5529 B4 12 1) FESREAFZERE Vol. 29, No. 12
202346 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2023

LTI S 21 1 BORT Z2 0 AU G B il DA ) 10 5 6 ik

Mg, X\ R, BFMH, FEM, AT H, R Z, %%, BB
(RAMFPEHRF UHFE OHBEPEH A RERELLERT, PHMFENKFTHRELLL T,
ARAE 611137)

[(HZE] Bl AR R R 2 A0 0 M 25 0 % SR 227 43 T, 60 5% T AN )l ol 280 K 22 0 5t 19 O 5 il 6 X R AT
O 8 RN AIE , I AT 2 AL TR T 5 TR A SR, T BORT 8 ) Y e ik 2R BN O Sy 2 A AR W G UL R g AR i R RIS
Fi& A T Hllumina NovaSeq /& 38 2 U )3 - & ) 850K i S 4 dE A7 007 20 07, AR 4 Nr SR AR (GO) iU & L A 5 5k 4 | R
A A5 (KEGG) B4R 2 1 10 R 43 BT LU 35 3 0 RS 7 SR 4 1) 22 5, O 0 ¢4 22 300 2 22 vl 190 DX S A, 0T D S g 6 R 3 3k B R A7 SR 2%
G3 AT IT 5 20 AT AR OGP A A, SRS R U LA 8 A4S DK B il L DR AT S I 9 1 SR 5 88 5% U i (Real-time PCR) 5
TR, 85 600 )3 45 St — A0 U 5 20 W AE W 6 OGSk Tl 2 PR SR AT [ U5 B DR P 310 40 BT, 4 s R e R AR, TR ASE AR (motif) | ~F &
Fa 3 %FIJ‘?@J%EEﬁﬁ*ﬁﬁﬁ\?ﬁﬁ%,aﬁcﬁﬂ%I‘J«J?@&‘/H’J@iéﬁﬁﬁﬁ*m G55 T Ne e i i B R B 3 R RS 5
PSR R DR [ U e e, GO BRI PR T B A R R W OX 3 b BORE 7E 45 G U fik A AL R PR AR AR R M R A b2 e WA LN
KEGG i# [ 7 B 4 %mﬁ)hJﬁﬁiFff’* R AR A0 LM A B 2 S W AR R R I T A DG A AT
Real-time PCR 3 1iE 92 36 | 2 35 1t 1 000 15 B BE R )7 91 1) 25 K49 15 0 G T00 3000 41 00t 2 385 532 ) AN [) o b 80K 22 B 25t 099 O Bl
B-RBEH T (sacA) . HEiB:sacANEER R ZH S EE2FNEEEMNE , LRSS EE N R RN EZEENK

[REIR] WK, ek, 20, - RIEH I, RMEEBNE

[FE S &S] R284.2;R285;R289;R287; R22;R2-031;R33;R24 [X#tFRIZE] A [XEZEHS] 1005-9903
(2023)12-0157-11

[doi] 10.13422/j.cnki.syfjx.20230414 (158 HARBI ] PIATEIL http: //www.syfjxzz.com T http : //cnki.net

[M&H L]  https:/kns.cnki.net/kems/detail/11.3495.R.20230313.0859.002.html

[(MZ&HARBE] 2023-03-13 15:01:27

Transcriptome-based Screening and Validation of Key Enzyme Genes for Polygonatum

Polysaccharide Metabolism

TAO Peng, LIU Ying, TANG Ziwei, YIN Yanpeng, ZHOU Luojing, CHEN Hulan, GAO Jihai,
PENG Teng
(School of Pharmacy, Chengdu University of Traditional Chinese Medicine, State Key Laboratory of
Southwestern Chinese Medicine Resources, Key Laboratory of Standardization of Chinese Herbal Medicine,
Ministry of Education, Chengdu 611137, China)

[Abstract] Objective: To screen and validate key enzyme genes affecting the polysaccharide content in
different Polygonatum species and perform in-depth amino acid sequence analysis by transcriptomic analysis of
P. zanlanscianense, P. kingianum, and P. cyrtonema rhizomes to enrich the transcriptome data of Polygonatum
plants and provide references for polysaccharide biosynthesis mechanism and genetic improvement. Method:

The Polygonatum transcriptome was sequenced and analyzed using the Illumina NovaSeq high-throughput
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sequencing platform, and the differences in the transcriptomes of the three Polygonatum species were compared
and according to the annotations of Nr, Gene Ontology (GO), and Kyoto Encyclopedia of Genes and Genomes
(KEGG) databases. The key enzymes in the polysaccharide metabolism pathway were screened, and the
expression of key enzyme genes was clustered and correlated with the polysaccharide content. Finally, Real-time
polymerase chain reaction (Real-time PCR) was performed to validate the eight key enzyme genes, and the key
genes of polysaccharide biosynthesis were further screened for homologous gene sequence analysis in
combination with sequencing results, followed by constructing phylogenetic trees, predicting motifs, conserved
structural domains, protein sequence isoelectric points, and molecular weights, and constructing 3D protein
structures by using homology modeling method. Result: The annotation of the Nr database revealed that three
Polygonatum species had the highest gene homology with Asparagus officinalis. GO database annotation results
showed that three Polygonatum species differed significantly in binding, catalytic activity, metabolic processes,
and cellular components, while the KEGG pathway annotation results indicated that three Polygonatum species
differed significantly in the starch and sucrose metabolic pathway and galactose metabolic pathway. According to
clustering analysis, correlation analysis, Real-time PCR, expression profiles, and structural and functional
predictions of amino acid sequences, the key enzyme significantly affecting the polysaccharide content in
different Polygonatum species was inferred to be B-fructofuranosidase (sacA). Conclusion: SacA may be the
main influencing factor for the difference in polysaccharide content of Polygonatum, and is also an important

reason why Polygonatum polysaccharides are mainly fructans.
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Table 1 Primer sequence
ID 2R 53" KB /bp
W< 18SrRNA ¥ AACGGCTACCACATCCAAGG
T ACCAGACTTGCCCTCCAATG
¢242090.graph_c0 HK |3 AAGCCTGAATCCTGGTGAGC 998
T TGCATGGAAGACACAACAGGT
¢255269.graph_c0 scrK |3 AGGAGCCTGCGTTAAGTTGG 1577
T AGCACAGTGAAGCGAACACT
c248696.graph_c0 sacA |- ¥f CATACCTCAGCCCGATTCCC 1437
T GTCCCTTAATCGGTCAGGGC
¢165359.graph_c0 sacA I #f CGGCCAAGAGTGTGAAGACA 376
T ¥f GCAACAGGGCAAATCAAAGC
c243229.graph_cl sacA I #f TACACGCGAGAAATGGTGCT 799
T it AGGTCATCAAGGGCCAATCG
¢232351.graph_c2 uUsp ¥ CTTGTCAGAGATGCCTTGGAGA 460
T it CACCTTTGGCGATTCAGCTT
¢220186.graph_c0 UGE ¥ GCTGGGAGTGAAGGCAAAGA 601
T it GAACTTTCTGAGGCCGGTGG
¢252538.graph_c0 MPI I iif TGTGCGAGCTGGACTTACTC 1811

T CCGAAGGTAGCAAGCAGTGT
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F*2 AEHIEETEN Unigene =

Table 2 Number of Unigene annotated in different databases 4%

Hds ERACT 300<=KE<1000 K JE>=1000
COG 8535 2266 5441
GO 30 021 11474 14 538
KEGG 23 537 8 435 12 399
KOG 18 684 6555 10 101
Pfam 22355 7013 13 603
Swissprot 20 601 6816 11 674
TrEMBL 36 930 14 543 17 526
eggNOG 29 864 11176 15221
nr 38369 15 456 17 666
All 39 860 16213 17 927

3.2 Ne#dEEW R i seit 7E Ne s b, K
B 43 VE BE 2] 1 Unigene 5 7 55 (54.49% ) 19 [a] 5 14



520 B 12 ] HEXBAFZRS Vol. 29, No. 12
202346 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2023
21 FANBEIRNERRSERNE S P VR B W B B ALSY S T IR 3 A GO

Table 3 Number of differentially expressed genes annotated in

different databases A
A e SI5S2tb#  S15S3HE S25S83H#
COG 878 984 666
GO 3453 3587 2 868
KEGG 2 848 2929 2345
KOG 2 140 2267 1689
Pfam 2692 2 883 2182
Swissprot 2462 2 666 1989
TrEMBL 4375 4478 3675
eggNOG 3636 3718 3032
Nr 4 406 4490 3699
All 4569 4616 3835

BT, KR (5.89%) IR (5.06%) R 2, [F i 5 85
BRI Y B — o R PR, W3R 4 g o
J o6 Jam A4

x4 ERREMER

Table 4 Gene homology control

LR BN [i] 5 L 151/ %
7 5% (Asparagus officinalis) 54.49
IR ( Elaeis guineensis) 5.89
12 (Phoenix dactylifera) 5.06
SR J& ( Exophiala aquamarina) 1.39
1% % (Ananas comosus) 1.25
/N F B (Musa acuminata) 1.22
2 ik ( Dendrobium catenatum) 1.11
% R #E )& ( Ensete ventricosum ) 0.99
W% (Vitis vinifera) 0.98
W} (Musa balbisiana) 0.85
other(FiAt) 26.78

33 EHRFRBEWGISH ikl SI S5 S22 R
KAWL AH 45694, A2 387 4
(52.24%), FHIEN 2 18214-(47.76%) ,S1 5 S3
SRKIEHFILG 406164, LEFER2 714 4
(58.80%), FIHFER 1902 14(41.20%),S82 5 83

SRR R S 3 835 4, L K 2 226 4
(58.04%) F LA 1 609 1~ (41.96 %), 3 Fh 8k 22
SR R PRy 22 5 40 A6 O DL 3 5 LD AR
Mok

34 2R EAREKHGOSENEESH W
Unigene 7 GO £ #g e Y L X452 ,S1 5 S2.S1 5
S3.S2 5 S3 /3 WA 3 453.3 587.2 868 M E R F ik

IIIEHI 60 M Z A BEFE A REAR 4 22 S R IR R TN
B H HE 44 BT 20 B9 GO J g 4 i R I, 38 B
224> GO IR UL 1, LLES & Th e M Ak i o A
T M0 0 4 70 22 S e W

. . .
L Bubble Size
[ J [ 4 [ B @
[ J ( ( =
® 3869
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0 : GO Wik 73 B 45 4 (binding ) i Ak 1 14 ( catalytic activity) |
135 75 1115 7E (transporter activity ) 4% B2 45 & %% 5% R 73 1 (nucleic
acid binding transcription factor activity) . ft i#f & & (metabolic
process) | 4 i 1 & (cellular process) . B — A= ¥ {& i 2 (single-
LW M #E (biological regulation) | I i M
(response to stimulus) . 7& 1V (localization) . 20 g A% 4 41 22 5% 4= 9 &
£ (cellular component organization or biogenesis) . 22 4 Jitl 4= ¥ {4 i

organism process)

2 (multicellular organismal process) . & & i & (developmental
process) . {5 %5 (signaling) . 4l Jfd (cell) . 41 Jitd & 43 (cell part) | I
(membrane) 4l i8 % (organelle) X 73 (membrane part) , 41 i #% #
43 (organelle part) \ K43 T & A & (macromolecular complex) | J& &} [4]
Jii /& (membrane-enclosed lumen)

E1 =RFREERFGOIEESELIT

Fig. 1 GO functional classification statistics of differentially

expressed genes

3.5 KEGGE Gt #r S145S234 14254
28 5 RIB LA B TE RS T KEGG 9 129 % i,
H 4 kSt 5 S3(1 4284 ,128%),82%5 83
(11754 ,127 %% ) . E Z A 40 g i 72 (cellular
process) . ¥ 3% 155 B 4b P (environmental information
Vi B OAb B (genetlc information
processing) . % #§f (metabolism) . # #l % %4 (organic
system)5 K2, 22 5 B B H B L i WL 3% 5, AN )
o [va) 5 R A QISR OG 10 30 % 22 S RN H IR 2

3.6 KEGG il B w8 b X RE i 41 25 53 3R 0K

P BEAT KEGG 1 % o7 48 , ¥E % w5 4 2 B Al 20/ﬂﬁ5%
HEAT 23 A, UL 4 8 1 R RRT A ek o DA A A O 2 25 5
PR E YT 20 REBKOR A L S1 5 S2 LS
Z AR OC Y T8 B O TE A S RERAC I T L S2 5
S3 LA VE K3 5 REME IS % 5 2 LRI
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Table 5  Statistics of differentially expressed gene in KEGG
pathway
S158S2 S15S3 S25 83
TR
BH % Bl% BE 2k Bl BOH & HB%
240 i 60 3.92 57 3.81 42 3.24

A B AL PR 92 6.01 86 5.75 87 6.72
WA EALEE 445 29.07 382 2553 345  26.64

B AR AC 803  52.45 834 5575 679 5243
HILZR G 131 8.56 137 9.16 142 1097

DL S5 R0, 3k 3 i 2 22 WA U A 3 7 2% 08 %
25 SRR B TR S 2 2 AR F 5T e T AR
F 5T B
3.7 ZWEACHH OCHE N 22 R IA LK 40T HOR P
EETES N EE AERT S ISR N TETRSE N
2520 S BN | K e U 2% M L R RS i S — R B
fitt 55 UEE Z 0, AR R AR RV 3P B K E L
MEACHR R B R E F AR KR ER B 5 R
AR & 72 (ko00500) | 22 FE W% FIAZ 11 2 M 30 i 42
(ko00520) . 5 4 A1 H 58 4 8 3 % 12 (ko00051) | 2
FLHEAR 35 12 (ko00052) Hr L8 LR 5 205
BCAH 5G9 OC 5 i , UDP-7 % % i (B (UGDH) . C.
B (HK) I B (serK) (8- M5 B (sacA) |
W R H 22 OB 5 M B (PMM) | E BE B AR A R
(SPS) .UDP # ££ % iR ft. lif (USP) . UTP- 7 % Hl -1-
T 2 DR T 56 A5 il (UGP)  UDP-7) % 4 1 1% 4-41 5 il
(UGE) . H # Hl -6- 8% 2 5 ¥4 il (MPI) | 18 b & Al il
(SUS) .GDP-H & B ££ % i2 1t i (GMPP) .GDP 1
7 W 4, 6- bi K i (GMDS) . UDP- [ 2= B & nl i
(RHM )" 4 4l DEseq2 4b Bl 5 A% 3 [H 36 1k B 5L
o 22l RS, DL E 2, 45 0 R 3 R e a2 (6] 2=
Sl AT AR i ok S G B g DA ) 3R GA 25 S B
K& BEAT W A0 4325 T[] b BRG] 22 S 00 A 1 3
£ 48 # A5 UGDH .PMM ,SPS .sacA .RHM .GMDS 1
FH Rk W T AL EOR 5 R R
MPI . UGP.SUS . UGE ,GMPP ) 3t [H 3 ik 1 % 55
T2 AW S A0 Sk 8 3 RUIFE R —HE N
sacA %t [ c249389. graph c0. c248696. graph c0 .
c243299. graph_c0 [ & ik & B % & T K 5 il 3L
PR, BRI 45 SR 2 g A G e R i 00 AR B 1] 4 B3R Gk
25 LR A BT A I R A R R RS 2 RN sacA
YT BE 2 52 M HORS 20 O iR E T
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Table 6 Correlation data between polysaccharide content and enzyme expression

MxX ZH

" . UGDH HK scaK  sacA PMM  SPS USP UGP2 UGE  MPI SUS GMPP GMDS RHM
RS [EIEEN

E2 1 0.896” 0.104 0.696" 0957 0922 0908 0.696" 0011 -0075 -0.039 -0.173 0.741” -0.544  0.638
i

UGDH  0.896” 1 -0.142  0.823% 08817 0.834” 0.833” 0.893 -0.082 -0.102 -0.040 -0.145  0.626 -0.583  0.638
HK 0.104 -0.142 1 0.157 0061  0.103 0176 -0296 0254 0373 0097 0310 0082 -0.080 -0.014
serk 0.696" 0.823% 0.157 1 0581 0718”0707 0.738" 0.171 0352  0.150 0355 0389 -0285  0.300
sacA 0957 0.881% 0.061 0.581 1 0.801 0886 0.692" -0224 -0317 -0210 -0.400  0.790" -0.741"  0.790"
PMM 09222 0834 0.103 0.718" 0.801% 1 0.793" 0658 0334 0180 0230  0.041 0575 -0253 0401
SPS 0.908” 08332 0.176 0.707" 0.886> 0.793" 1 0.759" -0.153 -0.190 -0.233 -0270  0.885” -0.603  0.769"
USP 0.696"  0.893” -0.296 0.738" 0.692" 0.658  0.759" 1 -0.116 -0.191 -0.134 -0218 0580 -0.528  0.685"
UGP2 0011 -0.082 0254 0.171 -0224 0334 -0.153 -0.116 1 0.860” 0.858” 0.718" 0454 0577 —0.570
UGE -0.075 -0.102 0373 0352 -0317 0.180 -0.190 -0.191  0.860” 1 0.790" 09612 -0.532 0579 —0.693"
MPI  -0.039 -0.040 0.097 0.150 -0210 0230 -0233 -0.134  0.858 0.790" 1 0.640 -0.567 0411 -0.612
SUS  -0.173 -0.145 0310 0355 -0400 0.041 -0270 -0.218  0.718" 0.961> 0.64 1 -0.578  0.603 -0.724"
GMPP 0.741" 0.626 0.082 0389  0.790" 0575  0.885° 0.580 -0.454 -0532 -0.567 -0.578 1 -0.570  0.832%
GMDS -0.544 -0.583 -0.080 —-0.285 -0.741" -0.253 -0.603 -0.528 0577 0579 0411  0.603 -0.570 1 -0.864%
RHM  0.638  0.638 -0.014 0300  0.790"” 0401  0.769" 0.685" -0.570 -0.693" -0.612 -0.724" 0.832% -0.864% 1

. P<0.05,2 P<0.01
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Fig. 5 Expression of 8 key enzyme genes compared with Real-time PCR relative expression
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Table 7 Physicochemical properties of key gene protein sequences
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¢256418.graph_c0 5.96 41520.03 41.38 40 47
¢244654.graph_c0 5.38 49 165.02 52.03 49 61
¢230588.graph_c0 7.07 57396.87 42.08 61 62

c234960.graph_c0.seq
Consensus

c249389.graph_c0.seq
XP_020240888.1.seq
c248696.graph_c0.seq
ABS72186.1.seq
€234960.graph_c0.seq
Consensus

c249389.graph_c0.seq
XP_020240888.1.seq
c248696.graph_c0.seq
ABS72186.1.seq
€234960.graph_c0.seq
Consensus

c©249389.graph_c0.seq
XP_020240888.1.seq
c248696.graph_c0.seq
ABS72186.1.seq
c234960.graph_c0.seq
Consensus

c€249389.graph_c0.seq
XP_020240888.1.seq
c248696.graph_c0.seq
ABS72186.1.seq
€234960.graph_c0.seq

Consensus It

d wa
c249389.graph_c0.seq AATRG L INQQL' 'YVSRGIEGNLLTHEC!
XP_020240888.1.seq ABNRG INQDL! [YVSRGTDGDLRTHECH

c248696.graph_c0.seq
ABS72186.1.seq

ARTRG INEDL: [YVGRGTDGSLQTHLC
€234960.graph_c0.seq ISKRT. I HENQ RPFRICEP....CYEG

Consensus

...ELLG. .FAAVAYYYHNG

c©249389.graph_c0.seq . .MESS| SAP. LL SKEKIIALTVIAVV.

XP_020240888.1.seq MASPSS] ~PP LL! SKERL TLTAAF....LVALALFLADGSASREV.
c248696.graph_c0.seq .MGSST) .SH BT RTESLLSEALAVAS...LLALAFFLNR.GSDSGTIG
ABS72186.1.seq .MGs.Q .AR IV RTIETLRSESLALSVVAFLLAAALLLSKSGSVENEN

-MALVLSRGVSBGVSEKS!

PASDPIMAA....ADGEV R 88
AR .KLRSDP. . ..IKEHD 90
INSGSGEG. . . R 87
DAILAPLEQS 97
LLARCEFP. 3% § 2 Q| 45

a
=

O H H B

=

EL! YN H ML Q 588
L EDV G. Y. Q 523

1| |d| ] 1 tg
N TSTQS] 280
N S| TSTQS] 282
D . AV 284
.AV 291
RKYEQWEW . Gl 238
df 1

379
382
383
390
333

3 DQEAMDAT, TYNCSTS 477
KIG LDNSALDGA TYNCSTS 480
T inaj 454
IISHET IKKEELEAV] TYNCSTS 488
DLGHEVVE ILNTSMGG. . .BBYVN. . .GC: 427
g

gi vyt

577
580
....... 454

c©249389.graph_c0.seq IYSAAR T T JILFHSFPGIMQQAP 624
XP_020240888.1.seq IYNKAR: T T THNHPEPGLESLFE 627

c©248696.graph_c0.seq
ABS72186.1.seq

IYEGAR T I JTHDTICH
c234960.graph_c0.seq EKN . N JASEGNA

Consensus
7 DNAmanlb 34 R
Fig.7 DNAman matching results

KL EORE 2 A6 O 1 AR 25 A S AL B TE AT R B
Gy AT IE X DU A5 B AT BT R PP AL B OR TS 24K
P BT AT SEME , E A5G T Nr GO .KEGG 3 K%k
it X B DR R AT VR B AT

Nr $iH 22 50 245 SR 3R W RS 5 7 25 S A 0 1Y
A R R R L 4 GO 5 KEGG & 4 43 Hr . SCHk i
ST UK 43 HT 5 Real-time PCR 36 IE 5256 45 4 22
S 56 R B0 B ORI 2 3K S 43 AT 4 MY sacA R S T )
LR 2 A0 ORI EORS 205 a0 B OCHE
22 KEGG 1Rl fi% B % BLAE 4 455 2 AR A 56 1
T I P AR TE R 5 R AC 58 B (ko00500) 5 2 7L
AR 38 6 (ko00052) H & i Fl i |, [m] B & 4 43
Brai R /R 3R M AE X 2 ki % L 22 7k iR

454
635
561

& AT IE B S I 0 n] S R DG 1 o A 4 AR
7 ] UGDH ,PMM , SPS, scrK , USP, GMPP iX JL fif
ity %o 22 W AT 2 SE 0A  {H & Real-time PCR 40
TIE S 56 245 5 R TIE W 3 S 4596 o 1 [ i DA 3%
KR A WL AR T sacA, Fr LIA SCH sacA JEH 917
T AT

Xt sacA F R 2 5 18 I 41 i A7 [ U 3 9 &R 4 ok
PR K 1 motif X B 5 R <7 S5 A U R0, i — 2P E
RS Y 34> sacA 3 [R5 5 35 5 A5 1 0 45 4
S5 fetk AR . ZHANG 255 )\ Z 16 #85 h 4r 8
FE) T 2R Z 0, 400 Oy 5 M DP1 RN 2 LR B
PP1, Ak 1 ot 1 45 74 %5 o 36 W] DP1 41 B SR 4 A
B 0 TE AR A 4 LA R 96.29% 5 3.71%, &

- 165 -



H29 B 124
202346 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 29,No. 12
Jun. ,2023

B DP1 3= 2 ply K o S0 38 o A [R) 28 28 ) b B i
B2, 17 PP =2 2 ph 2 L0 0 Ao W 5 a2 2 1
AT B AL 15 R K F DP1(11.40% ) 7 i i 5 T PP1
(0.89%) . ZHAO 551 iF 5% 45 S 3¢ B #0KS P 11y
EA R AR YV ER RS Y Rl
FIHABZE R Z 0, th T RN 2R A 5OR A R IS
IS5 D] 2 44 B %) B MR T 5 ), R B B R
FHH L5 B i 00 Ry S 30 R i A B A 5 — WK
TSN — W Sk G LA A% 0 R L O T O LR A A
BRI RS Z IRIR WA A I ) — AR
¥ 3 W B R £ B P — A, DL G AR
M) SR B o e JUAS AT 25 & 32 AR IS W) 1) W 3L 5
B Tl 1) A 45 4 S 7R, ik 6 il HL A AL [ 0 A% 0
A R S B B T RE AR AR A RT AR B DU T IR
YIRe s OF IE AR 5] SR % R 5 2 AR G5 A 0 mi 4 3
B AN TR 7 s 2 W, o 2 BARR X3 17 435 252 08 4k Ry A= 9
v L B (1 45 OB 45 #0212 4R I T R AR T
KA AEC DL pET28a A 2 (AR 5L 8L T 2 il 25 O R 1
IR0 L B Bl 5L A frw #F KW 3% 4y TR BL21(DE3)
B SRR 235 JEF IS b T 2lifb 5 AL R ML B
TRt V1 Tl 2 M T, R R R R RO R R il ) 7 A
HLEgE A B s A R TR Tk AR A
A PERRE B R L 45 A 2 A G AR gt E g
sacA [ e & T AL G Wk B, 3 DU B0 19 sacA Bk
DRI s, 7T 44 T W 5 R 0 A A A NS R Ak A T R
O 7% 1) SR R o

Sk 21 22 Wi 5 AT DA S DR ) B s R 4 R R
XoF it A 2 S A A B R RS A S A sacA R R A
FE PRI 5 48 15 1) B8 43 BT 4R D 1 sac A S [ il B
Km0 EBEN, FE R T sacA & H#
K 220 2B R RME Y SR R 2, T — 2 AR
T sacA 1 F A FE N P B & T 5 | 4 0 A7 ok A 2,
i SR SRR IR A R R DI RE N R £
WA BUAIL 1 VR A BIF 5% 25 7 LAk, o B JE A )
B A5 B KR T R PR T B S

[FIzgEmze] ASURALAATH B4 .

(5% k]

(1] HERHMZEHRS. PRANRIEFEZGM . B [M].
et b B 25 B4 A, 20200 1088,

(2] PFgulse. ZEHIEIM] MES T, bt ART
A AL, 1986123,

(3] W B TA SR E, S SRR T s et
R[], 25k ,2011,34(9):1346-1348.

(4] FENES, MR, 250, 45 . R SRS Al 0T IR T 5% F

-+ 166 -

[5]

[6]

[9]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

JELT). Lo AR Rl ,2021,49(11) :35-39.

HI LR TR, VLA SRS IR A S A
(1], WAL S B 25,2021,17(12) : 13-15.

R T, B el sk b, 5 . ANRAESE T Z L H0R L
S BT, 25 ,2020,42(11) :2948-2953.
e . =~ M2 b —— B kG [J]. R R 2
#2,2022,7(2): 102.

FEUE R B, ok 42 3, 4 . 24 T BORS M ) 04 17 o 1
B Ay K P AR IR S e L] b [ o 2 4t
£,2020,45(17):4163-4182.

PRALIE , W R B AR OR, 5 ZARTORT TR 15 &
ELR N T B SR MG BT (T]. 2544 ,2021,44(9)
2153-2156.

LIU J, LI T, CHEN H, et al. Structural
characterization and osteogenic activity in vitro of
novel polysaccharides from the rhizome of
Polygonatum sibiricum|[J]. Food Function, 2021, doi:
10. 1039/d1f000938a.

CHAI Y, LUO J, BAO Y. Effects of Polygonatum
sibiricum saponin on hyperglycemia, gut microbiota
composition and metabolic profiles in type 2 diabetes
mice[J]. Biomed Pharmacother, 2021, doi: 10. 1016/j.
biopha. 2021. 112155.

LIU B, TANG Y, SONG Z, et al. Polygonatum
sibiricum F. delaroche polysaccharide ameliorates
HFD-induced mouse obesity via regulation of lipid
metabolism and inflammatory response [J]. Mol Med
Rep,2021,doi: 10. 3892/MMR. 2021. 12140.

E, MR e, A R T 2R SR
fLiE PERF G 1], PRz, 2021,52(16) :4789-4796.
AL SRbr, TEME K, A L T BORE VB AR o A DX T
KA SIS T ARG [T]. h E RO B 40,2021, 23
(8):185-192.

R, B, Mok . WAL R R R il GC-MS 23 BT
KA A AT PRI s [ ], Wb RO K24l A SRR
20T ,2022,40(4):374-379,384.
KI5, TR VK, A5 BORE R 6 R AL (Y SSR i %
25 e 0] b o 25 200k, 2018, 43 (14) £ 2935-
2943.

TR M R, 4 DNA SJU RS LE S0k Jm 245 11
L) %8 5l ZRePE b rg T (7). AR 2
it ,2022,40(4) :533-543.
B, LB AR A % et gl R A A
W ARG E B B (7], SUAREE b T, 2020, 47
(4):14-17.

TR MR R, B B S A A RO R
HEIELT]. Rl R ,2019,36(2) :402-413.

LI D,WANG Q,CHEN S, et al. De novo assembly and



520 B 12 ] HESSEFFFHRE Vol. 29, No. 12
20234E6 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2023
analysis of Polygonatum cyrtonema Hua and #2,2021,66(22):2820-2831.

[22]

[23]

[24]

[25]

[27]

[28]

[29]

[30]

identification of genes involved in polysaccharide and
saponin biosynthesis [J]. BMC Genomics, 2022, 23
(1):195.

FENG T, JIANG Y, JIA Q, et al. Transcriptome
sections of Rhizome in

analysis of different

Polygonatum sibiricum Red. and mining putative
genes participate in polysaccharide biosynthesis [J].
Biochemical genetics, 2022, doi: 10. 1007/s10528-022-
10183-x.

BRI R, AR 2R S AL )
Br 5 6 PR 2 A W8 AR DG R A SR ). op [ 2y
Z%75,2020,45(7) :1648-1656.

BUWIBK  ATAE 25, ERKIN , 55 . B T 20 WO % S 4
ZHE KB BRSBTS L] T E 2 Ay
#,2020,45(1):85-91.

M R T R A TR L ST R
iR 5 100 A G HE PR B A3 BT (7). 0 R AR R AT,
2020,54(6) :931-940.

MR, B RS AR L BT R AL I 2 4
RG2S G R R Rk A AT (). & 5 4
W AR 24 ,2022,41(4) : 84-92.
MICHAEL L, WOLFGANG H,
Moderated estimation of fold change and dispersion for
RNA-seq data with DESeq2[J]. Genome Biol, 2014,
15(12):550.

BRAF RET I, £ 5L ZAEERILT BB SR
B 225 2 N (CIGR) o b S T RE[ ], o2 T 45 3R 058
WA ,2020,26(2) 1 255-263.

il % 25, THET, BRI, 45 L i AT B 3 e (4% -
Jik e <2 5 A I 0 SE 22 A EORT 22 W B SO 2 [T ).
HE 2 ,2017,48(8):1671-1676.

FRE TR M2 R AT, 4F . 2T PMP-HPLC Al fb 2
T B BORE R SR B 20 22 A AT ()L b [ SE
IRl 2E 4Rk ,2019,25(15) :25-29.

A, R SCHE . A RO O S e (0] B

SIMON A.

[34]

[35]

[36]

[37]

[39]

BT, R AR A L 2 A0 BRSO TOE A
GDP-H 5% 1 £5 B W2 Ak il 1 i (R 5 [ % il 445 A4 1 I
[T]. A2 2 7,2022,39(4) : 1-6.
WANG C, PENG D, ZHU 1J, et al. Transcriptome
analysis of  Polygonatum cyrtonema Hua:
Identification of genes involved in polysaccharide
biosynthesis [ J]. Plant Methods, 2019, doi: 10. 1186/
s13007-019-0441-9.
PRI, B T S A AN T AR AR 2 i A A
PR Xof L B8RS 77 ek R it BT A 52w [0 7 ARl B A
2022,51(5):113-117,126. .
KSR AL AR R ILAR, 55 AN [ Ot BBE 8 X &2 6
KA R RO & R ER R [T ], I AR R BR 2021,
53(6):44-47.
ZHANG J, CHEN H, LUO L, et al. Structures of
fructan and galactan from Polygonatum cyrtonema and
their utilization by probiotic bacteria [J]. Carbohydr
Polym,2021,doi:10. 1016/j. carbpol. 2021. 118219.
ZHAO P, LI X, WANG Y, et al. Characterisation and
saccharide mapping of polysaccharides from four
Carbohydrate
10. 1016/j.

Polygonatum  spp. [J].
Polymers, 2020, doi:
carbpol. 2020. 115836.

KELLEY M, ROBERT H. Emerging structural insights

common

into glycosyltransferase-mediated synthesis of glycans.
[J]. Nat Chem Biol, 2019, doi: 10. 1038/541589-019-
0350-2.
R, i R, Bl e, 45 . SUBE R A B TE K AT
BB Rk R R )] ARk, 2018,
35(6):11-15.
NING Y, XU Y, JIAO B, et al. Application of gene
knockout and heterologous expression strategy in
fungal secondary metabolites biosynthesis[J]. Marine
Drugs,2022,20(11):705.

[RERE ME]

- 167 -



