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Abstract: Objective To investigate the synthesis genes of triterpenoid saponins from Astragalus membranaceus var. mongholicus
and the CYP and UGT genes involved in post-processing modification. Methods Transcriptome sequencing and bioinformatics
analysis were performed on 2 and 3 years old Mongolian Astragalus. Results Illumina HiSeq platform was used for sequencing,
and 42.22 Gb of data were obtained. After Trinity software stitching, 369 790 Transcripts and 336 068 Unigene Transcripts were
obtained. Compared with non-redundant protein sequence database (NR), Gene Ontology Consortium (GO), Cluster of Orthologous
Groups of proteins (eggNOG/COG), Kyoto Encyclopedia of Genes and Genomes (KEGG), Swiss-Prot and PFAM databases, the
results showed that Astragalus mongholicus and chickpea (Cicer arietinum Linn.) had the most homologous sequences. KEGG
analysis showed that astragalus differential genes were mainly enriched in the terpene skeleton biosynthesis pathway, diterpene

biosynthesis pathway and aminoacyl-trNA biosynthesis pathway. Further, 114 differentially expressed Unigene including 15 key
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enzyme genes were identified from the terpene skeleton biosynthesis pathway. The expression of hexPS was significantly
up-regulated in three-year-old Mongolian astragalus. ACAT, HUGCS, HMGCR, MVK, MVAK2, MVD, IDI, FDPS, GGPS1, FNTB,
STE24, STE14, FCLY and DHDDS were up-regulated and down-regulated in Unigene. After further mining of astragalus triterpenoid

saponin biosynthetic modifier genes, eight key CYP genes were found to be differentially expressed, which were acyP, PPID/ CYPD,
PPIH/CYPH, CYP26A, CYP51, CYP84A4, CYP61A, cypD E/ CYP1024/ CYP505. Two UGT differentially expressed key enzyme
genes HUGT and SUGTI. Conclusion There are significant differences in the expressions of saponin synthesis genes, CYP and

UGT genes in 2- and 3-year-old astragalus. These genes are involved in the synthesis, processing and modification of astragalus.

Key words: Astragalus membranaceus (Fisch.) Bge. var. mongholicus (Bge.) Hsiao; transcriptome; differentially expressed genes;

astragalus saponin; biosynthetic pathway
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Table 1 RNA-seq data of samples
FEA B % e B/ 2% GC/%  Q20/%  Q30/% VL &/ 2% ULACEE /%

WA 45314 992 45314978 46.10 98.67 95.13 41325741 79.15
WA 51107 200 51107 182 48.43 98.66 95.13 48933 509 79.14
[EEae 44 917 600 44 917 590 49.41 98.71 95.29 43 240 988 78.00
A 41 558 952 41 558 946 49.86 98.57 94.88 35704 002 76.92
A 49 987 650 49 987 630 49.84 98.66 95.16 42 819 783 76.88
A 49 435172 49 435 160 49.86 98.64 95.11 42 470 996 76.91
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Table 2 Statistics of transcripts and Unigenes after sequence assembly

E{=gan 200~500 bp/%k  500~1000 bp/%k  1~2000 bp/2%  >2000 bp/%%  HHysk “FHIKE/S% N50/bp N90/bp
LESTN 227 606 62273 50 872 29 039 369 790 738.8 1293 275
Unigene 227 595 57424 34283 16 766 336 068 617.2 904 261
i s JE DK 4 3216 17399 29038 16 009 65 662 / / /
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GLitfE NR 8 B rp Lo 2 i Re(s 2, 47
F| 61 285 %% Unigene, L5l E&Lﬁxy%uﬂfa%
4 (Dicotyledoneae) FHBLF 1 VLA EE 5% =149 60 059
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Table 3 Statistics of sequence annotation

s e /% LeA51/%
NR 61285 97.180
Swiss-Prot 39 827 63.153
GO 39166 62.104
KEGG 23 630 37.469
PFAM 54 194 85.936
eggNOG/COG 36 599 58.034
Swiss-Prot
1
~ 0 GO
KEGG

&1

ry']/I%*%l\_.\.
Fig. 1 Venn diagram of transcript annotation in different

databases
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WE S J® Cicer Linn. 18 385 %% (30%). Ef5)®
Medicago L. 12 870 % (21%). #ATYIHFE BT
KU, ZFEEESHEYIEYE S Cicer arietinum Linn,
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Fig. 2 Species distribution annotated in NR database
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/3 (cellular component, 88 136 2k, 32.85%) Fl‘E
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Fig. 3 GO annotation of the transcriptome
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AR (carbohydrate transport and metabolism) 2553
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B HAEWA X (terpenoid backbone biosynthesis, 122
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A: RNA processing and modification

B: chromatin structure and dynamics

C: energy production and conversion

D: cell cycle control, cell division, chromosome partitioning
E: amino acid transport and metabolism

F: nucleotide transport and metabolism

G: carbohydrate transport and metabolism

H: coenzyme transport and metabolism

I: lipid transport and metabolism

J: translation, ribosomal structure and biogenesis

K: transcription

L: replication, recombination and repair

M: cell wall/membrane/envelope biogenesis

N: cell motility

O: posttranslational modification, protein turnover, chaperones
P: inorganic ion transport and metabolism

Q: secondary metabolites biosynthesis, transport and catabolism
S: function unknown

T: signal transduction mechanisms

U: intracellular trafficking, secretion, and vesicular transport
V: defense mechanisms

W: extracellular structures

Y: nuclear structure

Z: cytoskeleton

© 920 FE B 2023428 B54% B3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3
3000
2000

: I I I I IH s

ABCDEFGHIJKLMNOPQSTUVWYZ
Function Class

Unigenes #( &

4 E[E eggNOG/COG B A5 E
Fig. 4 EggNOG /COG annotation classification statistical map of genes
*4 ERNERGHUERERE

transport and catabolism{ i i i . .
signal transduction{| Table 4  Differential secondary metabolite synthesis
folding, sorting and degradation- [l pathways
replication and repair. .
transcription, | ZRRHR AR RS Unigenes/Z
translation- [ -
amino acid metabolism{ | N SABFE-RNA VAR ko00970 228
biosynthesis of other secondary metabolites{ | i celllrprocesses _ " Ak
carbohydrate metabolism{ |G =e“v“‘?"¥“e“'al“?ﬁ"““"°“1?‘mmg KRR E R ko00940 226
. genenclpﬁymanonptmmg b e =y J= ey =iy .
energy metabolism; [ I ecbolim KHNER. BERANOZRED AR ko00400 152
global and overview maps [Jj I gl syt B e
glycan biosynthesis and metabolism{| HREREM AR k000900 122
A lipid metabolism, Il AN RRH 0 6 A ko01040 114
metabolism of cofactors and vitamins. -
metabolism of other amino acids{|Jjj ZRRESFAERE A FEW)A L ko00770 107
metabolism of terpenoids and polyketides FE P, .
environmental adaptation gﬁ%@ﬁ\ %?\M*HE%%M@}%%& k000290 106
0 1000t 2000 PRBTBR A £ R k000061 100
coun
SRR IR £ ) P k000950 98
%] it iy " 8
Bls RE KEGC —RAXhmit TRk k00300 84
5 KEGG secondary classification statistics of genes . n X
2 B A SRR L) B 1 ko00130 76
G, SR EARIEIE-RNA EVER  wmeman k000790 75
ﬁﬁé%%i” 228 % Unigenes B/‘];I%‘E_F, E‘S%iﬂ%ﬁ—ﬁ Eyey ety Eain k000941 44
N \E i S, e EL o AN N
lﬁj%ﬁ 183 %, 99 %JK%J:U% H Efllﬁﬁ H 7I</:—E¢@ [=] S A globo Z7 k000603 30
SR B 122 4 Unigenes ITF 5L, 4051 e
EE‘L{J: %%iJ 122 5% Umgenes B’] H 1 f %@J 100 R S R k000261 26
FIESHRUPER, JUPTT 53 % DEGs BB 4 o0 i
N s — . 7N - oM =]
TRV E BORE E SR 14 5% Unigenes 1 5% R —ERRREEREAR k00945 0
- > ay o N N — M — PR = (=] 0
N, AEEER 13 KRR, SRERIATN . ‘ :
SR RIS R FO ) £ ko00073 17

36 CHeEERLNARERERFAERESE 1
AR KRS M B e i PR oooos 4
TR BRI 15 ek FERRRCER A ko009 13




FED 202325 $54% H3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3 * 921

KEGG enrichment

terpenoid backbone biosynthesis{ @

ribosome biogenesis in eukaryotes{ @

plant hormone signal transduction @
photosynthesis ®
isoflavonoid biosynthesis of P1H
inositol phosphate metabolism{® 88§
glycosylphosphatidylinositol (GPI)-anchor biosynthesis{ & 0.02
glycosphingolipid biosynthesis-ganglio series 0.01
. . DE
glycosaminoglycan degradation . *
glycine, serine and threonine metabolism{ @ : ;88
glycerophospholipid metabolism {§ @ 300

ether lipid metabolism{ @
diterpenoid biosynthesis *

caffeine metabolism

aminoacyl-tRNA biosynthesis{ @

0.80  0.90 1.00
rich factor

El6 Z=HEMEKEGGgEE
Fig. 6 KEGG pathways enriched for differentially

expressed genes

Mg L, ol AN RIK ZE R A
( hexaprenyl-diphosphate synthase , hexPS, 2 %%k
Pk ik R A- IH R R R A R e
( acetyl-CoA C-acetyltransferase , ACAT , 10 %%
W OE L MW A S
(hydroxymethylglutaryl-CoA synthase, HMGCS, 5 %%
Unigene ) ~ & B X — Bt B A & 5 B
(hydroxymethylglutaryl-CoA reductase, HMGCR, 13
% Unigene). FH¥2IKERIEF (mevalonate kinase,

MVK , 4 % Unigene ) . B IR H 2 /& MR ¥ B
(phosphomevalonate kinase, MVAK2, 4 %% Unigene)-

TR R R R R B8 ( diphosphomevalonate
decarboxylase, MVD, 4 % Unigene). 57/ 3H IR
Delta- 5+ #J B ( isopentenyl-diphosphate delta-
isomerase, IDI, 3 %% Unigene) . i ¥R A B (farnesyl
diphosphate synthase, FDPS, 11 %k Unigene). 44"
JU A g L £ B R & B ( geranylgeranyl
diphosphate synthase, GGPSI, 6 %k Unigene). £K[]
TR NG (protein farnesyltransferase subunit
beta, FNTB, 7 %)~ WkES (endopeptidase, STE24,
4 % Unigene). HHFI-S-57 L MR O-H %
L2 ( protein-S-isoprenylcysteine  O-methyl
transferase, STEI4, 2 %k Unigene) /% _J& A

Unigene ) +

Unigene )

TR A MG (prenylcysteine oxidase/ farnesylcysteine
lyase, FCLY, 6 7). # R TIGE R G
( ditranspolycis-polyprenyl diphosphate synthase ,
DHDDS, 9 %). HH1 hexPS ¥ FiHFIE, ACAT.
HMGCS. HMGCR. MVK. MVAK2. MVD. IDI.
FDPS.GGPSI1.FNTB.STE24.STEI4.FCLY.DHDDS
BEA B CE R ARSI Unigene, 22 7 ik 5L
REME (D,
3.7 ZHEEEHEMIAMEEINER CYP. UGT 2
VS E ST

ARV A A AR IR 2t B B R B i P 3L i
3| 8 Fl CYP 12 i UGT Z b KRG . 43731
N2 55 TR R AR R 2 24 Y 1 T e A 1 W e A P
B3R (acylphosphatase, acyP); S 5K NEEY &
FSCE TR R -5-Fe AL g 25 IR (ferulate-5-hydroxylase,
CYPS4A/F5H); Z 5K REAN) & BT BF 140-5H
HEAVBEER (sterol 14alpha-demethylas , CYP51) Fll
(9 BF 22- 25 Y M B £ K| ( ERGS/CYPG6IA ,  sterol
22-desaturase); Z5 TR ZE H RRIERE AR
(RIZH L (5 3% PASO/NADPH-ZHff (4 3% P450 38 53 A
(  cytochrome  P450/NADPH-cytochrome  P450
reductase, cypD E/CYP102A4/CYP505); % 53R5EMER
T 2 i 2 A U - I R S A Il R A
(peptidyl-prolyl isomerase D, PPID/CYPD); ByHzAAN
JRFEHE B A H [peptidyl-prolyl isomerase H,
PPIH/CYPH (cyclophilin H) 1; Z 538 E/ Qi I4m
3R P450 X% 26 WAk A BEEH (cytochrome
P450 family 26 subfamily A, CYP264). 2 Ff UGT 5%
W DAy R . B ROME R R R R I
( UDP-glucose:glycoprotein  glucosyltransferase
HUGT); SKPI ] G2 A5 HE PR M| K § (suppressor of
G2 allele of SKP1, SUGTI/SGTID). fiiik) 10 Fh =ik
BHAYG BB, EEFAE SRR
kB BT (35D,
4 g

AP FLH EE RN EOR, A E A KRR 52
O RO A VAR AT R S A, AR BE
519327 336 068 2% Unigenes, fE 5 N JE
(NR. Swiss-Prot. GO. KEGG. PFAM.) #iIL[F]
VERER 21 194 2% Unigene, /2 Unigene /1 6.31%,
WK 5 7 5200 S A s A B A 5
B §R VKRR G R B HE R
1T53HT, KIAE KEGG £ 2445 23 630 /> Unigenes
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x5 AREHFEUEMH CYP. UGT £H
Table 5 Astragalus saponin biosynthesis of CYP, UGT genes
Sk EC %5 Unigene %5 BwA /T
acyP 3.6.1.7 g105592_i0 FiA
PPID, CYPD 5.2.1.8 236068 _i0 FiA
PPIH, CYPH 5.2.1.8 280318 _i0 FiA
CYP26A 1.14.14.- 290817_i0 FiA
CYPs1 1.14.14.154/1.14.1536  g20181_i0 FiA
CYP84A 1.14.- g14282_i0; g18644 i0; g33209_i0; g46321_i0 FiA
CYP61A 1.14.19.41 g15568_i0; g20329_i0; g39339 i0; gl6273_i0; g23980_i0; iR
cypD_E/ CYP102A/ CYPS05 1.14.14.1/1.6.2.4 234946 _i0; g35649_i0; g4314_i0; g44357_i0; g50033_i0; g9403_i0; iR
HUGT 24.1.- 224183 i0; g24970 i0; g44101 i0; iR
SUGTI / £32060_i0; ¢35103_i0; iR

FRITEEXT B 84 Skimpg T, P A F KR
H 10 061 4 EFRIEFEN, FERIUEZIEHEFRE-
(RNA EVIE R EE AN E S iR EY)
G ROEEF .

5% 17 T 1 ) Unigene 75 Nr B30 FE 35 453 B LL 1)
s (98.17%), R EIM FIEAE B £ E X
TN (98%), H N H (64%) IEFLAERI(67%)-
JEHEE R (30%). EfEE (21%), Xn N5k

ERARIE . Y. SRR YRl
AL EE S . TR T FAR B Hx &
W, FHHRKESHEYEES (35%). REREE
(25% ) BRI B2 RR (7% ) T KR (7%) AR (6%)
(RUARBLE B DR B e v X e f) 35 TR BT A
5 IR DR RS . W HED
KNP FHA SR ThRERI B T, 7T DAAIX SEAE )
W FARE AT, THE AR 1 R IE



FED 202325 $54% H3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3 © 923

AR B B A A R D 28290

B AR E K R R IE R
17 KEGG U 734, KIZE QIR E 2 E
FELEME B ZR AW BOR s B A & R, Horh
ARSI TS hexPS SRS FRFRIL, ACAT.
HMGCS. HMGCR. MVK. MVAK2. MVD. IDI.
FDPS. GGPSI. FNTB. STE24. STEI4. FCLY-.
DHDDS BEA EiRZFRIE A T LIS K] Unigeneo
o hexPS AE iR & ISR, S Sk
LAt G R, DLV A TS = R A o Rt
N, o) B B = R A R A SCPE AR B, =
SEAE ST hexPS BN FRIE AT L, TRES
HEm2TamsER, Wi glHRENH
K, XERBFFAPEE, ZHFEAEFH =S
EIGUESE R —5(BY, ACAT. FNTB. STE24+ STE14-
FCLY. DHDDS FEZ5ui g M & 515Mm, H
KIEREA EA T, (A ERREEERT T
WRIBH, XReS w2 & S B R — L
TR BT ER NS 56K, SHEYE MR H
PR R B — s &, AR L 2 PR H IR
] & L K 2R IA B, HMGCR /& HMGCS 4 %
RIS A C5 85 3 0 A A4 (1) £ s oo 11
DR, R R S R s R AR ) A R R
WY C5 R A R AR A ok B — g B
HMGCS 3R 4523 HMGCR [ 58 1 3
B RIE IS - MVK 1 = Re AR 7 T W IR L A1 54 7%
PR E T WS B “RRML” W IRIEY) 7
T, RJE MVAK2 ¥ 2R BRI, MVD X
1% F R R AT R OB, A RSP 7 s — W R
i1 IDI. FDPS. GGPSI. FNTB “5ff# N4 — R %))
RN AR B =mE R R AR R A A R
(isopentenyl pyrophosphate, IPP) 331, < —if &
DA B e Gt 52 E B A & OB 1R A A%
i RAE R, REA T HRIKEE (mevalonate)
WAREL 2-C-H H-D-JR & BF-4-BE IR (2-C-methl-D-
erythritol-4-phospate) IBFEMFIR AL, A2 Bl Ik FE %
FRB4, IPP P VLI ERER A, BInGIE. &
WA AP RS IR — R SN A Bl =1 2
TR HEEE (cycloartenol) [B33-361, IR it i
HE—RYIMEMN. B, FREEB, &
AR KR ERNEY

KT =i B E A& R E 182 H w2
BikiE, B, ApFFes—20 NS0 E i sl il

FP4E A28 S 5 6T = B AN ARG 1B
CYP. UGT B[ . MANFRI ARG 2t
B RGP IL S 8 A CYP Z R ik b ik
K, 435N acyP. PPID/CYPD. PPIH/CYPH .
CYP264 . CYP5] . CYP844 . CYP6IA .
cypD_E/CYP1024/CYP505; 2 Flt UGT 2 314 4t
FdEA, 43902 HUGT. SUGTI. FLffig 10 A
CYP. UGT MgHE R 7E = 4542 58 1 s i i Ak ]
W, AHIE TN 5 R = B A E AT E,
SHEAFRHEREMETSEHE BT, XATReE
PR R ARG UK S B BEEE ] CYP. UGT
R IB WA BT, Hh CYP844 W I 2K A At
WG RS UK TR BARBS, CYP6IA 3
ML 2 [ B A R e 2,3- PR B A B,
CYP51 - ZLd it 0 [ EE A& e 22 A A AR AR
YIE RS S EAYEBOERERMER 2,3-
WA HUGT T2 55 Py i M 1) 8 1A
T A, X2 CYP. UGT B K ¥ a1 52
RS A BUE IS i R e B ] .

AW FUAE RN 5k B R S AL e A AEE B
Fobr, WKHFEE TERITERMEYFER, 2
BT 25K =02 H WG Ul KO, R
TR TR R S R AR A RO S A B R
CYP. UGT NHFRIERMRE, NIFEIRADT TS
KRB, TR, AKRE. B8Rana
AR AL LA

FBAFR ALY ERARGEAEF G R
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