FE¥)2#4% Chinese Bulletin of Botany 2026, 61 (1): 123—135, www.sciengine.com/CBB/home
doi: 10.11983/CBB25010 cstr: 32102.14.CBB25010

BRI -

— St E R LERINELSMK

SR EEX, BB, BEM, BTE, KA xm

B E BB e B, D AR L AR SRR, ¥V 261325

BWE AR VEBRFE N FH1ELE (Arachis hypogaea)iB# &bk &, EH11ANEA ShFh, Pk RN 28 A
SRBEN SR, SRTEER. HRODME. LB T FEIAS)HE . RIETEEFIMRE . =247 ORI [a) DL e 385 7%
I ] 5 5 M0 B B AT R R 04K, SRABIE AR N R R AR . 45 BB, DIEE 33N A2k, FIF&H SOR0E
1 (eGFP) 14 B- 4 ¥ TF R g (GUS) 28 1 ) B8 4L A FT 112 Y 1k, R ILIR e W A MS W 7K +LBA4404 1 F:+100 pmol-L™
AS+150 mg-L™ i 7 7 Silwet-77+ 5 i ODeoo=0.7}, 12477 X i B 4% 1550 Sl +129020 4 b+ S B 4 K 76 A B fh 2
B, CaMV35S:eGFPHIANUBQ4:GUSEH %= 4 51 852.67%157.67% . LM L5715 S AL AR, HP&eGFP
B AR AL eGFPA YO RIPCREINLE i A 3L N PH R, & GUSH A M AL MR 4 GUS Yt RIPCRAG I 4 5
L FE R P AR MR o 1B TR T S IR T AR B e (R R, BIENCAEEF IR F . PR E . S R A
EVE AR IR ESE

K|IF e, WM, BEHEILIA R, eGFP, GUS
ZEE, BB, EEE, NENR, BAE, kEF, XRA (2026). —FESACAEREE AR RAES 50046, Y 2ER

61, 123-135.

1£E (Arachis hypogaea) /s #Ri& 14, EIH T/
55 I BT AR A Ik 3 & B R 4k W 6 X 4% (Hammons,
1994; Grabiele et al., 2012; Ff/NFE%, 2021), &t
Ft b EE MR EY 2 — (RS EFHZEHE, 20086;
VP K S, 2007; BEANAFSE, 2008; #Hi5E, 2020),
2 v [ 3 2 ) 2 50 R RLE P (B 75 R X ER
2008; HHZLE4E, 2012; MRl A E—4i, 2013; £R
X, 2019; FRAAME, 2020; MutiEs:, 2024), Hf,
P TE A 2E W 1 R AE RN 38t A% 7 R L T I 438 A ML
AR Bk . — 7T, Rl PR Kk e AR A
Foar KA. AR HEARTBIZHATS, Wk
FPEAR S LR G B AR ED G B M35 IR
W FEAE AR A P I AR 8 AL WL B3 T8 SR AR (R
P, 2021). FI XSS R, BHIFF AT DARE S
b7 b A S A6 A I S DR Th R, 248 B 2 BRI TENE
MO BRI AR AR 8% B il AR T R i 1 R
Jille H—J5H, R WAk . AT
B O, BEDRECE RO, X P AR R I A 1 2 [

Woke H 9: 2025-01-18; #5252 H #1: 2025-03-18

THBEWE FEARH M AE . BRAh, FEAE AR 32 3K A
AR RIS, B2 ERR T, —HMLAEM,
BE— IR T AT PR IR AT 3 PR DR IR i B A PR (B
2019). ESEAESERRIVIE AL B RIAT, BETAEA B
i = NS S LI, A DO i i R E . TR
BB ER A AR R RN RO eSS, B, A
FEAE P AR B WA B AU S5 7 T A R A
AR, AR H 25 Ao DR UK FL R S BRI v
bb, RBEAEMBLR 3 BN FAEA: it b 2 18] TE i IR
ZRAE, fEAHET L RAEAR A DL 1A% G A 52 7 A AEAE
A AR R G, X A RS T AEE RS A A L
B B HEHE DAL RAR (SR B SH AT ek, 2015; #58AH
%, 2018; T, 2020).

It 5 A A e Sk DAL RO B 32 N FH A 1 A 2
Iz R e, NOUHREA ot H AL E Al 2 AR
Yo, AT B e A A0 (R0 P 5 5 R i it 2L A K
Hpri, X HONTEE dh R e AR AT 28 T B
(HIFIAESE, 2012). R, JFEAEAEFAER H M ARG H
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B AR, uTeA B AR R A g,
HHIL) TSR DRt S S BRI . BN AR
ROBALF AR R BT i e A4 & Fh bR

RAF B A TR e AR L L s R 5k 2
—(FitAESE, 2003; 1RENH S, 2008; KA, 2018;
FRIKEE, 2019; L EELE, 2022; XBk#HEE, 2024).
M AF A T e A MR AR IR R 2, B
W ODTE « 12 477 URIR L[], L% 75 i 1] BA A
BRI SE (R FIIE 4, 2012). %I X2 (2004) LL1E4:
JA /NI R AN A AT AR RN Ak, 45 SR 3R I TR R
PAODegoo=0.65 e A4 2% fie iy« TR AMIIAE(2012) LAE
H 225 B AE115 (1 BTN IR /N DRy 52 446 K
KA RNEF B ARAT R S A, Ak TR AL 3
AR, B T AR, 2 ) 3R i R R A
Mo BR4:H55(2010) LA 1 i I RSl A 32 AR AR,
HEAR G ARG e TR #
B (2022) A i1 396 AR kbt 3@ A AT 1R Ak
A2 UII = AR 2, RiRSE e 1 3 R Fh 1)
PAFE . HEFRIN, T FRmS (8] 8 3K I F A R 5
= (Mayavan et al., 2013; Karthik et al., 2018; £ X,
X, 2019).

BAR AN B A SVEAEAC A B AL F 4k b 2 W 7
TR, SRTTAEAE T AT B (1 BB Ak T A R A )
K, SRR TR R . TERIT R YAeE
HMEM S, T-DNARIE RS S8 BORICT, X AT HE
Z MR ILFEER T E A G ARG 4 R
gh FC YR AL DA K A AT 1R 5 T8 AR 4H B (7]
A BAE A (R 58, 2024). JEAE, A ELAT
W B AR IR AR R Y e It AP e 2 S, T — D
T R A 3E A A A 384 7 A 100 AR T VT 1A R S 1R % 2%
R BRIk, AT S0 10 R0 e I A AR T

AhUBQ4-GUS

FLwR, I AR B A 30 O HOE B AR P (B
LATH F PR # I ODME . 4Bt T 7 [ (acetosyrin-
gone, AS)iEFIRIHNE MEFIKRIE), R&RAZ YT
I (] DA B 3855 F5 I (] SE 0T R AL R 2R, B FE ST K
FaE ML AR &R, NI E IR R DI L. 2T
B R AR R SR B A RR R

1 MH5ERZE

1.1 SEIePR

DAL 3R 22 B A A 7 Bt X1 16 - S 56 =5 AR AE 1 11
N6 (Arachis hypogaea L.) 5 FiIE /N Atk 4T
A KBt # AT T . CaMV35S:eGFP 44 & 3 2
EMARTR, AnUBQ4:GUSH M 1 tn 1B »

12 SZWAE

121 %R

DIk AR AR5 B81455 . RIEA. (195,
Fle15 . HWle8 5. IUNZ. {EFE315. {£H9133
FIAEE 94016 £ Fb 1 RN ik b, RE 9228 K5
Gtk 2E B SR, Ik 2 A S R B e e A R R
NASHIE FE LA R o

122 RITEEHK

#CaMV35S:eGFPFIAhUBQ4:GUS i Hi 43 il # 4k,
GV3101.EHA105HMILBA4404H Fk, SRJGE 1 FH A R4«
FF B B R 23 B EE A AE AR IR /N 0 6 ) 2 Ak 1) d A
RAT R, e MKH R, RBAIMS
Wi+ [F) A KT 7 £k +50 umol-L™ AS+50 mg-L™
Silwet-77+# 7 OD=0.6—0.8+3h E 237> #H +i2 7810
SRR+ ILIEFRBR, KR O BB 5 B PG

NOS terminator < 6xHis |< GUs |< AUBQ4 | CaMV 358 promoter CaMV poly(A) |[——| LB

CaMV35S-eGFP

B RB

El1 AhUBQ4:GUS (A)fiiCaMV35S:eGFP (B)#i 1A Kl

Figure 1 AhUBQA4:GUS (A) and CaMV35S:eGFP (B) vector map

CaMV 35S promoter eGFP NOS terminator Gene 7 terminator—
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1.2.3 HERODHENIE

W A6 IR /N 43 73] B 5 R F) B i ODME (0.4 0.5,
0.6. 0.7M0.8)1R G, HE KR
12 Y I MS T 1 +LBAA404 I Ff + A [F 1 i OD {8 +
50 umol-L™" AS+50 mg-L™" Silwet-77, 124477 = Ayl
HA3NH+IZIEA0 0 8+ JL 323K, Guit-# 10 BH M
HORBH 2

124 ZBT BEREFiE

B AEA RN 3 550 B TS AR B (50. 100, 15070
200 pmol-L™") ASIR e, LURIRIASHE Al iE,
HEHNFM 5, RABAMSHAR+LBA4404 i #k
+50 mg-L™" Silwet-77+#{0De0=0.7, 12475 X Jyih
AN BHRI00 B+ 3L 85 323K, Giit iR LRH P
HOFBHMEZE

1.2.5 FREBEMFISilwet-77RE THik

KA E RN 2 B T S A FR (50, 100, 1507
200 mg-L™") 2 i M 7 Silwet-77 143 G, Bk
TN N T 77 Silwet-77/E G, g b4 —
B, 17 4L A MS W A +LBA4404 1 #£ +100 pmol-L™
AS+ AN [F] & B 2 T i7% 1 771 Silwet-77+ B i ODg0o=0.7,
=247 XN H 30 5+ IE10 0 B+ L1 923K,
S EALBH RO E R

1.2.6 REHRRAIETGFE

H e A RN R A R 5 AT R (R1), HE
S — B, 18 Y 9 MS V4 +LBA4404 14 1k +100
umol-L™" AS+150 mg-L™" % i i 1 71 Silwet-77+ 1 i
ODg0o=0.7, KA AR YL A +3L 35 9R23K, Fiitfs
A4 BH 14 5 RH BH 4 2

1.2.7 HIFFEIEIFE
JAR/INHHAR Y TR AT R R TR L8 95 (2 3. 4T
5K), IR T A s AR LR IR0 IR, 2 G AMS
WAK+LBA4404 E #:+100 pmol-L™" AS+150 mg-L™
F T M 77 Silwet-77+ B 7 ODgoo=0.7, K H #h B ==
1573 B +IR 102070 B+ AN [R] 2L 55 3R 15 A], Gt v 4% 40 FH
PEECRIBE 2R .

IR MR AR R L 5L 125

R AFEIR G5 3 )
Table 1 Different infection methods and durations

Treatment number Infection method and time

A1 Vacuum for 5 min

A2 Vacuum for 10 min

A3 Vacuum for 15 min

A4 Soak for 10 min

A5 Soak for 20 min

A6 Soak for 30 min

A7 Vacuum for 5 min+soak for 10 min
A8 Vacuum for 5 min+soak for 20 min
A9 Vacuum for 5 min+soak for 30 min
A10 Vacuum for 10 min+soak for 10 min
A1 Vacuum for 10 min+soak for 20 min
A12 Vacuum for 10 min+soak for 30 min
A13 Vacuum for 15 min+soak for 10 min
A14 Vacuum for 15 min+soak for 20 min
A15 Vacuum for 15 min+soak for 30 min

128 HEREENEE

214 CaMV35S:eGFP{Z Ze b B () S 46 A1 K}, K FI 4%
] e BB M EE IR . £ AhUBQ4:GUSHR %411
TR RE, Al 23K 5 GUS B ik 71 £ (Jb 52, Cat
No.G3060)i#: 47 Jxta, FF Pk~ AR R, ff
FH TIANGEN 4 47 3 5] 2 DNAFE B 77 o 2 B e A
[AIZ1DNA (Jt 3¢, Cat No.DP305). PCRIiS: il fiff fii FH 2x
KOD One PCR Master Mix (Toyobo, Cat No.KMM-
201), 7£30 uL PCRZ MR & H 43 AIIIA15 pL 2x
KOD One PCR Master Mix. 1 uL DNAi#R . 1 pLIE
5. 1 LR AGIH1M2 ul ddH,0. 48 s BFR T
95°C 1AL 1243 f; 98°CAF14:10%>, 58°Cil K307},
68°CIE(H10FP, 30/MEHF; 68°CLALEMS54h; 10°CHR
1%, eGFPH 1 b BEK/INN187 bp, GUSH # A BRI
9211 bp. H6 pL PCR™“#J3EAT H kA, LAASIIDNA
TR (1 S5 7 A A B 1A 6 B, DA B A DNAE S BE 4 %o
& R7 57151 40: eGFP-F: 5-ACGTAAACGGCCACAA-
GTTC-3, eGFP-R: 5-AAGTCGTGCTGCTTCA-
TGTG-3"; GUS-F: 5-CTGATAGCGCGTGACAAAA-
A-3', GUS-R: 5-GGCACAGCACATCAAAGAGA-3'.

1.3 EBHEEH
LR R UL, B FEpH }5.840.5, AN Ab HE 5 Ff
200 M4 AR . SEEGE 3K
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1.4 BIBSH

K HExcel 20108 %51 %45, HIBM SPSS STA-
TISTIC 23.0%5K 1443 b 5 -

FH Pk #2 =(eGFP % )t MM 14 4 & (B GUS #5 . i
AUAMEAR B )R YL PR S ) x 100%

2 &HR5WR
21 TEZRRIEERHMFMES LM

WHERN, AFETEE MM AR 2R ER B EH (R
T2 AFTEL SR 2 I S5

2), HNFE S RE T 80%HI A 84, 45l Nk
A, WE1S . BiE145. (RIEE. (1195 . E1E1
5. HIMIZMILE140, KL HEI33EMNFES
RIg T, NI7.83%. [KULIEFIEE 133147 J5 £4%
IR (&12).

22 AERFERRNFLRERARN

IR, AR AR B R R e b ) s ) 22 e (2 35
(3%3), fELBA4404R kIR G+, CaMV35S:
eGFPAIAhNUBQ4:GUSH) 2 8L H #5114 %5 A0 BH

Table 2 Induction rates of buds from different peanut varieties
Bud cluster induction rate (%)
Variety
Replication | Replication Il Replication Il MeansSD
Shitougqi 97.47 93.16 95.45 95.36+2.16 b
Haihua1 95.95 93.55 94.23 94.58+1.24 b
Luhua14 93.24 90.62 92.31 92.06+£1.33 c
Fuhuasheng 87.42 86.89 87.42 87.24+0.31d
Shanhua9 89.04 85.13 86.53 86.90+1.98 d
Fenghua1 82.28 81.15 82.88 82.10+0.88 e
Weihua8 72.93 74.08 73.55 73.52+0.58 f
Silihong 68.45 67.85 67.76 68.0210.38 g
Huayu31 57.76 56.66 57.65 57.36+0.61 h
Huayu9133 97.50 97.00 99.00 97.8311.04 a
Huayu9140 96.00 95.00 96.50 95.8310.76 b

FR/NG 58 o7 4E0.05/K T2 7 2%, T,

Different lowercase letters indicate significant differences at the 0.05 level, the same as below.

B2 EHI13ME/ A R A
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(A) WAEAEFD T 73 B AR/ (B) g RN Bl 2 T AR B R 2 h b AT IR 77, (C) HigR14 R, IR/ FER R BT RN
& (D) #—BHigr)e, R ARE RN NG, (B) P AU BILIEE, TREZBEE R, (F) SIF BB EWERa)s, kR
S, AERARIE (G) MKRRZFRE SRR R, R&RE T EMEMK. Bars=1cm

Figure 2 Complete flow chart of the regeneration of embryonic leaflets of Huayu9133

(A) Embryonic lobules were isolated from peanut seeds; (B) Embryonic lobules were inoculated into plate medium for primary
culture; (C) After 14 days of culture, the embryo lobules formed small buds on the medium; (D) After further culture, a dense bud
cluster structure was induced; (E) Buds differentiate into obvious buds, and the morphology gradually stretches; (F) After the
buds were transferred to the new medium, the buds continued to elongate and grow robustly; (G) Elongated buds were induced
to form roots, and finally complete regenerated plants were obtained. Bars=1 cm

R3S FAAT 1 PRI

Table 3 Screening of different Agrobacterium strains

CaMV35S:eGFP

AhUBQ4:GUS

Agrobacterium strain Number of positive

samples (units)

Positive rate (%)

Number of positive

1t 0,
samples (units) Positive rate (%)

GV3101 14.33+0.58 b 7.17£0.29 b 15.00+1.00 b 7.50+0.50 b
EHA105 10.67+1.15¢c 5.33+0.58 ¢ 11.00+1.00 ¢ 5.50+0.50 ¢
LBA4404 20.67+1.53 a 10.33+0.76 a 17.67+1.53 a 8.83+0.76 a
<4  BIRODIEHIRE
Table 4  Screening of the OD values of bacterial liquid
CaMV35S:eGFP AhUBQ4:GUS

OD value of bacterial
Number of positive

Number of positive

suspension samples (units) Positive rate (%) samples (units) Positive rate (%)
0.4 14.33t1.15 e 7.17+0.58 e 16.33t1.15e 8.17+0.58 e
0.5 17.67+0.58 d 8.83+0.29 d 23.33+0.58 d 11.67+0.29 d
0.6 25.33+x1.53 ¢ 12.67+0.76 c 36.00£1.00 b 18.00+£0.50 b
0.7 44.00t1.73 a 22.00+0.87 a 53.67+1.53 a 26.83+0.76 a
0.8 32.00+1.00 b 16.00£0.50 b 27.67+1.53 c 13.83+0.76 c

M, 55 °820.671F110.33%, 17.67 > 18.83%,
BISHEHReEE R EE . NI, 20635 EH M
FIPH R, CaMV35S:eGFPFIANUBQ4:GUS#4 1k i
& H 1R AR 9 LBA4404

2.3 HEHRODENFELNZI

W% % B, CaMV35S:eGFPFIAhUBQ4:GUS/Z 4:44
1 IH 14 00 B 4 2R 2 B 1R i O DAL ) v 22k Bt
J& TR (RA), TRERIRE L mAR T, Wl
OD=0.4I}, CaMV35S:eGFP fil AhUBQ4:GUS 13 4t
AR BH M 22 25 S AR (23 0 N7 . A7 % H18.17%), Tl
OD=0.71f, CaMV35S:eGFP 1 AhUBQ4:GUS 12 %
(A Rk BH 2 0 R0 BH 4 2 35 8 =1 (93 ) 9 444> T 22%;
53.67/M126.83%), 5t hbHH = S 3 48 FRTIR,

CaMV35S:eGFP #il AhUBQ4:GUS & 4+ # ¥} fx i& &
() i OD1H 0.7 .

24 ASKREXNTFAFELRFI

W% % B, CaMV35S:eGFPFIAhUBQ4:GUS/E 4: 44
RF I BH 1k 5 B P 2R 1) S B o 1 v O DL T s St 16
TG BRI 3 (%5). TERBIMASHIIEHL T, CaMV
35S:eGFP F1ANUBQ4:GUS 2 4 #4 K 1) BH P 2 b T
BARAKT, 39 NT7.67%H16.17%, SUINASKLH 5
PR L 22 5 B35 . 24ASTREE 9100 pmol-L i,
CaMV35S:eGFP A1 AhUBQ4:GUS 13 4L 44 4 1) [ 4 %
FIPH P 235 TA B OKAE,  BRAS0S)51958.33/M166.33
A, BHPER 3 HIN29.17%F133.17%, S e AT 2 5
W%, 2 TR, ASEEIRE 9100 umol-L .
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2.5 FRESEMFISilwet-77RE XS ML
W% % B, CaMV35S:eGFPHIAhUBQ4:GUS/Z 4:t4
HE 0 BH P 25 BE M 2R Y 2 O BE A 3R T
Silwet-77 ¥ 5 ¥ 3 0 52 2 T i Ja BRI 1 8 34 (R 6)
7E K U 0 2 T & P 75 Silwet-77 [ 15 W T, CaMV
35S:eGFPf1AhUBQ4:GUS 2 4 44 A} 11 BH 4 2 &b T
BAKAKF, 7351°812.50%H111.33%, 57N Silwet-
77 R FIM B LUAFAE 23 2 57 M Silwet-T7IREE R
150 mg-L7'if, CaMV35S:eGFPHIAhUBQ4:GUSH
GudA R i BH P ORI BH 1 2R Bk B e AR, BH 0 591
JNTT.67 4> F180.334, i BH 4 % 43 Jill v 38.83% #il
40.17%, SHEABEREER . 8 LR, REE
17 Silwet-77 F&E ¥ 150 mg-L™

26 RFFHAKE BN ZFAELHRN
WEFE I, B fG F  3  A B R A PR iy S T
{1 BH A BOMTRH 1 2R P4 A B 8T, 24K
TR IR AN BN OS5 S AT AR YL, FHEEC R
VEAR YR E I, R TS A B BV 4 R
SO, BCVRAE Y B RIVE DR, SRR LR 4 B B
sAl, MIMAETSFHIERIUE R W, HEANLHMES
JRBERNWT T BEAE AL BRI [ IE G, FHE SR IZ BTt

RS LW T HE(AS)IE HIR B

i, HEE —E G, R RE R SR
L1550 B HRIE.20 70 B AL FEL N, CaMV35S:eGFP
FAhUBQ4:GUSHE Gub4 o} i1 BH 14 25 5 FH 1 e 351 2]
HOKAE, BRSS9 8641 F190.334N, BH M 2R 43
NA3%F145.17% (KT). 44K E, CaMV35S:eGFP
FAhRUBQ4:GUSHZ Y i kL) S tE 47 G 75 2 I Bt 1] Ry
HHEL 21553 Bl +12 11205 o

2.7 HIZFRETEXS S AR LRI RME

TR, A LB FR I 1 12K, CaMV35S:eGFP
FAhUBQ4:GUS 12 Gu o B i BH 4 %5 15 BH 14 28 & 30
SeIB T AN S T B (K 8). X AT e T LR
RIS, SEH A B R 2 B, M #3
FH A ZSORT FE PR 2R LB A8k . LG RN (A 4R
i, CaMV35S:eGFPAIANUBQ4:GUSHPH %5 55 [ 1
RYNEFIRAE, SHEOHEEREE, FHELD 5
9105.334H1115.334, 1 FH 14 2 43 1) 952.67 % il
57.67%-

28 HEFEHELE
FCaMV35S:eGFPE 44 Ja IR Bl A 5¢ ot Bl s Wi ¢
AR, 455K I ZEAT B Fr ¥4 658 6 (I3A).

Table 5 Screening for the appropriate concentration of acetosyringone (AS)

CaMV35S:eGFP

AhUBQ4:GUS

AS concentration

(umol L) N e ey Positverate (%) NaTOSOTPOSINE  positive rate (%)
0 15.33x1.53 e 7.67+0.76 e 12.33x1.53 e 6.17+0.76 e
50 35.67+1.53 ¢ 17.83+0.76 ¢ 46.00£1.00 b 23.00+0.50 b
100 58.33+1.15a 29.17+0.58 a 66.33+1.53 a 33.17+0.76 a
150 40.00+1.00 b 20.00+0.50 b 37.67+1.53 c 18.83+0.76 ¢
200 29.33+1.53d 14.67+0.76 d 22.33+1.53d 11.17+£0.76 d
R6 K IMFEIERSilwet-77H B i %
Table 6 Screening of the concentration of surfactant Silwet-77
CaMV35S:eGFP AhUBQ4:GUS

Silwet-77 concentra-

tion (mg-L™") Number of pogitive Positive rate (%) Number of pogitive Positive rate (%)
samples (units) samples (units)
0 25.00+1.00d 12.50+0.50 d 22.67+1.53d 11.33+0.76 d
50 46.00+1.00 ¢ 23.0040.50 ¢ 52.00+1.00 ¢ 26.0040.50 ¢
100 60.00£1.00 b 30.00£0.50 b 66.33:1.15b 33.17+0.58 b
150 77.67£1.53 a 38.83£0.76 a 80.33+1.53 a 40.17+0.76 a
200 48.00+1.00 ¢ 24.0040.50 ¢ 51.33+1.53 ¢ 25.67+0.76 ¢
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Table 7 Screening of infection methods and durations
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CaMV35S:eGFP

AhUBQ4:GUS

Infection method and duration Number of positive

Number of positive

samples (units)

Positive rate (%)

samples (units)

Positive rate (%)

Vacuum for 5 min 11.33£1.53 m 5.67+0.76 m 16.00£1.00 n 8.00£0.50 n
Vacuum for 10 min 19.00+1.00 k 9.50+0.50 k 24.00+1.00 | 12.00+0.50 |
Vacuum for 15 min 26.33+1.53 ] 13.17+0.76 35.00+1.00 j 17.50+0.50 j
Soak for 10 min 9.00+1.00 n 4.50£0.50 n 20.33+1.53 m 10.17£0.76 m
Soak for 20 min 16.67+1.53 | 8.3310.76 | 29.67+1.53 k 14.8310.76 k
Soak for 30 min 25.33+1.15j 12.67+0.58 j 39.00+1.00 i 19.50+0.50 i
Vacuum for 5 min+soak for 10 min 31.00+£1.00 i 15.50£0.50 i 44.67£1.53 h 22.33+0.76 h
Vacuum for 5 min+soak for 20 min 39.00+1.00 h 19.50+0.50 h 48.33+0.58 g 24.17+0.29 g
Vacuum for 5 min+soak for 30 min 43.33£1.53 g 21.67+0.76 g 52.67+1.53 f 26.33+0.76 f
Vacuum for 10 min+soak for 10 min 48.33+0.58 f 24.17+0.29 f 66.67+1.53 e 33.33+0.76 e
Vacuum for 10 min+soak for 20 min 51.33+0.58 e 25.67+0.29 e 71.00+£1.00d 35.50+£0.50 d
Vacuum for 10 min+soak for 30 min 54.33£1.53 d 27.17+0.76 d 74.00+£1.00 ¢ 37.00£0.50 ¢
Vacuum for 15 min+soak for 10 min 73.67+1.53 b 36.83+0.76 b 80.33+1.53 b 40.17+0.76 b
Vacuum for 15 min+soak for 20 min 86.00+1.00 a 43.004£0.50 a 90.33+1.53 a 45.17+0.76 a
Vacuum for 15 min+soak for 30 min 66.67+1.53 ¢ 33.33+0.76 ¢ 74.33t1.15¢ 37.17£0.58 ¢

F®E  JLHL IR (]I

Table 8 Screening of co-culture durations

CaMV35S:eGFP AhUBQ4:GUS

Co-culture time (d) Number of positive

samples (units)

Positive rate (%)

Number of positive

. .
samples (units) Positive rate (%)

2 38.33+1.53 ¢ 19.17+0.76 ¢ 44.33+x1.53 ¢ 22.17+0.76 c
3 80.67+1.53 b 40.33+0.76 b 89.00+1.00 b 44.50+0.50 b
4 105.33+1.53 a 52.67+0.76 a 115.33+1.15a 57.67+0.58 a
5 82.33+2.08 b 41.17£1.04 b 90.33+1.53 b 45.17+0.76 b

Y17 G ) A RHZ B [ 41DNA, @ it PCRY™ 1
TR/ E LR A B (EI3B) . ZeeGFPLE L
TUFPCRAGI, 4552 FHM:, KA A& a
eGFPHL 1 1 R R FH AR AR FFARUBQA:GUSIRZ 4L J5
A REFEAT GUS B (L I LS R, 25 SR B AR
AL (F4AA) . 3BT PCRY™ 1 H Fi K /NK) H )
B BL(EI4B). £GUSYLEFIPCRIGI, 45 H3 %
FHAE, BRI H0 5E 1Z0 8L & A7 GUS B H I % £ R BH
PEAE R . BH XS R DL K A FE R R R 3 e 7 3 o 3
() B ISR A&, T BH 1 e B U A B 448 HH 2% 77 (11 3B,
K4B).

29 WietELiL
AT b AP A P B R R AN T o PRI ) 5 R AR A A

B P A ERT FE AR IR AR, BT N T e R M {6 A 41
M) 4= fe Rk (T4 12, 2002; HiFliE%%, 2012; £
72, 2012; #RUB%5%E, 2014). &4 & RlAT g BA T IE IR
(195 4 53 R4 R0 3 A A G [ 2R TR o X e TR 7 45 5 i
2 B 8 B G 5 S S 4 I 7 R A AR 1, A7
B ERE E (T, 2012; AN, 2020).

S M ADE AR AL A AR ik, TEXT R A
e H T H B AR 7 R AR T TR A 5 1R A I R R g
FEFEAL (T7 /T4, 1999). HEapenfliGeorge (1994)
A SRAG A A B B R R LR, AT A SR AR
RIEF2 O B 2 B R (XS5, 2007; T/,
2007; B{FE%E, 2011, 2012; Igbal et al., 2012; Chen
et al., 2015; Hsieh et al., 2017; Karthik et al., 2018).

FEACAR AR AT, IR R BERAGV3101.
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A

2000 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

187 bp

B3 CaMV35S:eGFP{Z 4Ltk 5HIE

(A) CaMV35S:eGFPR 44kl 5 tr i K(a: HAEZE MBI(bar=500 um); b: 42 M5 (bar=500 um); c: FEH W1 (bar=2
mm); d: FA 1 %% (bar=2 mm)); (B) CaMV35S:eGFP1Z 4444 K PCREJII(M: DNA marker; 1: BIEXS IR AR 4t RIDNA; 2: BAPE
Xt B U HIDNA,; 3-5: 185 91334 B HEELIDNA, 3 EE).

Figure 3 Verification of CaMV35S:eGFP-infected materials

(A) Schematic diagram of fluorescence in CaMV35S:eGFP-infected materials (a: Bright-field image of regenerated bud clusters
(bar=500 um); b: Fluorescence image of regenerated bud clusters (bar=500 um); c: Bright-field image of regenerated plants
(bar=2 mm); d: Fluorescence image of regenerated plants (bar=2 mm)); (B) PCR detection of CaMV35S:eGFP-infected materials
(M: DNA marker; 1: DNA from non-infected materials as negative control; 2: Plasmid DNA as positive control; 3—5: DNA ex-
tracted from Huayu9133 materials, with three replicates).

B4 AhUBQ4:GUSIR 4eif BHgAiE

(A) AhUBQ4:GUSER Mkl v kB (a: E/NFGUSHE; b: A ZEMNGUSH; ¢ FRAEZEMIKGUSHE; d: FHAETGUSH:
o, bars=1 cm); (B) AhUBQ4:GUS/Z 441 EIPCRIGI(M: DNA marker; 1: BIPExS I AR YebtBIDNA; 2: BT HE 5 DNA; 3-5;
1EH9133MEHZHLKIDNA, 3IKEL).

Figure 4 Verification of materials infected with AhUBQ4:GUS

(A) Schematic diagram of fluorescence in AhUBQ4:GUS-infected materials (a: GUS staining of cotyledonary leaflets; b: GUS
staining of regenerated bud clusters; c: GUS staining of elongated regenerated bud clusters; d: GUS staining of regenerated
plantlets; bars=1 cm); (B) PCR detection of AhUBQ4:GUS-infected materials (M: DNA marker; 1: Negative control DNA from
uninfected materials; 2: Positive control plasmid DNA; 3—-5: DNA extracted from Huayu9133 materials, with three replicates).

EHA105. LBA4404 f1EHA101%% (# itk 6% 2003;
WETH S, 2008; £ RIS, 2019; BRAAE, 2020; XF
BESE, 2024) 0 ASFEAEAE SR LA A [ AME AR 1)3E B
WK BT ASIE, A 1 B R AE HDG) S S 4 b, 3
AL PEAR DG RE R IRV BR,  RRHEAR IR S H e
YIAn, M E A R T 5 — SE R T BEAE IR
wIEEET B AR Y40 MR D7 TR Re 0S5, HET S BustE
AL R o A IR R B DL K B 1) B AR AL 55
XoF AR AT B A A R BBURR A 2 A AR DR o R b 75 AR 4R

PORL R R 35 08 B A R M B BRI R . ASHE FE RN,
LBA4404 G PR AL BOR e t, BE LT g2
M, X 5B T R — B (Rt s, 2003; £
7, 2012). FLEFFRARES, AFARCRG— DR,
SR LR TR T 4R, i B AR AT 11 PR i S A AR G
B 2T BB AR TG AN [R5 R B A AR ] ) 2
BEIRIN (W& A 22 5, 070 ARk SR 3R B IR I ] D 3
K(Mayavan et al., 2013; Karthik et al., 2018; £ X
X, 2019).
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AHFFEH, A FF B T R B ODigoo=0.7 i % 4k 34
il X5 R0 NI FE 4 R — B 44, 2010; &
FAE 2018). ASHKEE 9100 pmol-L™ i 44 20 % Bt
(P E %%, 2011; KREZ, 2018), SAMF L RE AN
— 3 YASHRE I I (015041200 umol-L")4x i
FHIRCEAL R, S51RE)E 55 (2008) 0 7T 45 R — 2.
SRTATAFF 95 R IR 150 umol-L™" ASTEF| T-# 4k (Karthik et
al., 2018). Silwet-77:&— A HPLEERIIENA], Rel®
3 PRI I R THT 5K 7 o IXAH 455 AT B (H1 54 4E
VLR T b A ) 3 T R R, A AT
20 M P Bz ok TR o AR AT 5 P 85 3% B 11 Silwet-77
WRE 150 mg-L™", AN [ it B SR 152 e it B F) 3
T 3% M R 28 B AN A, B4 45 (2010) LA 1
(AR R A B A A TR %, 55 P 1790 T F5 1 7 U2 g
1% iS50 2 (fatty acid methyl ester sulfonate, MES).

KSR, BRI, WRME e
B 7 I AT AL, (B IEAN R, 4R
P ORI E AL G, BUREES T3
—A2 G5 3 AN SR AN [F) A AR 12 e 7 RS
ANF, B4 M55 (2010) & Bl B 25 IR AR e v 2 4R
EERCR . HE A EE R TR (R E L,
2008; Chen et al., 2015). FrFl%(2012)1f % H)
MRS B AL, R R B E ST,
— 12 Y7 SUARSHIR AN, RE 05 982> X A A (1 2E B4R
i, Z PR g T7 ARG 4 m] LLAAS [ # B S A R
BB, 12 Y0y RO 2 R R Yo7 AL R 1)
SR TR R AMEARRAL H I R R
DL SEEG 6P E 2 I 2R . TESERRM H 75 AR
BT bRk 8 5508 A AR G 07 2OR R e A 2R

SRR I8 HRAE A IR B B A R 22 R, X ]
REAZ B Z R M. RO 0 TR R T Bkt
WG WACEBEE 5 T RASIRN . ZAMEAS
& VLA T EAMESR R N, H AR BUR (R
4, 2008; IR4:H%E, 2010; B5H%%, 2011; FRFMl
&, 2012; R%ES%, 2018). BEER AWML, KM T
SEARA B Ak T 1k DA R B3 (1 B2 R AR, B RICR
AT A 0TRSO R AT A Sk A
CRISPR/Cas9#k [l 2 45 H A DL J ik 35 6 3 1) 32 A 44
FFEE, BH M B L R MR U = (Huai et al., 2024).
ST N BRI FUA B, AN 7 b A A 25 v 1) B R AT e
HUUF IR RS, B idmtii, kit

IR MR R R I L S 131

TG G FAL AR AT R B R, B AA R 4t
JIRIEE = I T-DNARE B 280 %6, 1012 e A4 4t i 1 ik
Firp, RE6% B G UK 4557 H 15 K0 T-DNA F B
SN, I H A X S T-DNA v B 58 IR
AP A RER AR B E, WK T H R
BEPICAETERNA M RIZF . IR, SHRFEE G
R A] . R EE PR . ASHR B ANt % 9% i 1) 25 (4]
T TR AL, TRk S B SR RS R SR
BHRIERE, AR FCIEFH AERE 50 SR AT A2 G
MOFEDRI A . BN/ AN, FE B B 4
R SR AT T3, RN T I 3 52 AR TR AT
BAEMEIL, NMifEmiEiE.,

AW TN AR S A REEAT IR/ 25 M5
SREG, RIAEEH 9133 2F i T K i 7 (N 97.83%);
CaMV35S:eGFP 1 AhUBQ4:GUS #4 1k, fi% i& B 1)
PR HLBA4404; 5 iE B K ODE ~0.7; ASHiE
WFE 9100 pmol-L™"; 21 i 1k 71 Silwet-77 % 58 e &
150 mg-L™"; fetEAR Y7 2 1A Al A3 155 B+
22070 B FiE BB IR [ N4 K, CaMV-
35S:eGFP fIAhUBQ4:GUS BH 1 % 43 il 452.67% Fll
57.67%. £eGFPLR A3 AT MPCRETI, &5 555
FEAE, DR 140 kL 5 CaMV35S: eGP #;
FERIBA AR IR . 2 GUSHL I FIPCRIGIN, 45 H 45
SFHME, K 1ZAM B & H AhUBQ4:GUS ) % 5 [X]
FH AR AR -

{E& STEk A=A

i KB BRI LEEERES A, #ER
SCHIRE EESC UhBhSRIR R, IR PhEhsls
BAE; BRI BRI EMIKERE: B8, *i
BT SEIRTT R B, RS L.
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Establishment and Optimization of an Efficient Peanut
Genetic Transformation System

Tingting Li, Zhiwen Yan, Yuanyuan Cui, Haosong Guo, Fangjun Chen, Qiangian Zhang, Xiaogin Liu’

Shandong Laboratory of Advanced Agriculture Sciences in Weifang, Institute of Advanced Agricultural Sciences,
Peking University, Weifang 261325, China

INTRODUCTION: To establish an efficient Agrobacterium-mediated genetic transformation system for peanuts and lay a
foundation for the study of peanut gene functions and variety breeding.
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RATIONALE: In this study, 11 peanut varieties were selected, and the cotyledonary leaflets from the variety with the
highest bud cluster induction rate were screened out as experimental materials. By screening and optimizing influencing
factors such as Agrobacterium strains, the optical density (OD) value of the bacterial suspension, the concentration of
acetosyringone (AS), the concentration of surfactants, the infection method and duration, and the co-culture time, trans-
genic plants of peanut cotyledonary leaflets were obtained.

RESULTS: The results showed that using the embryo leaflet of Huayu9133 as the receptor, the recombinant Agrobacte-
rium strains containing eGFP (green fluorescent protein) and GUS (B-glucosidase) were used to infect and transform, re-
spectively. The results showed that when the infection solution was MS liquid+LBA4404 strain+100 pmoI-L‘1 AS+150
mg-L_1 surfactant Silwet-77, bacterial solution ODgoo was 0.7, and the infection method was vacuuming for 15 min+soaking
for 20 min+co-culture for 4 d, the peanut conversion rate was the highest. The positive rates of CaMV35S:eGFP and
AhUBQ4:GUS were 52.67% and 57.67%, respectively. The transgenic plants were induced by tissue culture method. The
transgenic plants containing eGFP protein were identified as transgenic positive plants by eGFP green fluorescence and
PCR detection, and the transgenic plants containing GUS protein were identified as transgenic positive plants by GUS
staining and PCR detection.

CONCLUSION: This experiment successfully established and optimized the peanut genetic transformation system, which
provided a solid foundation for the study of peanut gene function, the cultivation of resistant varieties, quality improvement
and biotechnology research.

Fluorescence schematic diagram of CaMV35S:eGFP infection material (a: Regeneration bud cluster under the bright
field (bar=500 um); b: Regeneration bud cluster fluorescence (bar=500 um); c: Regeneration plantlet under the bright field
(bar=2 mm); d: Regeneration plantlet fluorescence (bar=2 mm))
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(BT it 20 1)
EREE/EA R
X BEFE, FFR R, AT K FARR LR AD AR AF 5 R TR ER TP, BMERET
FAEDRGG TS S F IR A EL LR T I, 59, AR IFEIERETRASRLARAS SR
FRAN . RFRANGSERN SAF, BT, 2 TFTAYWFRABRARRHFABRRTE, 2T EFRAL
B 4LK-F o9 R B A AT TR, i fad A RBR, REB AR TRBARF F§ O AHA, BAIZER
ARMER ST FAL R R, R AMAATIL A R R0 5T RHAEIH .
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