Ho55% HEIM B RMBHE R Z 2| A RFHE O Vol. 55 No. 3
2027 4F 3 H Journal of Northwest A&F University(Nat. Sci. Ed.) Mar. 2027

1% 2% 4 R A] - 2026-09-10  DOIT:10. 13207/]. jnwafu. 2027. 03. 016

RERRARIMIMGRBEDGAR/EZELR
ERRIET

REALHELFHELEWLL TR AR,
FEAE BB, R
(1 FERSF BB, 7 5 I 75002152 MR P8I AL E 7 4 [ S S0 %, 7 ) 48 )11 750021

[ E] [HMY ARSI AR R S A7 5 0 A 05 41 20 22 7 8 1 i 2 MR AL L 48 7 L 5 A 3 2R 43 Ak B i 1k
B 536 B G 43 IR P DL, S 6 2 1 8 R P46 R 2R PR A B0 M A v A LR I B A 4l . K 3] RAghn (&)
ZERUT RS R SR A S A A5 418U AT T DIA-Ultra 52 8 8 15041244 T, 0 2k 22 53 338 R (A E AT Dh e i B s AL
RT-qPCR M Western blot 8 AR 5 iF 2 1157 21 24 25 8L 5 45 5 A 302 40 WA D G S A ol A8 i v 1k e W o it o (85 2R
TR Th R R A 05 AL AU L A AR R RORE A 4 RN &)y 20k IR A 45 A U R LR S 2R A . B T A AR
SEF] 1 603422 5+ R IXHE T (DEPs) , 4 Mk J55 T FR il ke 5 A5 2L ZUR 1, 36 5052 3 997 A DEPs, 4 25k I 5 T iR
KR A H LM, L EH] 716 7~ DEPs. GO 5 KEGG w4 R XM, 2R R BEASNEMH KN REEY A
I TE A RN R AR SR R AT S R AR B DDA G . TR R OR VR A AL 20U e A S R R R A A D
CHO Wb 25 F W, 10 28 B B ) 5 e Qs A S 26 (3 () 1A, TR PO IR TAA I ABA & i T R (5 S e A o %
ik B9 . RT-qPCR Hl Western blot B iiE 45 5 5 85 01 B4 5080 & B — 25, U458 ] TR R4l ke 5 A 0 4 4 3 DG &
VERI S R BT 3 A A U00E B 2 4 AR 3R B SR A A SO R A S S W T A R TR E 2R R 4 1
Wt

[REiR] B MR AL BUE S 2 R RIKEN

[RESES] Q943.1 [XEitrEm] A [XEHS] 1671-9387(2027)03-0156-14

Differential protein expression of calli from different explants of
Astragalus membranaceus

Liang Wangli',Sun Wen', Li Jingjing', Gao Lifan', Yan Ziyi',Zhou Ting',
Wang Lingxia'?, Yang Shujuan', Liang Wenyu'*
(1 School of Life Sciences , Ningzia Untversity, Yinchuan ,Ningxia 750021, China;
2 State Key Laboratory of Efficient Production of Forest Resources, Yinchuan , Ningzxia 750021, China)

Abstract: [Objective] This study aims to investigate the differential protein expression patterns in calli in-
duced from different explants of Astragalus membranaceus (Fisch. ) Bge. ,and to elucidate the molecular regula-
tory mechanisms associated with adventitious shoot differentiation and bioactive compound biosynthesis,
thereby providing a theoretical basis for optimizing the in vitro regeneration system of A. membranaceus and

achieving efficient biosynthesis of its bioactive constituents. [Method] Calli induced from young leaves, young
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stems, and hypocotyls were subjected to DIA-Ultra quantitative proteomic profiling to screen differentially ex-
pressed proteins for functional annotation. The proteomic data were validated using RT-qPCR and Western blot-
ting. Additionally, physiological assays were conducted to measure the enzymatic activities of core metabolic
pathways and the contents of relevant metabolites. [Result] Calli derived from hypocotyls exhibited a multi-
lobed, clustered morphology and were capable of adventitious bud induction, whereas no adventitious bud differ-
entiation was observed in calli derived from young leaves or young stems. Proteomic analysis identified a total of
1 603 differentially expressed proteins (DEPs). Specifically, 997 DEPs were found between leaf-derived and hy-
pocotyl-derived callus, and 716 DEPs were detected between stem-derived and hypocotyl-derived callus. GO
and KEGG enrichment analyses revealed that these DEPs were closely associated with pathways including pho-
tosynthesis, phenylpropanoid biosynthesis, starch and sucrose metabolism, and plant hormone signal transduc-
tion. In hypocotyl-derived calli, proteins and enzymes involved in photosynthesis and lignin biosynthesis were
significantly downregulated, whereas those related to flavonoid biosynthesis and sucrose metabolism were up-
regulated. Additionally, endogenous contents of TAA and ABA increased, and key components of hormone sig-
naling pathways showed increased expression. The results of RT-qPCR and Western blotting validation were
highly consistent with the proteomic data. [Conclusion] Hypocotyl derived calli establish a metabolic and mo-
lecular microenvironment conducive to adventitious bud differentiation by inhibiting photosynthesis and lignin

synthesis, activating flavonoid accumulation, and enhancing sucrose metabolism and hormone signal transduc-

tion.

Key words: Astragalus membranaceus ; explant; callus induction ;differentially expressed proteins
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Table 1  Gene primer sequences for RT-qPCR

L £ Bk EL/EA I 5 (5 >3")
Gene name Primer name Primer sequence (5>3")
e Actin-F ACCTTCAATGTTCCCGCTATG
can Actin-R CAAAGCGTAACCCTCGTAGAT
L2 4CL2F ACCCGCCAATCCTCTCTCTC
- 4CL2R TGGTTGATCGGTAGGTGATT
CADI CADIF CAAAAAAGCTGTTAGCTGATAC
CADIR GCAACGTTGATTCAAATATCAA
Pb PsaD-F GCTTCTGTCTTTTCCTCTCCAG
va PsaD-R CCTCCACACTTCATCACATTGC
— TMKI1-F GCTTCTTTGGTGCCTCCACAT
TMKI1-R CAGTTGGACATATTTGCTGAATTC
SUSS SUS5F GCTTCTTTGGTGCCTCCACAT
SUS5R CAGTTGGACATATTTGCTGAATTC
NV INV-F GCTTCTACCTCAAGTTCAGCTTTG
: INV-R CATTGTAAATGATTTCTATGTTAAATAAG
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A. Calli induced from young leaves;B. Calli induced from young
stems; C. Calli induced from hypocotyls;D. Adventitious buds
differentiated from hypocotyl-derived calli.

P JEE R [R] A A5 5 B 1 4 0 B AN 2
Fig.1 Calli and adventitious buds induced from different

explants of A. membranaceus
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AT. Calli induced from young leaves; BT. Calli induced from young
stems; CT. Calli induced from hypocotyls. The same below.
P2 JEE N FEN TR A M S 1 1 4L 21
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Fig.2 PCA of proteomic data from calli induced by different

explants of A. membranace
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A. Venn diagram of DEP counts; B. Bar graph of DEP counts.
P 3 R B AN [m] S A Ok T A s 4H 2102 S 3K B 143 T

Fig. 3 Differentially expressed proteins in calli induced from different explants of A. membranaceus
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SIE WA A 45 41 20 DEPs AYGE 7 T4 A S
GG, Wz o3 A T T AL s W) Iz e A A
UL 235 ) 24 5 AF G 1Y) 200 g v, s Bt i O [ A0 R A i
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211 BE Cell wall (19, 1.37%)
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fu 4 X Extracellular region (31, 2.24%)
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B 2 %: 1 Mitochondrion (104, 7.5%)
14~ Nucleolus (11, 0.79%)

. i A Y 4K Peroxisome (22, 1.59%)
% # /& Ribosome (57, 4.11%)

M 23 vacuole (21, 1.52%)

A.DEPs ZUCRIET s B. 40 2 753 BT o
A. Hierarchical clustering of DEPs; B. Subcellular localization of DEPs.

B4 JBFEHT A ] SN 1A Sk 5 0 4 21 DEPs )2 V% 38 2RI 40 it 2 7 43 7

Fig.4 Hierarchical clustering and subcellular localization of DEPs in calli induced from different explants of A. membranaceus
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Fig.6 KEGG enrichment of DEPs in calli induced from different explants of A. membranaceus
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Table 2 DEPs in key metabolic pathways of calli induced from different explants of A. membranaceus
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Fig. 7 Relative expression levels of DEP-related genes in calli induced from different explants of A. membranaceus
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Fig.9 Enzyme activities and metabolite contents in calli induced from different explants of A. membranaceus
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