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Abstract: The production of seeds is a vital part of agricultural development. High-quality seeds are the key to

growing crops that are both high yielding and able to tolerate stress. Even under optimal storage conditions, the
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process of seed aging remains an unavoidable occurrence. Seed viability is affected by the balance between the
production of reactive oxygen species (ROS) and antioxidant capacity, and this balance is affected by oxidative
stress. It is therefore crucial to regulate ROS levels if optimal seed vigor is to be maintained. The Barley B
Recombinant-Basic Pentacysteine (BBR-BPC) transcription factor family is a conserved group of transcription
factors playing crucial roles in plant morphogenesis, organ development, and responses to abiotic stresses. Members
of the BBR-BPC family are known to be involved in regulating the ROS balance in plants, suggesting that they may
play a role in controlling seed viability. Nevertheless, it is uncertain which genes in this family are responsible for
controlling the vitality of alfalfa (Medicago sativa) seeds. In this study, we focused on the BBR-BPC gene family in
the alfalfa cultivar ‘Xinjiang Daye’. Their transcript profiles during the processes of swelling and germination of
seeds with varying viability were determined by transcriptome and RT-qPCR analyses. These analyses highlighted
the BBR-BPC family members potentially involved in the regulation of seed aging. In addition, proteins that
potentially interact with members of the BBR-BPC family were predicted. Sixteen MsBBR-BPC genes were
identified in the alfalfa genome and a phylogenetic analysis grouped them into eight subfamilies. The 16 MsBBR-
BPC genes were distributed unevenly across 13 chromosomes. A collinearity analysis indicated that expansion within
this gene family during evolution has been driven by segmental duplication. Analyses of gene transcript profiles
revealed high transcript levels of MsBBR-BPC10, MsBBR-BPC13, and MsBBR-BPC16 at 24 days of seed aging, 8
days of seed aging, and 12— 24 hours after imbibition, suggesting that these family members participate in the
control of seed viability. A protein-protein interaction network analysis via the STRING database revealed a strong
interaction between MsBBR-BPC16 and MsBBR-BPC11. In addition, MsBBR-BPC16 was predicted to interact
with AGL11, PAT21, ZHD3, and GPL3 proteins. This study pinpointed three MsBBR-BPCs (MsBBR-BPC10,
MsBBR-BPC13, and MsBBR-BPC16) that are involved in seed aging stress and may play a role in controlling seed
viability. More research is required to clarify their roles in the control of seed viability, and to verify the protein
interactions predicted here. The results of this research provide new insights into the molecular regulatory system
governing alfalfa seed aging via BBR-BPC transcription factors, and provide further evidence that the ROS balance
plays a role in maintaining seed viability. These findings have established a research foundation for the functional
validation of candidate proteins, and for the use of their encoding genes in the genetic improvement of alfalfa seed
viability.
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BF, N TAIR %4 2 (https : //www. arabidopsis. org/) F 2k T2 B # B I+ )7 5045 B, LR JF AtBBR-BPC & 1
FFAUAE R LA 75 R R L3 2 % o Bl )5 7 InterPro 045 % (https: //www. ebi. ac. uk/interpro/entry/pfam/ )
T # BBR-BPC 3£ [ 5 % 19 i B /R 7] 2 A58 (Hidden Markov Model, PF06217) , 3 i TBtools™ (2. 130 i A ) 4k
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B
1.10 #EL%HT 5 24

fii JH Excel 2024 3F 47 3 P 3 35 43 M 8086 09 3155, R SPSS 30 B8 X 4 1 47 7 2% 47 # , R ] GraphPad
Prism 10 fl R &% 5 o Heatmap T. R 12 & .

2 ERS5HW
2.1 ¥FEHIE BBR-BPC A B Rk R & & B I 0 3 % & 89 SAC KR 5 #F

i of Blast 1 HMM X8 58 7 58 48 1 45 56 R 5805 A 5 0 18 R 8, S DA st 16 N3 I, DL UL o7
AIBBR-BPC WX N 3¢ & 4 P A% FE K 43 il i 44 MsBBR-BPC 1~MsBBR-BPC16 .

Xt 55 4 1§ MsBBR-BPC %& A g % 25 11 (9 1Ak 1 BT 43 A, 45 R R W], MsBBR-BPC B it % Hi 550 6. 61
(MsBBR-BPC1)~9. 68(MsBBR-BPC9 .MsBBR-BPC10) ,MsBBR-BPC1 1 MsBBR-BPC11 /T 74k, H 4> 5
45 S T 9, 36 W MsBBR-BPC1 #l MsBBR-BPC11 Ny R 4 11, AR /E ] T ol bk g e b (£ 2) .
MsBBR-BPC & H AR X 8/, 43 T i Ry 19788. 53 (MsBBR-BPC1)~37781. 66 Da(MsBBR-BPC3) , & 3£ 12 %t H
1176 (MsBBR-BPC1)~339(MsBBR-BPC3.MsBBR-BPC6 .MsBBR-BPC8) ., MsBBR-BPC # [1 it N #a i 2 %k
Y15 T 40, Ui W] MsBBR-BPC £ 1 Al BB AR A8 o 48 B 7€ 7 i 7R , MsBBR-BPC 45 I ¥ T4 i i v o i
AR E AL KR, 16 DL 3 A 7E 134N Y B4k |, MsBBR-BPC11 . MsBBR-BPC13 . MsBBR-BPC 14 43 4ii 78 4 o &
4.2 I ,MsBBR-BPC4 MsBBR-BPCI12 /3 fifE gk 4. 1 I, AR Y (iR 5% o0 A — A B 1AL
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Table 1 Primers for qRT-PCR analysis

i HE 44 FR ElE 2l R /PN ik T A
No. Gene name Primer sequence (5’ —3") Product size (bp) Melting temperature value (°C)

1 MsBBR-BPC1 F: GATGATGATGTGCTGAATATGC 480 51.9
R: AACACTGCTATCATCCTTCG 51.0

2 MsBBR-BPC2 F: TGGATGATGATGTGCTGAAT 824 50.4
R: CTTGTTGGTGCCATGTCTA 50. 5

3 MsBBR-BPC3 F: GGAAGGCACAAAGCAGAT 963 50. 3
R: CCAATGGTCTTTAAGGTCAAC 50.7

4 MsBBR-BPC4 F: TGGATGATGATGTGCTGAAT 824 50.4
R: CTTGTTGGTGCCATGTCTA 50.5

5 MsBBR-BPC5 F: TGGATGATGATGTGCTGAAT 824 50.4
R: CTTGTTGGTGCCATGTCTA 50.5

6 MsBBR-BPC6 F: GGAAGGCACAAAGCAGAT 963 50.3
R: CCAATGGTCTTTAAGGTCAAC 50.7

7 MsBBR-BPC7 F: TGGATGATGATGTGCTGAAT 824 50.4
R: CTTGTTGGTGCCATGTCTA 50. 5

8 MsBBR-BPCS8 F: GGAAGGCACAAAGCAGAT 963 50. 3
R: CCAATGGTCTTTAAGGTCAAC 50.7

9 MsBBR-BPC9 F: GGATGGAGATAATGGACTTAAC 852 49.9
R: AACTTGTTGGTGCCATGT 49.9

10 MsBBR-BPC10 F: GGATGGAGATAATGGACTTAAC 852 49.9
R: AACTTGTTGGTGCCATGT 49.9

11 MsBBR-BPC11 F: AACGGTAGGCATAAGATGG 557 49.7
R: TTGGTAGGTGTCTGTGATG 49.5

12 MsBBR-BPC12 F: ACGATGACCGCCAATATG 918 50.0
R: AACGATTTGTTCCATGTCTG 50.1

13 MsBBR-BPC13 F: ACGATGACCGCCAATATG 918 50.0
R: AACGATTTGTTCCATGTCTG 50. 1

14 MsBBR-BPC14 F: TGGATGATGATGTGCTGAAT 824 50.4
R: CTTGTTGGTGCCATGTCTA 50.5

15 MsBBR-BPC15 F: CATCAAGTAATTCCTTCTCTCG 859 50.6
R: TTGTTGGTGCCATGTCTAG 50.5

16 MsBBR-BPC16 F: GGATGGAGATAATGGACTTAAC 852 49.9
R: AACTTGTTGGTGCCATGT 49.9

17 MsACTIN F: CAAAAGATGGCAGATGCTGAGGAT 88 59.4
R: CATGACACCAGTATGACGAGGTCG 59.5

2.2 FEKRT

R 28 A6 1 4 R IR R R A L, X S5 9 16 > MsBBR-BPC JE K #E 17 % 0 14 58 1 43 7, % B 16 A PH 43 A
113 Y @ 4K |, MsBBR-BPC11, MsBBR-BPC13, MsBBR-BPC14 4y i #£ Y {4 {k 4.2 I, MsBBR-BPC11,
MsBBR-BPC 13 %& [ 78 4 o b 5 3/INE BBl #0R 43 A , MsBBR-BPC4 . MsBBR-BPC 12 3 fi fE Y (it 4.1 |, HiAy
Ye ik 2 A — A FE N (K1) . Hid MsBBR-BPC9 MsBBR-BPC10 MsBBR-BPC16 i F Y (1A F& 35 3 [N 2
BAR A X3, T MsBBR-BPC 1A T Y 0,4 2 30 5 %% 52 0 w8 1 X 88 ; HoAth 12 4> MsBBR-BPC $& PR 35 F e (o 14



140 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 7

&2 MsBBR-BPCEEHRBEFBENLERSN
Table 2 Physicochemical characterization of protein encoded by the MsBBR-BPC gene

H N N IDS P O3 F I e drdigs| P40 i 5 ir R FAL e o (A e ir
Gene Gene ID Isoelectric Molecular Amino acids Subcellular Instability Chromosomal
point weight (Da) numbers localization index localization
MsBBR-BPC1 MS. gene36731 6.61 19788. 53 176 4l i 4% Nucleus 44.19 Yefafk 8.2 Chr8. 2
MsBBR-BPC2 MS. gene023254 9.66 30878. 44 280 40 Jfg #% Nucleus 42.74 Yeif 4.3 Chrd. 3
MsBBR-BPC3 MS. gene63981 9.26 37781. 66 339 41l i 4% Nucleus 55. 67 Yefafik 1.4 Chrl. 4
MsBBR-BPC4 MS. gene08364 9.66 30861. 46 280 i il #% Nucleus 45.33 Jeftfk4. 1 Chrd. 1
MsBBR-BPC5 MS. gene34978 9.66 30888. 48 280 41l i % Nucleus 43.36 Yetafk 4.4 Chrd. 4
MsBBR-BPC6 MS. gene24195 9.26 37779. 68 339 41l i 4% Nucleus 55.36 JefrfR 1.1 Chrl. 1
MsBBR-BPC7 MS. gene31269 9.62 30866. 43 280 0 Jfa % Nucleus 44.85 Yetifk 2.4 Chr2. 4
MsBBR-BPCS8 MS. gene64186 9.26 37765. 66 339 4l i #% Nucleus 55.11 Pt fk 1. 3Chrl. 3
MsBBR-BPCY MS. gene041646 9.68 32142. 97 289 0 Jfa % Nucleus 53.71 etk 6.3 Chr6. 3
MsBBR-BPC10  MS. gene27413 9.68 32124.93 289 4} #% Nucleus 53.97 Jefifk 6.2 Chr6. 2
MsBBR-BPCI1 ~ MS. gene030483 6.71 22261. 95 195 0 Jfa % Nucleus 43.49 Yetifk 4.2 Chrd. 2
MsBBR-BPCI12 ~ MS. gene79458 9.36 35360. 99 312 4 U 4% Nucleus 52.11 Yemfk4. 1 Chrd. 1
MsBBR-BPC13 ~ MS. gene030481 9.36 35373. 04 312 0 Jfa % Nucleus 51.83 Yetifk 4.2 Chrd. 2
MsBBR-BPC14 ~ MS. gene028203 9.58 30908. 43 280 48 Jfu #% Nucleus 46. 14 Jeifk 4.2 Chrd. 2
MsBBR-BPCI15  MS. gene028699 9.60 32650. 41 295 1 Jfa % Nucleus 45.92 Jetifk 2.1 Chr2. 1
MsBBR-BPC16  MS. gene000299 9.63 31986. 78 288 40 Jfg #% Nucleus 53. 86 Yetifh 6.4 Chré. 4

S P ik D] A 1 DXl o (RS U R L SR AR A R Dy B % ] A A 9 0 i TR B O OR AE T AT 41 T
4 ) 5 % A bl e B 3 AR R TR Sy IV 5 R 20 A 43 Ak ok A v i i B TR R R 0 E W R L R e e iR R
AT Rl A S S RRE IR 5 o ) A e
2.3 AREZRMESH

A= 38t 52 A v B 7 R A R R SR I R T Ik PR A o PR R R R 1 s, LR s e T R
A HEfl, F TR 2R . R BBR-BPC K& [H G2 3% #E 47 R ] AR Py SR 28 M 4387, & 3 MsBBR-BPC %
K ) IZ AR i BrE &, 78 Chrl .Chr2 Chrd (Chr6 iy 34 4 0k Py A B DR A2 il 44, E AR R A & h Bl R
KRB E A (] 2) . X R W FE N F B &2 AR 0] fiE7E MsBBR-BPC 3 [N 5 b K 45 % BRI .

it — T i BBR-BPC 5K AL Z AW A R B HEAL G 3R M T 5808 B 18 S8 3 B A8 B g Ot L K LA
IKAE R Rh B I 2P 3 A . SRR AL E R S A 12 X0 SR 2 BE X, 5846 A b iy e 2k KL IR 43 A 7
104 e ok b M AE BB B b IR R BRI r AR 76 3 AR e (IR |3 5 KT 20 X L2 J R X, 76 28 76 1 4 v i It
RILH A TE 9 e R b FE R G IR SE P A A #E 5 AR Y AR 15 SRR IT A 10X 22k S, 2 SR 43
i TERACE 15 6 A Ye A T AE SRS JF vh AT 3 4% KRR LRt R 4 X (181 3) . X RIIERIEH G S H
T R R I e S AR P e R Y R DR B A A AR B
2.4 RGAEH M

N T f# BBR-BPC RN X R H A R L RGE KT LB It 5 546 5 1 08 07 50 i # ML & 48 #E1k
o ¥ 7 AR ST ABPC 15 16 4~ MsBBR-BPC 2 4 R 8 W, o Wi T W HE 1T % VT 4 35 11
MsBBR-BPC il A 8 £, e ob , W% 1T 0 J5 VAL 45 B AR A 0L s o 4 11 2 % 1T 4% AtBPC1 AtBPC3; T
%V AL AtBPC4 fl AtBPCS., HERG KB LAZP , Wik T & 7% M, 4 5 MsBBR-BPC1.MsBBR-
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M5 0 MsBBR-BPC6 VsBBR-BPCS MBBIEEEGS
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Fig. 2 Analysis of collinearity of MsBBR-BPC genes in alfalfa
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A A= P 30 5 R B Ry 5 AR S AR AR . R T 2P T R LSRR AR S R A SR Al A AT R D T A TR
Folt 78 W ik 1 % 2k B vp 9 R B 2, O MsBBR-BPC 3 PRUAE 38 /6 R FlF36 S R s E AR e R . 5
HoAth 3L K AH 1, MsBBR-BPC10 MsBBR-BPC13 MsBBR-BPC16 5:F1E b Fh g K F ik /7218 d 5,
W fk 12 h i}, MsBBR-BPC6 ,MsBBR-BPC15 ,MsBBR-BPC16 % [H ) & 15 K F F i 5 76 4k B 7 W ik 24 h i),
MsBBR-BPC12 ,MsBBR-BPC13 % A 5 ) = & ik K °F o MR85 & 1 B AE W 4 7 81 , MsBBR-BPC13, MsBBR-
BPC16 & 1 Al BEAF 75 W 15 38 AH Y ROS - S AE Y A K& B M Yiie , X RUTENER 7 2l b R BB
P 42 o

BBR-BPC 5 PR 5% % 78 fie P AE 400 ST rh el 3 40 R X T R AL (9 F 8 L B IR o SR AH DGR A B
1& Bl 15 1 0 2 22 S E LT 5 B — 20 B . PR, SRR XN MsBBR-BPC i [H 1) i#f — 20 i 98 A w0 22
MsBBR-BPC10 MsBBR-BPC13 .MsBBR-BPC16 3 7] 6 2 5 546 & 16 Fh 7 & A0 S 0% T3 45 o 30 ik 75 S
MsBBR-BPC 5 K () B AR D) e A B T3k — 20 7 @ S840 B 4 B 115 1 00 40 F IR EPLH e e B i fh &
b4 HEBIF 58 Bl

4 it

AR FE N R " SR A A R ) % E ) 16 4 MsBBR-BPC 3 R e i 8 13 4 ik b Rk

Y EE A IK S F . MsBBR-BPC 3 F % W 08 s 7 X & A S 506w i 4n a2k AR A
B R DL S B R AR O 0y 0 =X AE ook o dl i R SR AL i, 42 i B MsBBR-BPC 10, MsBBR-BPC13 Fl
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MsBBR-BPC 16 3 X i i F 2 Ak DL K W 42 2 5 B0 116 J1 85 (19 MsBBR-BPC 3K [R] B 28 8 (1 T 1) 2% & 80
MsBBR-BPC16 & 15 AGL11,PAT21.ZHD3 fl GPL3 & 11 f£ 1£ — & W 78 5. /E % & , MsBBR-BPC16 5
MsBBR-BPC11 A 405 A HAEH o AWFFEN R E T th RGUEE T MsBBR-BPC KL % 42 48 3] 34> i [if
T4k &S 570 PR MsBBR-BPC $& B {2 30 75 3F — 25 19 WF 58 f i) B 98 45 F0 73% 01 10 80 V) i
1, B8 F 2Z )Y AR OG R A [RDRE 75 2 A0 G 56 1017 30 E .
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