), ¥EALE Transl-T1 BZSUNME, WA T& KK
PiAERN LB JEFRst Db 7 PHIE BBV e, $RE
Jok % 25 R SR AR A BRAA R T o

12,6 EAZmAsEmE RARH-HERE (P
e \RAEFNEZG ), 2020 B ) XA AT EATH
SR A I TR . B S A AR A TR R
THE, TR T LR 45 U S AT R IR
17 BT A URE R 1 g 55 100 mL ZE18 /K E
FHRA, EAENR 1 h, JEFABIEMEE, EE#R
B2 WK, BT, Indakan, B E 100 mL 4
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IR ZEZIE, K& 2 mL, MIA 10 mL
(1) 95% ., kB OARIRTINE, K TTEPmKE
fift, BT S0mL FEMTIMBEEZE, K% E
2mL A 1 mL 4%KFHRA4], HEinA 7 mL
W, $825), A 40 CAKBHHHEIE 30 min, B
JETAVKK 5 min B . FH AN 6O
( JASCO company, Japan ) 7£ 490 nm Ab il & £
W, R RS 3 W, BOFSIHEE b i
wak

2 HRE5GW
21 Ef7 PoSUS EE KK K LEE
B SR OCHE “sucrose synthase” Xf EAT

S SRAUBRIFE AT, SR)5 181t NCBI CDD %
P PEXT RSP S5 R AT 00, e ik it 8 4%
PoSUS & F1F41, H:H 4 PoSUSI~PoSUS8,
XEEELP CDS P4l 4K K/MEFR 336~933 bp,
T 4 5 B B LR B T 111~310 aa 2ZJ6); T AY
PG R/NEHIFE 12.81~35.43 kDa 22 i) , 45
HL 5 R /NE B 7E 5.83~9.18 2 [A), Hirf K& %L
PoSUS EHMEHS/NTF 7, BERM. WA
ALK B, PoSUST & A 7EAMIA% H, PoSUS2.,
PoSUS4. PoSUS6 Fll PoSUS7 & 75 M-k,
PoSUS3 7£ 4il fif 4% 1 i iz vh 35 i {5 5
PoSUS8 TEMt&rfA | Jf T . Lekifh | 4% M %
etk EfifE S (£ 2),

R2 EMPoSUSEABEHMEREER

Tab. 2 Physicochemical properties of PoSUS proteins from Polygonatum odoratum

FE A ity X RN AIEMRKE SR R I ah= DA
Gene CDS size/bp  Amino acid length/aa MW/kDa pl Subcellular localization
PoSUSL 684 227 25.92 5.99  Nucleus
PoSUS2 603 200 22.94 5.98  Chloroplast
PoSUS3 336 111 12.81 6.02 Cytoplasm, Nucleus
PoSUA 426 141 15.98 9.18  Chloroplast
PoSUS5 921 306 34.85 5.83 Chloroplast, Cytoplasm, Nucleus, Peroxisome
PoSUS6 534 177 20.49 9.03 Chloroplast
PosSUS7 483 160 18.06 5.95  Chloroplast
PoSUS8 933 310 35.43 6.01 Chloroplast, Cytoplasm, Mitochondrion, Nucleus, Peroxisome

2.2 PoSUS EH# LS4

J T i PoSUS SRR A b L R, A
WFFE AL T A0 B BT B W KA 7 4> SUS &K
T % RN X R A A O 6 AR TE
W RGN . G55 R, £4T 8 4> PoSUS 43
3 AWK, Hpg T AT WEREESEE 14
W, B INE R G 6 4> PoSUS kA b1 . [
B & B, 5 TSI 7 A 03 22 30 B S 1) B I A
Y1 OKRERMEAT) FOSFrHHEY (BIRIT ) B3R
M4, 6 4> EAT PoSUS & H 5/KFE OsSUS H H %
GORRRGT, NFE—WHE, MR ITH AtSUSI
5 AtSUS4 h— W iF (& 1),
2.3 PoSUS HLAHFHRMERIEST

h T #FSE PoSUS 2 R A 4l 4L ik i, ASTF
FEHT T POSUSHE N7 AT RIMRZE . 25 )
G HAFRBAE, WK 2 Fix, PoSUS JH
KGN G AE AN R 42 h Rk U [A], PoSUSL
Hl PoSUSG FEMZE 1 4R Rk B, PoSUSA FlI

I AtSUS2
[ AtSUS3

i: PoSUS2
0sSUS4
AtSUSS

R E—
AtSUS6
0OsSUS6
e
OsSUS7

— AtSUS4

AsSUSI
1 [ PoSUS3

PoSUS7
PoSUS5
T PoSUS6
T 0sSUS2

PoSUS1
\—‘—:OSSUS:i

OsSUS1
B1 Eff. ABMUEF SUSERRKREZL TR

Fig. 1 Phylogenetic tree of SUS gene family in Polygo-
natum odoratum, Oryza sativa and Arabidopsis thaliana

Il

PoSUSE 7EM i 3Rik i i, PoSUST fE £ 3Rk
H ., PoSUS2, PoSUS3, PoSUSS 7EAR 25 2L
R REE & T, FIHE A ETA R4
(HRZE MR 5 st R (s B, 2] PoSUSL~
PoSUSB A ik, &l 3 fizr, PoSUSL
Hl PoSUSG FEMRZE 4 Rk ey, PoSUS2,
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Fig. 2 Tissue-special expression analysis of POSUS gene
family in Polygonatum odoratum
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Fig. 3 Heatmap of tissue-special expression of POSUS
genes in Polygonatum odoratum

PoSUSA I PoSUST 7E2:H kil s e, PoSUSH
FENF Rk R i
2.4 AEFRE PoSUS RixER 494

T WF5E POSUSIE R 7E EAT M il 1 4R
BN F 20 S A BT T PoSUS & [H 31k
AT, AR HN1L 2SR R 7.8%,
Fr TR AH2 ([ 4A ), EAT 8 4 PoSUS A
16 2 iy Fh ) Rk e 22 5, Hirp PoSUSL #il
PoSUS2 7EFI T HN1 "3k & W 2 & A
AH2, 1 PoSUSA. PoSUSS. PoSUS6. PoSUSS
AR HNT P RE KTl AH2, PoSUS3
Al PoSUST LR FRIRETE 2 M ih 2R AR E
(K 4B ),
25 PoSUSLEEM=EERIEERF IS

WA BTSN E TR HN1 FI AH2
Hols PoSUSL AL 1 >k . PoSUSL 7E 2 17 it it
H CDS 2K ¥k 684 bp, HFFIK J¥ 5% 5401
J¥ Ir3RAS PoSUST FAIKE —3 (& 5A ). W7
SYMT R I, PoSUST & IEMR T HITE 2 1 F o v A7 4
3MbESERESR, AR 21 A0, 55185 i, A
199 i o FE5 21 &R, Fhlt HN1 M AR,
AH2 MRS EIR; 7E55 185 &R HEMR, HN1 N
MR, AH2 Mo & R ; (655 199 (V& E/R, HN1 N
WA, AH2 WRstadm, H 3 AR SEmN+
WEVE A LGS F 3 (1l 5B ),

0 HN1 @AH2

I

il o il

9rA, 6- B

S 8r s

S 5k

57t g £

i S 6f 24

M 5t %%33_

%Er E &

g 3l -E.EZ—

E)’Z— = * *
o G ]r

S * e (MW T
0 0=

HNI  AH2

Fi i Cultivar Q0

\Y 4 ¥} X 9 ( A\ S
c}f‘, 3\5“3 %\5‘5 C};% C}S% 3\5‘6 %}5‘5 c}fo

QO QO QO QO QO QO
FH Gene

A: EATHFIBT HN1 FI AH2 28202 ; B: PoSUSs RiBE /1T ; *RmzRBE (P<0.05),
A: Measurement of polysaccharide content in HN1 and AH2 cultivar; B: Expression levels analysis of POSUS genes;
* indicates significant difference (P<0.05).

B4 FREEMHERP PoSUS EEREMERIEENT
Fig. 4 Transcript levels analysis of POSUS genes in different cultivars of Polygonatum odoratum

3 Wi
SRRAZDAWES . SR Hfe. %
SETEEFURIAEY, AR MBI S RO

it DR ] DAy 2 Fof v 24 68l SO BOHTLBE 1 885 B4 7
JERR, RS LN SUS RA IR NS 5k
BRI SR 2 — , FE T G TR 3156
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hsvrdrlsdtlsa tnellalfsrfikqgkgmlqphqllaeykdvipeadrenlkdgvfedvlkasq
elsvpeylgfkeeladgssgenfvleldfepfnasfpri

Consensus |palrsalrkaekhvldlpvdtpyskt

pslsrsigngvgflnrhlssklfndkesnwpllnflry syrgttmmindriq 1

M: DL5000 DNA marker; ZL{AHE 3R 12 BEAE G UG4S H 450
M: DL5000 DNA marker; The red box indicates the sucrose synthase domain.
B 5 PoSUSLEEKTEESSERF T 5

Fig. 5 Cloning and amino acid difference analysis of POSUSL gene

AR, ARSI TR SEEFIIME R, it
ORF 2Kl , PRSP ST, 7EEMThE
WHAE T 8 4> POSUSFEH , HHHLAE T /K FG . flrd
Ir. G . ARERA S 7. 6. 6.5 1
SUSHERPO2 ) R s B H A 2 1) SUS 3t
B, (A H A TFHAE . SER . R,
b EATIEF AT e, FokT R AL
() AT PoSUS 3k [ SR i 53 9 &30, X ASHIF 5% Fp
YY) PoSUS JE R A 745 350k 7E o

FR G 43 AT R 0 35 R A U R S A
RZEIEL R, MIAKENIFREP, SUS i
S B 52 40 vl R 3 A0 R, J8AL s SR AE A A8
SRR A AR SER T AR 2, AR s
T, EAT PoSUS e Z AL 51 7] 40K 3 K
W, HERRFERTEREN, Z#TRET S
WG A 1 Ao, FEHL &3, 72T
FE R B B0 A 4 0L A
WG . ETHUKRER DD R4y, EAT
6 /1> SUS i 51 57K # 3 A~ SUS Bl it B4 3R M R —
WRE, Ml ST AtSUSL, AtSUS4 B2 Hy o —
WHE . FRAFFR S SRAE HABAEY) SUS HePH 5
A AR P 2728

22N BT ELY E BRI AL, T
rapisg R EmTE, HEHaa T 5 AEAR
FAEY RIS R, SUS HEDH B AE A 41 41
B geik, £k ZmUS3 FEAEFRh L, H
Wi 5 FRR L, HERBEZRH I RPY; o
PgSUSL. PgSUS3. PgSUSA JERER A & i
% FjEEED); K MeSUS2. MeSUSA. MeSUSB
7E H AR s R vk R as PP AR BE g & B
PoSUSL., PoSUS3., PoSUSG. PoSUSB 7tz sk
REREE, Hdh PoSUSL il PoSUSS 1A 2541 41
Tk R, WIS ST AT, it
PoSUSL il PoSUS2 7¢ (= Z Ml it HN1 Rk i
FE TR AR AH2, #E—4 %) PoSUSL %K

PEATIT R, = 2R T HN1 R 2 R
AH2 e R RS, HIYNT PoSUSI HEFES
B EFLE R, R, KRG OsSUS3 A E4T PoSUSL
PIRIIRFE , SEZOC RN, %Rk OsUS3 J5 fiE
PERE KRR R e A RO 2 S R A
VR EER 7 5 22 5 B FC A e (] 95 58 D5 ) fig
WF5E, D PoSUSL 1R FI 68 A 224 A A 1) 56 5k fi
BEHER . TEA IR IR GE Y, A TR AL s 1) I R
PR ARG SE R TE BAT 204 6 b 1 A= 92
DIRe AT — 2 500IF

ARG N EATHG S A b % e 8 4> PoSUS 3
PG 0L, g hs 1 2 i ELAT A [9) %) 34k 1
o SR KRG SUS & I E T R,
8 4~ PoSUS fHE H# /N 3 MK E, HIEFKEN
Hi40 5 6 4~ PoSUS Jli i . PoSUSL & R AUTE &
ik FAL R B AR 2 b ik et , ARG
FE = Z PR R Rk 1 B w2 iR, H
G ) 1) e 5 Tl 235 ) A A ) 22 5 v o
HFTE R IR 22 5 . I, PoSUSL JE AR AT AEE
AR AR R . BARRER A
YI2E I RER T it — B0 UE, (HAHFSE ] PoSUS
o SE R D RE TR AR GY B9 SE Rt , 0 EATZ H
Y 5 F AL T B (I PR AR B .
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