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Transcriptome Analysis of Embryonic and Non-embryonic

Callus of Peanut
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LAN Gang', PAN Zhuanxia', HOU Baoguo', LYU Beibei', LI Pengbo!
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Abstract: Peanut (4rachis hypogaea L.) is the fourth largest oil crop in the world. Tissue culture is an important procedure in
genetic transformation of peanut. However, the differentiation of peanut callus is restricted by genotype. In this study, Luohua 22, a
cultivar with strong callus differentiation ability, was screened from 9 germplasm resources through establishing a peanut genetic
transformation system. Transcription sequencing analyses were carried out using T1 callus (embryogenic callus prone to differentiate
into seedlings), T2 callus (non-embryogenic callus difficult to differentiate into seedlings) during the differentiation process of Luohua
22, and callus at 0 day of differentiation was set as control (CK). Compared with CK, there were 1792 and 868 differentially expressed
genes (DEGs) in T1 and T2 types of callus, respectively. The GO functional enrichment analysis showed that the DEGs in T1 type of
callus were mainly enriched in the pathways of meristematic organization and stem cell population maintenance, while those in T2
type of callus were mainly enriched in the pathways of phenylpropane biosynthesis and metabolic pathway. Protein family analysis

showed that DEGs in T1 and T2 type callus contained 2459 TFs, among which the cytochrome P450 family was significantly enriched.
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By Protein-protein interaction network (PPI) analysis, five key genes, i.e., AhAE3ZZG, AhP17MI1H, AhA6R79F, AhZFZ3ZQ and
AhHMN99B, were mined, which might play important roles in promoting peanut callus differentiation. The results of this study would
provide a scientific basis for furhter exploring the key genes affecting the differentiation process of peanut cotyledon node callus, and

the subsequent analysis of the molecular mechanism of peanut callus differentiation to form regenerated plants.
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Table 1 Primers used for qRT-PCR



2 IERSIMFS (5—3%) RESIHIFG (5—3) KR C
Genes Forward primers (5°—3’) Reverse primers (5’—3") Tm
AhAE3ZZG AGAGAGCTGAGAGCCGCA AGCGAGTCCAAAAAGGCCA 59.5
AhPI7TMIH CACATTGGTCAGGCCGGT CGGTGTGGTCACTTGGCA 59.0
AhAG6R79F GGCGATGTTGTGCCGAAA CGCAAGATCACCTCCCGG 59.5
AhRHMNY99B TTCATGCAGGGATGCGCA CCACGCCATCTGGGATCC 59.4
AhZFZ3ZQ AGCGTGCATTCGTCCACT TGGCCGCTTTCTTCGTCT 59.2
AhRFN3HAQ TTCAGCGCATGGAGTCCC GGTCCTCTGCTTGCGGAT 58.2
AhXL9HTS CTGTGCTTTGTGATGCTGAGG AGGTGTCCTGGAGCTAGCA 58.5
p-Actin CAGGATTTGCCGGTGATGATG TCTGTTGGCCTTCGGGTTGAG 60.3
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Table 2 Performance of different peanut varieties in healing differentiation.

Callus seedling formation rate

7%177 HL T ?(%

PR ERE(%)

Rooting rate of regenerated seedlings

P2 FR AL LE (%)
Name of accession Callus differentiation rate
B 225 36.07+7.17a

1%E 6313 27.56+11.01ab
Uit 8 5 25.18+3.67abc
B 174 20.49+4.64bc

EfE 18 5 19.45+1.99bc
B85 13.41+3.79bc

155 6808 12.37+14.58bc

maJR P17-12 11.94+9.91bc
T 10 5

H¥b 1016 (CK)

11.88+8.68¢c
18.91+1.66bc

7.24+1.72a
1.91+1.5bc
4.16+1.65b
1.60+0.69bc
3.5141.99bc
3.14+1.71bc
0.46+0.65¢
2.06+0.58bc
1.26+0.5bc
2.67+0.54bc

69.03+2.36ab
67.41£13.46ab
70.00+4.71ab
81.2740.88a
71.04+3.24ab
65.80+3.50ab
67.18+13.14ab
73.38+7.35ab
61.31+4.21b
69.45+3.93ab
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Different lowercase letters indicate significant differences in differentiation, seedling formation and rooting among different peanut varieties at
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Peanut cotyledonary nodes in MS medium to induce callus differentiation; A: Callus at 0 day of differentiation (CK);
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Fig. 1 Types of cotyledonary node callus differentiation in Luohua 22
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Table 3 Transcriptome Data Quality Statistics

TP JR 45 A A R GC & (%) S HXT (%)
Sample Raw reads Valid reads GC content Total mapping
T1-1 29389577 29190445 44 97.29
T1-2 28017876 27827331 44 98.00
T2-1 29060897 28879882 43 96.34
T2-2 26587489 26414541 44 97.54
CK-1 26023778 25855092 44 96.80
CK-2 22216695 22061840 44 97.46

TI-1. T1-2 K T1 M@ 2 MEY¥ESE; T2-1. T2-2 K T2 @ 2 MEY¥ER; CK-1. CK2 REH od BHK 2 MEDEEL



T1-1, T1-2 represent 2 biological replicates of T1-type callus; T2-1, T2-2 represent 2 biological replicates of T2-type callus; CK-1, CK-2 represent 2 biological

replicates of callus at 0 days of differentiation

A B 097 | 072
T or | Ore | 088 ) 01 ) 058
O |
100 I
0.68 | 0.82 | 0.88 | 0.86
|
0.88 | 0.80 | 0.77
50 : T2_1 Q O . .
§ Q Sample
g | O 11 0.88 | 0.85
= | o T2.2 QQQ
g . [ 0O cK
_____ TTT@® T T T 0.96
| CK_1 -
O
|
|
-50 CK_2
é) |
I Dot b ¥ o
-50 0 50 100 150 N/ N/ 7 /
PC1 (39.1%) < A A A S o

AERRG T (PCA) 5 BeJk K 23k 7347 1 73 B &
A: Principal Component Analysis (PCA) ; B: Dispersion heat map of gene expression distribution

2 HFARYIEERE D

Fig. 2 Correlation analysis of sample data
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Fig. 3 Statistics on the number of differentially expressed genes for different callus differentiation
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Fig. 4 GO pathway annotation and enrichment of differential genes
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Table 4 DEGs related to meristem maintenance and stem cell totipotency
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Genes ID Up/down Genes name Annotation
Ah679072 Up SOC1 MADS-box protein
AhH2N64Y Up SOC1 MADS-box protein
AhXL9HTS Up SOC1 MADS-box protein
AhP3T58Z Up SOC1 MADS-box protein
Ah679072 Up SOC1 MADS-box protein
AhXL9HTS Up SOC1 MADS-box protein
AhP3T58Z Up SOC1 MADS-box protein
AhH2N64Y Up SOC1 MADS-box protein
AhN9UN2I Up AP2 Floral homeotic protein APETALA
AhFN3HAQ Up KNOXI1,KNOX2 homeobox protein
AhAIHLZR Up ARF3 Auxin response factors (ARFs)
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Table 5 DEGs associated with callus formation

HEH g VAN B SRS R

Genes ID Up/down Genes name Annotation

AhHKIF5C Up GRF1 GRF-interacting factor

Ah79G9YV Up EPF EPIDERMAL PATTERNING FACTOR-like protein
AhB5SLLG6 Up SMP_LBD Synaptotagmin-like mitochondrial-lipid-binding domain
ARW7YV9U Up SMP_LBD Synaptotagmin-like mitochondrial-lipid-binding domain
AhSI8X90Q Up GLK2 transcription

Ah4F3XVH Down PTL Trihelix transcription factor

AhGDT5A4Y Up MYBI108 Transcription factor

AhA9PKKK Up GLK2 transcription

AhJONZCO Up WRKY54 WRKY transcription factor

AhTET6YL Down WRKY13 WRKY transcription factor

Ah550C4N Up WRKY72 WRKY transcription factor

Ah77CZVH Up WRKY WRKY transcription factor

AhK37UFQ Down WRKY20 WRKY transcription factor

Ah2G4BRW Up WRKY54 WRKY transcription factor



ARMYRRIC Up WRKY WRKY transcription factor

AhRKLOM69 Down WRKY13 WRKY transcription factor
AhYB2114 Up GASA Gibberellin regulated protein
AhHQS8G2J Up GASA Gibberellin-regulated protein
AhVES4LD Up GASA Gibberellin regulated protein
AhRUJOQA Up GASA Gibberellin regulated protein
Ah35X8A44 Down 4CLI 4-coumarate-coa ligase
AhSTIALI Up 4CLI 4-coumarate-coa ligase
ARNCO9XL Up 4CL1 4-coumarate-coa ligase
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Fig. 6 Protein-protein interaction analysis of differentially expressed genes

HEHL 5 ANHRA A 2 A~ GO & AR i I rh 76 HH 11 55 0628 b1 5 13 2L U Bt R I 22 S A A
HEAT qQRT-PCR Wi (B-Actin NN ZHEF) o G5RFH, 452 FHF qRT-PCR il 15 F AR X 15K P 5
eI 1 FPKM {ER b 5 = A (B TAD o X g S 2H 7 (RNA-Seq) 5 -5 52 2% % 8 & qRT-PCR
ZERATAORIE ST, AHOCR BN 0.72 (B TB) |, i B S B0 43 BT 10 45 R il S 17 i R (R0 7K T



AhAE3ZZG AhZFZ3ZQ AhP17MIH
2.0 250 25 25
- 200 g 20 3 20 3 4
w2 150 =% =215 B = 15 ]
210 S =2 b sE 2
£Z 25 22 2% 23 gx
B 100 2 Z£10 S @ z£ 10 E%
R g-.\* o B
055, 50 g 5 H Ef‘?‘
o 3 b
= e
0.0 0 0
cK T T2
AhAG6R79F AhHMN99B AhRFN3HAQ
4 -5 20~ -3
g L4 Sy 3
40 g 39 S 154 [l
S g B g 2 2 5
S8 sz =g F3 2% g s
¥s £ S 2 2+ g % 2 < 10+ oW
ol EE ¥ h=iy~4 M =g~e
& 20 g B B L2 3 EX F
im g Gl & L1 f®
> 1 g% 5+ g%
g L1 - zH
a Z 8
0 Lo 0- Lo
CK T T2 CK T1 T2
AhXL9HTS B

Correlation = 0.72

== LF UL (RNA-Seq)

FPKM{&
FPKM value
[9A] UOISSAIAX JANB[AI AUID)
e NP R

20 5 E BPCR (qRT-PCR)

CK: 43k 0d Myt TL: T1 By, T2: T2 &l
CK: Callus at 0 days of differentiation, T1: T1 type callus, T2: T2 type callus
A: o 7R R gQRT-PCR BHlE B: RNA-Seq) 5 qRT-PCR 44 F (1A 120 #r
A: Validation of qRT-PCR of selected differential genes B: Correlation analysis of expression values based on RNA-Seq and qRT-PCR
7 EZ5FEE qRT-PCR BiEH

Fig.7 Validation analysis of differential genes

3 Wi
3.1 BERTELE BG L AIEM

SRR R 2 SRR GO ASUMET . BRI — 2 2 R08, Wit RE 6 R R TEAE (0 705 8
TPAKF IR, S50 0~24%00, ABFTTEA O MEAL RN SEIR PRI S AL R, 5 RIL, N i
Tl RERVERIRE A RR, Skl T 5 R IR 22 5, FUMESE . AR G T I
190 1016, AT FIESE T 56 PRI TE A LGV T2 Bt 0 FL BB (B
32 SSHURLMER . T ORAREEYE R B B L IR

S8 57« L R 22 1 B L ek 1 53 DR 70 o 25 2 [ — 5 DR T A 0 4% P 7 A [ 1 25 05 1
B E0), KB A FASUE T A T, 622 BT T1 A T2 MR RTRANAGAL, 5

=l



TTEAWAE A G FR P WARE R R T A A KA SR, HR KA T RS AL . DR b mlod s H 1 2 4
R IR, KRR @GR E R R . ARBFAR, T1AL@A5 DEGs & S 1kl % 43 i)
SEEY. TAMBEAERE . YT T B G TERYT, GRSt A IR DA 40 A 2 41

NEEAl, A EHSNRE F BRI T TR . 0 SR — R R T AN MR, R A A U
TR TERMMARI R AR B iR, A H 805 T4 AT Bt S AE U, Bk, TEARAE R o AR 20
U, TN B RS A O AR 4 BE DN, R IR A5 A A R iR AR

S EHGURE AT AR A, B B R 52 A R 1 DR AR A R S M DG R R L R 450 AR
F1, GO VERET M AR AL Rl BR = 42 1) DEGs %, TR AERRmEERAr 558 —, VLMo A 4L 4k R+
A A KR B TR AE O U A AR v R AR AR . K MADS-box #538 BL & [7 5% (GmDAGLI15
W AR G AR AR RS SR T, BN R 5 5 DROR A 2 A 4t B R B 1) R A7), AR S 5 e 4
P 2H G2 R R T4 BRI B 4R 1 DEGs #EAT 20 BT K I, MADS-box J:H 5% A 8 4~ DEGs Ll
B, WIUEH T MADS-box %33 [K - e 6 38 1 (R BEAE A= 43 A= 20 SURI 40 P 1) 48 R R A 0k 54 AL L T B
K E TAA AT AP2 Fesk BRI RIFIER . SRR KB h AP2 Fesk I 7 X B E E &, WkETKEMHK
B RERBAE RN, AR TEH 1A AP2 R RIARIE, R AP2 #1255 T A GGHL T
Jo KNOX FME A 53 A5 AR HF A S0 IR AS R 35 B AL 0 110 B 32 S0, 3@ I i e 1 A L SRS 25
BEMRE 20, AW 7 h KNOX 2N Kk DEGs - E A b8 B (Ll 714 @A SUMLITER . A
WP A K KT N T ARF RN EA | A DEGs L#RIA, MAERLEE T+ ARF & @540 418 Wit tL 1 4%
FR O B L R 5 RBY, R W] ARF AT e B (et A6 E @A 4Lt . Rltk, MADS-box. AP2.
KNOX FI ARF #5445 K7 1] Gl 40 AR L A4 Rp i i A0 T4 i B 4 il i, Bl 8:5 5 7 AR &
AR5 A I 28 1 425
3.3 HEBHSIN 2SS e Em

MYB.WRKY 1 GASA %55, 5 K 1 5 @475 B A LE AR5, (AR 25 B e s Rl 7 LBD SR FE K 1 i) PheLBD 12
WIS 5% R (GA) REPRIAANTKREFEAE K E KBS, EARR 5 LBD KA 2 MER FARE, #
L T Rl o A B R AR A AR A LS b e 8 TR R I WRKY A& 50 T K i 5 41 400 4 e Ak i
KA ICHEIE RO, A 50 b R LA A% 4 4 A B MR R S IR SC B R 7 WRKY 23345 5 ANEDR BifZRIE, AT
KW T WRKY ¥R rrae 25 T MR HL T . GASA F:DRE i 5 IE A RO AR ik I H
FRAELF RS, RBP4 A GASA Fee Rl 73R BRIk, Ui HFEAEA: b GASA #3151
VIS RS R . LR EPTR, WRKY FI GASA %5855 R 7 F Rl id # M GA SRR 4 AN, M
171 L ) e R s A AR R M G 2 A1 oA, B A R MR A L U e BE AR

Fm



AHEFH MYB #s R 7B BiRE . A TS (GR5) o CAWTREY, d3&E GbMYBRI 7
B DR UL P I 0 55 2R ot A2 0 4 O G (1 22 AN BE R sKSF N, ORI GBMYBRI EL#% 5 bHLH A
GL3 AH B AR S R R A S, S TR A KR & B BRI, 4 P450
B2 5B 758 A0 3L 3R S BR 45 0738, CUA B FEUESE T 2K PR e A B2 U A 5 4 2048
I R E R KOS, A5 EE T2 AU 1) DEGs F 2 & S K@M 2 R A b B & AR 2, RN
R A DG 475 STRAMIG A EEREBE R A T RIBAAL . IR, FEAE AR 2R TR R 2R TR e A A A
MR A E R R, SR T2 BAaGRET . ARSI PPL LS 5 MRAEER, 5l Ti%hE
R A _L30 Z M. Tubulin 25 A MEM V_ATPase I 8 A% . ZBEAEE A L30 (RPL30) A JH# R 4H
NEFAT 225y 40390 L30 SR I AhAE3ZZG HAR IS T8 %, KRR L30 ZRN 64 &1
LT R BAT EEDR AR B SR, CEMRAE U B 1 B-tubulin JERI KR MUA 2 5 T 4 44010 0 2
E MR R0, B 7T iR i H AR AL KA 3 /N @ T-B-tubulin FE R Kk, 25l /& AhPI17MIH . AhA6R79F F
AhZFZ3ZQ, 0 Tubulin S E R v] Gl it 2 564 fatn i) s 2 4%, (2 Hin 4 e A ) T1 Ak
PERALVEK . BT ABEFIUEY] V-ATPase A2 V)AL T ZE BT 752, T4ERRA0 M I RR R, s fEiis
MRt s, SHAK. REMBARASAET RO, AHE T IT % 0K A5 K AhHMN9IB J& T
V_ATPase 1 Z ik, %M V_ATPase 1 KM AhHMN99B FEIK REf Nie A @G HLVERK . KB MES KA
HEAE B, AERR2E KO R P BT 76 AR , B 2RI i i A K o 2% E TR, MYB Al P450 265K %, Tubulin
MV_ATPase I %58 F 50 Al el 4R A0 L A0 R 4k« R R LA L 75 200 B S R ol P2 S8 i A2 SR S e 784
ML
4 Z5ip

AR FUEIE LR 7, DL R A T R G TSR AR, AN O ANAEAR Sl o 5 15k 5 2 A o VR
1622 5% S R EIR . IR 5 A AR (RIRAE 22 5 IR A AR M A5 34T RNA-Seq 4007, L6k
th 2660 2R RIEEEN, ZRrENFES S EHLYERE. TAMBEERF RN B & s A
SRR, b B R R AL A R G 2L U B R K LBD WRKY Rl AP2 %5 i 85 1 Kk
FERAEAR-EAREAENSE ST, KIS MRAIFER, XK 5 5] J& T Ribosomal protein 130 £ 1K
J&+ Tubulin M1 V_ATPase | 558 H R, Al AeELEAEMME @ A0 SO R RSB EE R o AR
it 255 ) AR RRIT, DB R T A A T A H SN R DGR R AR BRI, RO AR e A A
R O3 A 2 JOs A AL T AR R AR A

=l

SE MK

[1] Zhang H, Tang Y'Y, Yue Y L, Chen Y. Advances in the evolution research and genetic breeding of peanut. Gene. 2024, 916: 148425.



[2] SongZY,TianJL, FuW Z, Li L, Lu L H, Zhou L, Shan Z H, Tang G X, Shou H X. Screening Chinese soybean genotypes for Agrobacterium-mediated
genetic transformation suitability. Journal of Zhejiang University-SCIENCE B. 2013, 14 (4): 289-298.

[3] Nivya V M, Shah J M. Recalcitrance to transformation, a hindrance for genome editing of legumes. Frontiers in Genome Editing. 2023, 5: 1247815.

[4] QiuL, SulJ, FuY, Zhang K. Genetic and transcriptome analyses of callus browning in chaling common wild rice (Oryza rufipogon Griff.). Genes. 2023, 14
(12): 2138.

[5] kmess, Juzs, B%, B, skEeE, EHOE, TREER, WA, ORI @05 4N A AR A ORI 5 5. 4%, 2017, 39 (02):
143-155.

Zhang X L, Long Y, Ge F, Guan Z G, Zhang X X, Wang Y L, Shen Y , Pan G T. Genetic study on traits related to callus regeneration ability of maize
embryonic callus. Hereditas, 2017, 39 (02): 143-155.

[6] Kumar S, Ruggles A, Logan S, Mazarakis A, Tyson T, Bates M, Grosse C, Reed D, Li Z, Grimwood J, Schmutz J, Saski C. Comparative transcriptomics of
non-embryogenic and embryogenic callus in semi-recalcitrant and non-recalcitrant upland cotton lines. Plants. 2021, 10 (9): 1775.

[7]1 Limbua Purity G,Ngugi Mathew P,Oduor Richard O. Genetic transformability of selected Kenyan groundnut (4rachis hypogaea L.) genotypes with IPT
gene using cotyledonary node explants. Advances in Agriculture, 2022.

[8] F&EA, BAEE, M. AEERE X0 A T i B R R IR A T AR s (B 7. LA R 22 54 (B SRR RR), 2014, 34 (03): 245-248.

Lu C S, Liao F Q, Lin Y. Study on the effect of different tissue culture methods on the acquisition of regenerated seedlings from In vitro tissue culture of
peanut cotyledons. Journal of Shanxi Agricultural University (Natural Science Edition), 2014, 34 (03): 245-248.

[9] Thomas Efferth. Biotechnology Applications of Plant Callus Cultures. Engineering, 2019, 5 (1): 50-59.

[10] Wen L, Li W, Parris S, West M, Lawson J, Smathers M, Li Z, Jones D, Jin S, Saski CA. Transcriptomic profiles of non-embryogenic and embryogenic
callus cells in a highly regenerative upland cotton line (Gossypium hirsutum L.). BMC Developmental Biology. 2020, 20 (1): 25.

[11] Miiller-Xing R, Xing Q. The plant stem-cell niche and pluripotency: 15 years of an epigenetic perspective.Frontiers in Plant Science. 2022, 13: 1018559.
[12] Chen B, Maas L, Figueiredo D, Zhong Y, Reis R, Li M, Horstman A, Riksen T, Weemen M, Liu H, Siemons C, Chen S, Angenent G C, Boutilier K. BABY
BOOM regulates early embryo and endosperm development. Proceedings of the National Academy of Sciences of USA. 2022, 119 (25): €2201761119.

[13] Zhang X, Wang Y, Yan Y, Peng H, Long Y, Zhang Y, Jiang Z, Liu P, Zou C, Peng H, Pan G, Shen Y. Transcriptome sequencing analysis of maize embryonic
callus during early redifferentiation. BMC Genomics. 2019, 20 (1): 159.

[14] Cheng Z J, Wang L, Sun W, Zhang Y, Zhou C, Su'Y H, Li W, Sun T T, Zhao X Y, Li X G, Cheng Y, Zhao Y, Xie Q, Zhang X S. Pattern of auxin and
cytokinin responses for shoot meristem induction results from the regulation of cytokinin biosynthesis by AUXIN RESPONSE FACTOR3. Plant Pbysiology.
2013, 161 (1): 240-51.

[15] T4, B, %, Uil MNR%E. TREHGALEmNEIA P, FPEE R, 2023, 24 (04): 1151-1160.

Jia SN, Wei Q H, Miao R, Peng Y L, Liu Y J. Transcriptome analysis of callus formation in maize. Journal of Plant Genetic Resources, 2023, 24 (04):
1151-1160.

[16] B, skiAZ%, SN, £AE, INETX, Bk, ik, 7algl, SRyl SR, R, £, B kit R, DRE, BReX,
VAR, LG ERRYE @5 T (R A . 2> TRV E D, 2024, 22 (06): 1774-1783.

Ge M J, Zhang CJ, Li Z S, Wang X Y, Sun Z M, Chen B Z, Zhang Q, Qiao K K, Ma CK, Cao X C, LvJ Y, Wang L, Wang Y W, Zhang R J, Nie J W, Ma Q

F, Chen Q J, Fan S L. Transcriptome analysis of red light-promoted embryogenic callus induction in cotton. Molecular Plant Breeding, 2024, 22 (06):



1774-1783.

[17] #ozmm, k&P, 2, EH, FAHE, Fok, SMER. NE WRKY #3510 % 8 K HTE IR @ 0 HEUE b 2RI 08T, 2RISR,
2021, 41 (12): 1469-1478.

ChuZ L, Zhang RN, Li LJ, Sun J Y, Wang F J, Zhou Q, Tong S L. Identification of WRKY transcription factors in wheat and their expression analysis in
embryogenic callus formation. Journal of Triticeae Crops, 2021, 41 (12): 1469-1478.

[1 8] Jiao Y, Tan J, Guo H, Huang B, Ying Y, Ramakrishnan M, Zhang Z. Genome-wide analysis of the KNOX gene family in moso bamboo: insights into their
role in promoting the rapid shoot growth. BMC Plant Biology. 2024, 24 (1): 213.

[19] LuoY, HuB, JiH, Jing Y, Zhang G, Yan Y, Yang B, Peng L. Sequence characteristics, expression and subcellular localization of PtCYP721457 gene from
cytochrome P450 family in Polygala tenuifolia Willd. PeerJ. 2024, 12: e18089..

[20] Zhou M, Jiang Y, Liu X, Kong W, Zhang C, Yang J, Ke S, Li Y. Genome-Wide identification and evolution analysis of the CYP76 subfamily in rice (Oryza
sativa). International Journal of Molecular Sciences. 2023, 24 (10): 8522.

[21]Debemardi JM, Tricoli DM, Ercoli MF, Hayta S, Ronald P, Palatnik JF, Dubcovsky J. A GRF-GIF chimeric protein improves the regeneration efficiency of
transgenic plants. Nature Biotechnology. 2020, 38 (11): 1274-1279.

[22] Z=5cks, ATRTE, SRoKHE, WM, A, #OCH, Ul BN, skBTR. B4 BRI A GNE SR RS S AL, PERSEHR, 2016, 32
(21): 75-78.

Li WJ, Fu LY, Huang B'Y, Miao LJ, Shi L, Dong W Z, Zang X, Tang F S, Zhang X Y. Establishment and Optimization of Callus Induction System for
Peanut Epicotyls. Chinese Agricultural Science Bulletin, 2016, 32 (21): 75-78.

[23] Bertioli D J, Jenkins J, Clevenger J, Dudchenko O, Gao D, Seijo G, Leal-Bertioli S C M, Ren L, Farmer A D, Pandey M K, Samoluk S S, Abernathy B,
Agarwal G, Ballén-Taborda C, Cameron C, Campbell J, Chavarro C, Chitikineni A, Chu Y, Dash S, El Baidouri M, Guo B, Huang W, Kim K D, Korani W,
Lanciano S, Lui C G, Mirouze M, Moretzsohn M C, Pham M, Shin J H, Shirasawa K, Sinharoy S, Sreedasyam A, Weeks N T, Zhang X, Zheng Z, Sun Z,
Froenicke L, Aiden E L, Michelmore R, Varshney R K, Holbrook C C, Cannon E K S, Scheffler B E, Grimwood J, Ozias-Akins P, Cannon S B, Jackson S A,
Schmutz J. The genome sequence of segmental allotetraploid peanut Arachis hypogaea. Nature Genetics. 2019, 51 (5): 877-884.

[24] Xue Q, Zhang X, Yang H, Li H, Lv Y, Zhang K, Liu Y, Liu F, Wan Y. Transcriptome and metabolome analysis unveil anthocyanin metabolism in pink and
red testa of peanut (4rachis hypogaea L.). International Journal of Genomics. 2021: 5883901.

[25] w01, FhER, PMEDE, Wande, TkekIe. RGNS K A 1 FHLEL TEPSAAR, 2023, 49 (02): 299-309.

Han B, Sun S M, Sun W N, Yang X Y, Zhang X L. Molecular Mechanisms of Somatic Embryogenesis in Plants. Acta Agronomica Sinica, 2023, 49 (02):
299-309.

[26] Phillips R L, Kaeppler S M, Olhoft P. Genetic instability of plant tissue cultures: breakdown of normal controls. Proceedings of the National Academy of
Sciences of the United States of America. 1994, 91 (12): 5222-6.

[27] Zheng Q, Zheng Y, Ji H, Burnie W, Perry S E. Gene regulation by the AGL15 transcription factor reveals hormone interactions in somatic embryogenesis.

Plant Pbysiology. 2016 172 (4): 2374-2387

[28] Bharathan G, Goliber T E, Moore C, Kessler S, Pham T, Sinha N R. Homologies in leaf form inferred from KNOXI gene expression during development.

Science. 2002, 296 (5574): 1858-1860.

[29] Tsuda K, Maeno A, Otake A, Kato K, Tanaka W, Hibara K I, Nonomura K I. Y4BBY and diverged KNOX! genes shape nodes and internodes in the stem.



Science. 2024, 384 (6701): 1241-1247.

[30] LiR, WeiZ, LiY, Shang X, Cao Y, Duan L, Ma L.SKI-INTERACTING PROTEIN interacts with SHOOT MERISTEMLESS to regulate shoot apical
meristem formation. Plant Pbysiology. 2022, 189 (4): 2193-2209.

[31] Lee K, Park O S, Seo P J. Arabidopsis ATXR2 deposits H3K36me3 at the promoters of LBD genes to facilitate cellular dedifferentiation. Science Signaling.
2017, 10 (507): eaan0316.

[32] WuM, Wang Y, Zhang S, Xiang Y. A LBD transcription factor from moso bamboo, PheLBD12, regulates plant height in transgenic rice. Plant Molecular
Biology. 2024, 114 (5): 95.

[33] Wu C, Hou B, Wu R, Yang L, Lan G, Xia Z, Cao C, Pan Z, Lv B, Li P. Genome-Wide analysis elucidates the roles of AhLBD genes in different abiotic
stresses and growth and development stages in the peanut (4rachis hypogea L.). International Journal of Molecular Sciences. 2024, 25 (19): 10561.

[34] LiZ, Gao J, Wang G, Wang S, Chen K, Pu W, Wang Y, Xia Q, Fan X. Genome-Wide identification and characterization of GASA gene family in Nicotiana
tabacum. Frontiers in Genetics. 2022, 12: 768942.

[35] Chen B, Sun Y, Tian Z, Fu G, Pei X, Pan Z, Nazir M F, Song S, Li H, Wang X, Qin N, Shang J, Miao Y, He S, Du X. GhGASA10-1 promotes the cell
elongation in fiber development through the phytohormones IAA-induced. BMC Plant Biology. 2021,21 (1): 448.

[36] SuX, XiaY, Jiang W, Shen G, Pang Y. GBMYBRI from Ginkgo biloba represses phenylpropanoid biosynthesis and trichome development in Arabidopsis.
Planta. 2020, 252 (4): 68.

[37] HeJ, Chen Q, Xin P, Yuan J, Ma Y, Wang X, Xu M, Chu J, Peters RJ, Wang G. CYP72A enzymes catalyse 13-hydrolyzation of gibberellins. Nature Plants.
2019, (10): 1057-1065.

[38] Kiba T, Mizutani K, Nakahara A, Takebayashi Y, Kojima M, Hobo T, Osakabe Y, Osakabe K, Sakakibara H. The trans-zeatin-type side-chain modification
of cytokinins controls rice growth. Plant Pbysiology. 2023, 192 (3): 2457-2474.

[39] Lin YL, Chung C L, Chen M H, Chen C H, Fang S C. SUMO Protease SMT7 Modulates Ribosomal Protein L30 and Regulates Cell-Size Checkpoint
Function. Plant Cell. 2020, 32 (4): 1285-1307

[40] &3, L, %, Rivdh, BIK, BB, BeX, THE. ML p-tubulin FH FIRN % & R IAEFER G P IIRE. fERIEEEE, 2023,
56 (23): 4585-4601.
Dang Y Y, Mal J, Yang S X, Song J K, Jia B, Feng P, Chen Q J, YuJ W. Identification of B-tubulin gene family and its expression in fiber development in
cotton. Scientia Agricultura Sinica, 2023, 56 (23): 4585-4601.

[41] Wang C, Xiang Y, Qian D. Current progress in plant V-ATPase: from biochemical properties to physiological functions. Journal of Plant Physiology. 2021,

266: 153525.



