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Abstract: Development of ultra—high—oil (>58%) cultivars was expected to improve peanut industrial efficien-

cy, and to enhance market competitiveness, and also to ensure national edible oil security. In this study, we devel-
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oped a recombinant inbred line (RIL) population consisting of 305 lines by crossing 2 elite high—oil parental lines as
Zhonghua 12 (oil content 57.14%, containing introgressions from wild peanut species) and Xuhua 13 (oil content
56.16%, a widely cultivated variety). Seed oil content among 305 lines ranged from 50.54% to 60.89%, exhibiting
broad variation and transgressive segregation. By using a major gene plus polygene mixed inheritance model, genet-
ic analysis results indicated that oil content inheritance followed a four-major—gene partial equal-additive (4MG-
EEA) model. From the RIL population, we identified 66 high—oil lines (oil content >58%) and evaluated them con-
secutively for 3 years (2022 - 2024) in Wuhan. Among them, 10 ultra—high—oil lines maintained oil content above
58%. Multi—environment testing included 4 representative ecological regions: Dehong (Yunnan), Shijiazhuang (He-
bei), Wuhan (Hubei), and Kaifeng (Henan). Results revealed that line QT0531 exhibited high oil content consistent-
ly exceeding 59% (mean 62.05%, up to 64.18%). These findings demonstrate that strategic hybridization between
genetically divergent high—oil parents could effectively pyramid complementary high—oil loci, providing both valu-

able germplasm resources for ultra—high—oil cultivar development and foundational materials for gene discovery re-

search.

Key words: peanut; oil content; inheritance model; ultra-high—oil germplasm
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Fig. 1 Phenotypic distribution of oil content in RIL population
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Table 1 Genetic models for oil content analysis in RIL population

B B RIS o B AlC
Model Log_Max_likelihood_Value

TCERLFEH OMG -660.7837 1325.567
LXF FRGEHE - nPE 1IMG-A -660.5336 1327.067
2% FRCEE k- E A7 2MG-Al -660.5444 1331.089
25%F FROE A -k 2MG-A -660.3961 1328.792
2% FRCEE SN 2MG-EA -659.2426 1324.485
250 FRHE R - M A7 2MG-ED -660.5884 1329.177
256 TR P -t 7 2MG-ER -660.791 1329.582
2% BRI - FnfEH 2MG-AE -660.5914 1329.183
250 R - HEAMEH] 2MG-CE -660.3685 1326.737
2% BRI - EBMEH 2MG-DE -660.5802 1327.16
3% B -t A Pk 3MG-AL -660.5911 1339.182
3R E R - 3MG-A -660.1731 1330.346
3% F R K-S I 3MG-CEA -658.3315 1322.663
3% FEROE K -84 I 3MG-PEA ~654.9454 1317.891
4% FRGEHE - JinPE- FA M 4AMG-AL -655.6527 1351.305
4% F AL -5 4MG-CEA -652.3152 1310.63
4% F RO -4 55 It 1 AMG-EEA -648.9458 1305.892
4% FROEE - 5345 M 2 4AMG-EEEA -653.3964 1314.793

®2 RMBEERENESHRRRBEESHMIT
Table 2  Suitability test and estimation of genetic parameters in 4MG-EEA model

sl AMG-EEA
U1? 0.0039 (0.9499)
U2? 0.0142 (0.9051)
U3? 0.0546 (0.8153)
nW? 0.0129 (0.9999)
D 0.0247 (0.9922)

FHEH TIPERON da
FFEH 2 RN db
F I )7 22 Mgjor—gene Var
TR K 15 %R Major—gene heritablity /%

1.18
0.90
443

98.90

U112, 02% U3% B ) VRS H6 s n' W2 : Smirnov K5 56, D, : Kolmogorov it d

Note: U1%, U2?, U3% equality test; nW?2: Smirnov test; Dn: Kolmogorov test
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Fig.2 Correlation analysis and phenotypic distribution of oil content in 66 lines across different years
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Table 3 Information on hundred seed weight (HSW) and oil content of 10 lines and parents

P F{{- 5 HSW /g it Ol content /%

Line Mean+SD 2021 2022 2023 2024 A FEUCV 1%
QT0331 84.19+8.60 60.83 57.30 56.81 58.21 3.07
QT0348 70.28+8.34 60.47 58.36 59.48 56.60 2.83
QT0376 56.18+1.58 60.89 56.33 62.37 57.65 472
QT0390 94.78+7.82 58.72 59.61 58.59 57.07 1.81
QT0393 64.28+9.97 60.29 58.73 55.73 58.68 3.26
QT0430 77.32+10.85 60.88 56.95 59.14 59.24 2.73
QT0447 82.16+10.84 60.29 59.61 63.00 58.69 3.08
0T0502 93.79+19.22 58.40 58.68 57.23 59.36 1.52
QT0531 93.84+10.74 59.56 58.95 61.01 62.76 2.80
QT0591 101.26+16.02 59.01 55.57 59.02 61.98 445

4E13 XH13 99.10+8.47 57.14 56.57 55.21 56.42 1.44
FAE 12 ZH12 75.039.05 56.16 54.17 54.64 54.34 1.66
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Fig. 3 Seeds of the excellent high oil lines

FEA, B 2R 2% 0 R 10 SR A 24 32 1 i 3 HE T i
A6 A5 SR AR T ROR o ASHIF ST R v R e A
12(FEPAEF RS MIAIRAE 13 XA T
HH A RBEAR, AT S I, 45 R R B RIL
BRSO A5 2, A& 50 E Oy 50, 54%~
60. 89% , LA MEAR S o ] Wil id SRR g R R
7 P 1R H SR AR 2 58 R RIL FER RE S A1) 15 H He 2%
AEMmEEENERERME . BT HRERER
AR FR LK 2021 4R 0 BE 15 E 1Y 66 4 = TR R 4k
SERPAE , 2858 2022-2024 FE L2 3 AE SRR e A RS
T 10 F M EEE T 58% MR R . N &
PER E AR, FARIAES XA 100 ElE &R,

44 h ERREH AR
Xuhua 13 Zhonghua 12
E3 MEmsmEREER
ab a b ab
64 )
[}
[ ]
01 o o o
5 oo
I £ eQe
EH 2 56 °
4 € °
- [}
52 A °
[}
48 T T T T
& »{’/ﬁ? \@\”& *5;‘\%
5 g 2 K
7
{Oﬁff

AR/ NG FEFR2E R B (P<0.5)
Note: Different lowercase letters indicate significances at 0.05 by
Tukey’s multiple comparison test
4 FAERETEBARHESHE
Fig. 4 Oil content of high oil peanut lines under different

environments

S S T A AR R kN R E AR g 1
T N BF IR BRI 2 R 445 015 5
B AR R A A i B AE A R T 4
T B T AR i A R R B AR AR L 4 A gk aih R )
b iR AR A Tl T 58 4 0 45 D5 T AT R
SCo A g T R B AR AR i R A IO SR Y

RIS RS XS i A E 25 55, Uk I 3Tl i 32 34
Be A 28 B 152w B KR 5 R R A A HAR AL
N ARRREAFESZX T RIRE, W
QTO0591; A R RIEN HAES X & & T HALAR
X, FEHA AR 2 R I 22, BT i % &R L3 I Ay
FEIREE, W1 QTO502 78 MU~ A= 28 X T B A% sl K, i
FEAE 2 IAEE T Erim A 5 R, U R AR T 1 1
FRVFRE BT, S BRSO 5 = o
IE . 38 ik % IR AR — I A AR (R S RN
2. 85%) H & &8 60% MR £ (QT0531) , 7E 4 4
B A5 62. 05% , i 7] ik 64. 18%, 1%
T T YF BT 1% 2 A AR A SR T R T B R B T
St o v I AR BT A & i AR AT DAAEE Bl A8 A B

64
[ ° %
60 4 ° o JF# Kaifeng
s 1, % °e ., o .
= ; i e
E % 56 l J._ J_ o fHy: Dehong
<t € J_ °
=) . ° o ¥ Wuhan
Fi %)% Shijiazhuang
48 T T T T T T T T T T

N N N
g TS
E5 SHREADHRETSHENBEEEST

Fig. 5 Stability analysis of oil content in high oil lines under different environments

NS
&L
S



3P AR A < AE A I RIL R 9 55 il 3842 20 Hr - et ol 21 45

F 58, S5 B SRR e A i 2 5 .

I I R AR AR Ok S S B BRI B
T R 0 35 A R S BT R T i T A R R
LRl B RIL A & i MR A7 8 1L
BRI BT, R AT G 2 % 2 SR+ 2 3
LAY s Zhang 520 RIL B 55 i 2 A9 38 AL 455 75 4 My
FEW, S A2 2 Xk D T A+ 2 RE R R
o 22 35 PR 3 £ SR i 5 B 56 R SRR [ A 2
TEMR % i i R A TR A AR AT, & B il i A7 2
XF 2 B PR A S5O 5 ) 5 U SR AN A
(1) F2 BF A B i i A T s AR AR 2 H , 6 NALB  l
P 3P AL AR s AU IR A5 4 28 se A TR AR
TR0 S5 I B A7 SR R + 2 S AL 0, K BE 2
XA A 32 10 FFER AR, 5 b 2 X A 52 2 5
il o AR AR P AR TR T I+ Z SRR
AL AT A SEA v2. 0 X RIL BEAAR (9 5 ol i Pk
ARFEATIHT . G5 R0, RIL AR S 32 4 % 3=
FEPH 555 43 IR 0N 5 M) L 3 5 AT ABFIT A RN K
— 3. AIUL, O R A R e, Al i A
B 27 R[] 21 A RO ot AL 15 5 25 52 AR R AR
SO, AR SE PSR AR S Sk A R, T RE S AN )
PEEE A RS AT R R I R AR T
8 2 2% 5 1) 1 AR 2 AR 4 2 A A 1) E AR A T 3 AL
BEA S AT, 3% P B A2 i AR F 9% % B0 il 2 ey 4 %
TR S AT A2 2 0 T R 45 R A — 3
MR . ABFSEE T 2258 3k T —H B s
S e T T, U B O Y B A [ B B R S
B, FBUR R R R B AR R A 3E RS
BB, AR R 60% R & L X i L
BRIy HT 32 20 R ROGE AR R & o Bl i
TR A3 BT, ASA R A6 A 5 Tl B P R E e i 4
Ry 35 PR B4 S

4 Hib

AT T — il e B R T A BT QT0531,
HAE R R A2 X il R 62, 05%, de i
H64. 18%. % RIL B AE 1S 5 T 19 & i i 7 fig
F 4 %) RO R

5% 30k

(1] HEFR4iE. 2024 PESHELE M)/ dbat: hES
T L, 2024,

(2] Jrde, xUmsee . & = I RME Y 7= a8 1 T i I8
[J0. A b kR 9 2 ], 2025, 47 (2) @ 243-259.
DOI: 10.19802/j.issn.1007-9084.2024294.

(3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

B . T EAE A A 7 R R BUIR S5 W T [T ).
OB FE B 2% R, 2020, 42 (2) @ 161-166. DOI:
10.19802/1.issn.1007-9084.2020115.

BB R . TR LA AL P BUR B SE 4 150 M [0 ). op b
Ak, 2025 (4): 196.

RITE, ZEHME, TEE, 5. RE S WL T
Tk R [T]. e 22 i, 2018, (3) : 25-31. DOI:
10.16035/.issn.1001-7283.2018.03.004.

B, Tk, 2R, 4 A RIL #4656 b 8 ih
FIARPUE AR R AR B A L) B,
2010, 36 (8) : 1296-1301. DOI: 10.3724/SP.
1.1006.2010.01296

R, WO, T, 5. ASRANMSE M E £
S+ Z PR A ARV [ T]. Wil 24,
2025, 37 (4) : 745-753. DOI: 10.3969/j. issn. 1004—
1524.20240262.

ot A IRAPIR, S5 RO SR M IR
FHH + Z B PRNR G SBR[, AR R E
2, 2022, 38(10) : 148-158. DOI: 10.13560/j. cnki.
biotech.bull.1985.2021-1606.

WeAE g, THIZE, bl &5 /N A DGR
SE DR+ 22 3 Rt AL BB 3 b (D). mE ARl 2 4,
2023, 54(4): 1002-1009. DOI: 10.3969/j.issn.2095—
1191.2023.04.004.

Wik, B, ZFHr, & Wk Bk I+
ZILRAL AT 1], i E RS R, 2022, 38 (30):
14-20. DOI: 10.11924/;. issn. 1000-6850. cash2021-
1155.

LR, JRaIL, S/ R, SF KRB E RS RR
1) R+ 2 R st T L ). VR =AR, 2021, 47(7):
1215-1227. DOI: 10.3724/SP.J.1006.2021.02057.
ORI, BEmAr, BE, S G AR RERE A g
BRI B (). FEM 247, 2024, 50(1): 32-41.DOI:
10.3724/SP.J.1006.2024.34050.

KET, KH A, INFUE, S RGeS I AR
JE T IR 8 AL A R A3 B (0], b = IhORHE W 22 4,
2021, 43(3) : 573-581. DOIL: 10.19802/j.issn. 1007~
9084.2020247.

BFHM, KT, BRAIN, S EDERRE TR
FEHERI]. A FAEYE R, 2017, 15(4): 1445-1454.
DOI: 10.13271/.mpb.015.001445.

LEIF AT/, TXE, 55 B A b IR R R
TR &5 % L] b EhoRHME #1244, 2010, 32
(1): 30-34. DOI: CNKI:SUN:ZGYW.0.2010-01-008.
EXH e . AL AR B S SSRARIC Y I AT (D ).
dbmt s v B/ Aol B} 2 Be AF 5T 4E Be . 2011, DOL:
10.7666/d.Y1932531.

TYER, AR, AREE, 5. Bua R 323+ Z A
IRA BAL AT RAAF41 SEA v2.0[ T . 1EW 2441, 2022,



46

Vi ERR AR

2026,48(4)

[18]

[19]

[20]

[21]

48(6): 1416-1424. DOIL: 10.3724/SP.J.1006.2022.14088.
BAATE . LT RE WL AT 50T 3 OB B
2R H AR BT SR IG FIME (T ], o B DRMEY) 4R, 2024,
46(1): 1-6. DOIL: 10.19802/j.issn.1007-9084.2024051.
SRR, fEdh, BB, SF . B AR AT BT A i
(gL A& M [0 . A4 2741, 2018, 47(4): 7-12. DOT:
CNKI:SUN:PEAN.0.2018-04-002.

Zhang X Y, Zhu S J, Han S Y, et al. Inheritance of fat and
fatty acid compositions in peanut (Arachis hypogaea L.)[]].
Agric Sci and Technol, 2011, 12(7): 943-946, 974. DOI:
10.16175/j.enki.1009-4229.2011.07.014.

BERE, ERUK, B, 55 fE EE A BT
AR SR+ 2 5 PR BB 0 A7 () ). VTR AR

[22]

[23]

%%, 2025, 53 (1) : 157-163. DOI:
issn.1002-1302.2025.01.022.

FUVE, Z2EF, BER, 5. ZRHEMT S e
KA B & a8t % &y (0], b =T oRkVE B 22 4,
2021, 43(3) : 487-494. DOIL: 10.19802/j.issn. 1007
9084.2021058.

Fride, 4= Ko, PR, 458 . feA & il 2e Fh pn 2
FEIR e LR + 22 FE R B o3 B (1] Bl R
2, 2009, 42 (9) : 3048-3057. DOI: CNKI: SUN:
ZNYK.0.2009-09-006.

10.15889/.

(DTG 3822 22)



