H34% 11 LA = O 1 195—204
Vol. 34,No. 11 ACTA PRATACULTURAE SINICA 2025 4F 11

DOI:10. 11686/cyxb2024506 http : //cyxb. magtech. com. cn
NPT, XUSEER, ORI, A5 . B8 BT 2 2R R RS040 48 Ak 2R G X S A A 22 BRI 23 7 IR L AIF S . Rl 274, 2025, 34(11) : 195—204.
SUN Shou-jiang, LIU Hao-zhen, XU Shu-han, ez a/. Germination characteristics and antioxidant responses of alfalfa seeds to aging treatment. Acta

Prataculturae Sinica, 2025, 34(11): 195—204.

BEEMFEAFSHENMALREHNELERES
XF 22 4L 1) A 3B 30 53 F I Rz 7F 3%

CTER MO 5 T 2% B, 77 & 4RI 750021)

FEE N HEIE A E 4 R T R ZE R R RIS AL AR G 2R B AR DA R AR AL G 3 R KR T 2 Ak B )
WA, DL AR S AE B A R T MORE BT T AL AR S BT R 2R R T R R AR B AT T M A A
B, IR T T I AL R GEAH G R IR A A5 (b o 45 SRR, 2 AL AL R CUI G T A8 B ik R R
() N 452 3555 W) b 1 KR 4 0 IR AR R BN R A BN . A B E R I T M AL (ROS) AR
W, B AR & B A AU (HLO,) & BT & i S Ak W i (POD) #0283 b H 038 B i (GR) ¥ 1 i 35 (P<<
0. 05) BEAR , BUIR IR (AsA) A B H K (GSH) % 5 i 35 (P<<0. O1) B AR o e Sl Pk il 1 M AT S Ab 40 2 St PR AR
il b T B S AL BE T B AR . e A, 2 Ak Ak Bt 3 (P<T0. 05) Il T B4 Mk R4 MsCAT1 .MsPODI12 MsDHAR .
MsGR 1 .MsFe-SOD #l MsMn-SOD 13235 . 3 08 04 BRI SE B 3R B0 A0, BT R AL R 42 R 31— 2 ¢
1 i 3 BE R, Ry TR AR 5 o 2 Ak 1) 43 R s L B AL T R PR R R, o Ay — A5 T R sk e o T PR A 4 o
TG TR TR R 28 T Sk
SRR SEAE ETE R AR W R R PR AL B s 4 R

Germination characteristics and antioxidant responses of alfalfa seeds to aging
treatment
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Abstract: The aims of this study were to investigate the germination characteristics of aged alfalfa (Medicago sativa)
seeds, the physiological changes in their antioxidant system during the early stage of germination, and the responses
of antioxidant-related genes to seed aging. We observed seed germination characteristics and determined antioxidant
enzyme activities and antioxidant contents during the early stage of germination following an aging treatment, and
analyzed the transcript profiles of genes related to the antioxidant system. The results show that an aging treatment
not only inhibited the germination of alfalfa seeds, but also significantly affected seedling growth after germination,
leading to smaller seedlings. The aging treatment also severely impacted the metabolism of reactive oxygen species,

resulting in increased H,O, levels during early germination of aged seeds, a significant decrease in the activities of the

Wk H 12 2024-12-25; 8 8] H 4+ 2025-02-19
AW A TH ARBI AR S (2025A1211) % B .
TEZ A AVSFIL(1990— ), 5 Holi 5t 28 A, fi-t . E-mail: shoujiangsun@nxu. edu. cn

* il {F/E# Corresponding author. E-mail: shoujiangsun@nxu. edu. cn



196 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 11

antioxidant enzymes peroxidase and glutathione reductase, and a marked reduction in the contents of the antioxidants
ascorbic acid and glutathione. The decrease in antioxidant enzyme activity and antioxidant content reduced the seeds’
antioxidant capacity. Additionally, the aging treatment led to significantly lower transcript levels of MsCATI,
MsPOD12, MsDHAR, MsGRI1, MsEFe-SOD, and MsMn-SOD, which encode important enzymes in the
antioxidant system. On the basis of analyses of antioxidant physiology and gene transcript profiles, several key
candidate genes in the antioxidant system were identified. These genes will be important targets for further research
on the molecular regulation of seed aging. The results of this study lay the foundation for further studies on the
precise pathways through which these candidate genes regulate seed vigor.
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it 340 nm NADH %46 ok M 72 , APX 36 M3 i AsA T FE 51 1Y 290 nm WO BE N BRI E , DHAR I 38 i 265
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L1
1.6 ZIES I Fo 0 H7

fifi Fl SPSS Statistics 22. 0 #4748 143 M7, 5K 5 22 43 Al Duncan K 50 35 # a2 AL AL B Z R (0 0 3% 22 5 fif
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BT ] LUE A A BRI ] 1 1 Al i R R TR B T R S A R A K,
A Ak B A 7 o R 2 3 N B BT 19 95 %6 B 2 7006, Bl ST 45 R 4R I TR A R 3 (P<<0. 05) SE K 3 d, P E A T
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Tt FE (P<<0.05)m T CKAF. &F+ i & B SOD.CAT . APX . DHAR F1 MDHAR ¥ £ & & (P<<
0.05)# F CKF -+, H i CAT . APX . DHAR 1 MDHAR i P 8% i % (P<<0. 01 5% P<<0. 001) F+# . 5 CKAM L,
AL HE TE Rl 7 i & B POD AT GR TR PR AR W 3 (P<<0. 01 8 P<<0. 001) B .
2.3 AN EENHTRALSEZTH TR

AsA FI GSH 7EF ¥ & RN A/ R |2, A ME Dy EZ BT E ALY B2 5 08 45 Fh 0 4 72 v iy Ak

W RN AR T AL AR AE R R T . ME 3T, 5 CKA L, 40 & 78 Fh 70 & 710 AsA fl GSH &
% (P<<0.05)F& k. DHA A1 GSSG 43 & AsA Fil GSH 78 T &4k I 1 rh 2 25— ANl 7 R B R Ak 7= 4
L8 8 00 e IR e — 8 2 b o B S i it s 4 g i B S8 AR BE ) o 5 CKAR L, DHA M GSSG & &2 7E &4k B 16 F 1
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#£1 RT-PCRAWSIHER
Table 1 Primers for qRT-PCR analysis

9= HE R 44 B Rl RN IR
No. Gene name Primer sequence (5’ —3") Product size (bp) Melting temperature (°C)

1 MsCATI F: ACAGGGATGAGGAGGTGAACTAC 130 63.6
R: CGCTGGATGAAACGGTCTTGC 63.3

2 MsPOD12 F: CCCAAGGCAGAGTCCATCGTG 102 60. 0
R: CCGTCCAGGAGCACTGAAGC 59.8

3 MsAPX F: AAGGACTATGCTGAATCACACAAG 111 56.9
R: CAACTGCTACGCCGACTGC 58.5

4 MsDHAR F: AAGACCAAGCCAGCCAAGGAG 96 60. 2
R: AAGGACAGGACAGAACACAGACG 60.9

5 MsCu/Zn-SOD F: ACCGCCGTGACAGGAAGC 85 60.7
R: GCAACACCATCCGCTCCAG 60.5

6 MsFe-SOD F: AGAAGCACCACGCCACCTAC 112 59.1
R: CGCCGCCGTTGAACTTGATG 59.8

7 MsMn-SOD F: GCTGATGTGCTTGAATCCTTGAAC 147 59.7
R: GTGCTTGTGCTGGTGAACTCC 59.0

8 MsGR1 F: AGAACAGCATATCCAAACGACAG 133 60.0
R: CAGCCTTGAGTGCGACAGC 59.7

9 MsAOX1e F: GCTGGAGGAGGCGGAGAAC 96 58.4
R: TCGGTGTAGGAGTGGATGGC 56.5

10 MsNACG67 F: TGCCAAGCCTGCCCTGATATG 142 58.8
R: ATTATTGTTGCCCACCTCGTTTCC 59.7

11 MsNACT74 F: CCGCCTTGCCGACACCTC 101 58.6
R: TCTTCTCCCATTCGTTCTTCTTGC 59.9

12 MsNACS83 F: CGGAAGGCTGGGTGCTCTG 124 60. 3
R: TCGTGGACGGGATCTTCTTGG 60. 1

13 MsACTIN F: CAAAAGATGGCAGATGCTGAGGAT 88 59.4
R: CATGACACCAGTATGACGAGGTCG 59.5

2.4 ERHAENEEFFREMZAERROSKMAMLLRAER LT H A

N2 NG K48 7R 2 A TE Bl e R RS i SRR A B T S AR AL B S A AL R
ROS R 35 AH G J PR 32 3 o 09 532 M, % 308 P 4800 B RIAR S A DG JE IR A R R b kAT T E . MWL Arh el LR, 5
CKAH L, Z AL Fh 7 8 & B MsCATI . MsPODI12 il MsDHAR % ik 12 . 2% (P<<0. 05) & A% s MsCu/ Zn-SOD ,
MsFe-SOD Fl MsMn-SOD 3R ik fe 78 2 AL Fl 5 CKAH LU ¥ T B, H MsFe-SOD 1 MsMn-SOD T [ i 3 (P<<
0.05) . MsGRI Fik i 7EE AR T bl i 3 (P<<0.05) F . AOXIc /& —Fp i 9 v 77 78 (9 BT IR 1l 1R 481k i
(ascorbate oxidase, AO)FEF AR, UK ML IR A AL B — DT ZE ARG, 17 5o 1k AsA B9 R AL N, BEE AsA %
A=Y DHA . AR K, MsAOX Ic ik & 76 AR 7 8 & F 01 8 2% (P<<0. 05) 7+ i o« NAC # 5 H -+
(NAC transcription factors) JEAHY th — N EE W SRR TXE, ) 22 5HMYNAERK T N3 N 5 2 F A 21
R AR CMRE A NACE7 NAC74 1 NAC83 2 5 R 116 S 45, o b 17 H A B AL Fh 7 8 & 0 30k
AL, WNE4ARTLIEH, 5 CKM ., MsNAC67 . MsNAC74 F1 MsNAC83 3¢ ik & 1 Z AL Fl 7 1 B 3% (P<
0.05)F s, E AL AL P kS T H R
2.5 ENMEEMHTFHATLHRANARAL AR ML

B R HAE
MR B AT T & e BT SE AR TS A A AR

B & i&
AR AR LA A R SR ROS AU S I i 3Rk

NS
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Fig. 1 Changes in germination related indicators of aged alfalfa seeds
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Fig. 2 Changes in antioxidant enzyme activities during the early germination stage of aged alfalfa seeds

sk, P<0.01; **%, P<C0.001. F[A] The same below.
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Fig.3 Changes in antioxidant content during the early germination stage of aged alfalfa seeds
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LS Mscari LSr mspopi2 LS Msarx LSr MsDHAR
Lof =L 1.0+ 1.0 —L 1.0F =5
*
0.5F 0.5F 0.5 0.5
*
: —
>
2
= 0 1 0 1 0 1 0 1
% 13 Mscu/zn-soD LS MsFe-sop LS Msmn-sop LS MsGri
o
=
5 1.Of =t 1.0 g 1.0 g 1.0 =L
E s
= *
0.5k 0.5F * 0.5F 0.5¢
il
B
ﬁ-wf» 0 L 0 " 0 L 0 .
m 2.5 2.5F 2.5 2.5
B~ MsAOXIc ’ MSNAC67* ’ MSNAC74>‘< ’ MsNAC83
20F x 2.0 2.0F 2.0F X
1.5F 1.5F 1.5F 1.5F
1.0 —= 1.0 —T— 10} 1.0 —=
0.5F 0.5F 05F 0.5F
0 L 0 ! 0 L 0 L
CK Aged CK Aged CK Aged CK Aged
AP Treatment

B4 ZHUEEHFREXREMROSRFEXEEREIENTNH

Fig. 4 Changes in the expression levels of genes related to the antioxidant system and ROS metabolism of aged alfalfa seeds
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Fig. 5 Schematic diagram of the response of the antioxidant system in alfalfa seeds to ageing treatments

H,0,: i3 %k & Hydrogen peroxide; O,  : # % B % T Superoxide anion; SOD: # 41k #) I L Superoxide dismutase; CAT : i3 % fk & Catalase;
POD: i3 %A b Wy ii Peroxidase; APX: Hidk M B2 it 401k ¥ il Ascorbate peroxidase; GR: 4 bt H ik iU Glutathione reductase; DHAR: 25 & Bt K 1M
fi if J5 fiff Dehydroascorbate reductase; MDHAR : # [l & 470 3R Ifil 2 i )5 Bif Monodehydroascorbate reductase; AsA: HUIR LR Ascorbic acid; DHA : 2
A PR LR Dehydroascorbic acid; GSH: £ Bt H K Glutathione; GSSG: & 1 4+ Bt H BK Glutathione oxidized; NADPH : i J5i B 4 i [ Reduced
nicotinamide adenine dinucleotide phosphate; MDHA : 5.} S T 3K 1L iR Monodehydroascorbic acid; NADPH « 48 J5% 1 4K Pt iz fif 122 04 — 4% 45 iR Reduced

nicotinamide adenine dinucleotide phosphate.
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