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Genetic Analysis and QTL Mapping of Sucrose Content and Fatty

Acid Components in Peanut Kernels

QIN Li"2, MO Zigiang"-2, QI Feiyan' 23, LIU Hua'-2, ZHANG Xinyou' % 3,DAI Xiaodong'-2, SUN Zigi" 23,
DU Pei> 23, DONG Wenzhao!-2, HUANG Bingyan'-2, HAN Suoyin' 2, ZHANG Zhongxin'-2, XU Jing':2
('Henan Academy of Agricultural Sciences/Institute of Crop Molecular Breeding, Henan Academy of Agricultural Sciences/Key Laboratory of Oil Crops in
Huanghuaihai Plains, Ministry of Agriculture and Rural Affairs/Henan Provincial Key Laboratory for Oil Crops Improvement/National and Provincial Joint
Engineering Laboratory for Peanut Genetic Improvement, Zhengzhou 450002; *Henan Biological Breeding Center CO. Ltd., Zhengzhou 450002; *The Shennong
Laboratory, Zhengzhou 450002)

Abstract: This study was conducted using an Fg-generation recombinant inbred line (RIL) population consisting of 554 lines,
developed from a cross between the edible cultivar Jihuatian 1 (maternal parent) and the low- sucrose breeding line W191 (paternal
parent). Multi-environment genetic dissection was performed to address the challenge of simultanecous improvement in both
sucrose-related flavor and health- beneficial fatty acid composition in peanut. The results demonstrated high heritability for all traits
investigated, with broad-sense heritability ranging from 0.76 to 0.94. Correlation analysis revealed strong negative correlations
between sucrose content and saturated fatty acids—stearic acid, arachidic acid, and behenic acid (jr|=0.84-0.93)—whereas weak
positive correlations were observed between sucrose and unsaturated fatty acids, namely oleic acid and linoleic acid (r = 0.11-0.49).By
combining bulked segregant analysis sequencing (BSA-seq) with linkage mapping, twelve significant quantitative trait loci (QTLs)
were identified on chromosomes 6 and 8. Among them, a major sucrose QTL, gSUCA06 (LOD 85.90-148.78, PVE 51.66-66.99%),
was physically localized to the 115.68-116.06 Mb interval on chromosome 6. Notably, this interval exhibited substantial overlap with
major QTLs governing three saturated fatty acids—¢gSACA06 (stearic acid content), g44CA06 (arachidic acid content), and gBACA06
(behenic acid content)—providing direct genetic evidence for the strong negative phenotypic correlation between sucrose and these

saturated fatty acids. Additionally, chromosome 8 harbored a fatty-acid QTL hotspot, in which the QTLs for oleic acid (gOACA0S,
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LOD 6.86-32.98) and linoleic acid (qLACA08, LOD 7.49-22.07) were tightly linked but displayed opposite additive effects, consistent
with the metabolic conversion catalyzed by the Al12-desaturase (FAD2) enzyme.In summary, this research identifies key genomic
regions on chromosomes 6 and 8 that coordinately regulate sucrose and lipid metabolism in peanut kernels. The findings establish a
theoretical foundation and offer concrete molecular targets for marker-assisted breeding, paving the way for the development of
superior edible peanut varieties that combine high sucrose content, high oleic acid, and low saturated fatty acids.
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Table 1 Phenotypic data and H? of sucrose content and fatty acid composition for the RIL population in three environments

SRA AR R EASTES T
PR 78 3 Parents Group family Normality analysis
Traits Environment AL 1 5 Y A rdEE  EES i £3:3 B#EM
JHT1 Wl Range Mean SD H? Skewness  Kurtosis Significance
FERE SR (%) 2024XX 7.51 2.11 1.30~7.85 4.09 1.51 0.64 -0.70 0.92 (6.30E-16)
Sucrose content 2024WF 6.03 3.30 2.38~8.59 478 1.23 0.41 -0.64 0.97 (4.04E-09)
2024TS 7.26 3.76 1.48~7.97 4.39 1.49 0.35 -0.82 0.97 (1.18E-09)
BLUP 6.74 3.16 2.05~7.30 4.43 1.21 0.92 0.5 -0.83 0.94 (7.59E-14)
MR EE (%) 2024XX 33.01 39.04 18.55~50.52 32.07 4.06 0.29 0.86 0.99 (3.44E-03)
Oleic acid content 2024WF 30.29 35.00 25.87~53.57 36.49 3.6 0.36 1.20 0.99 (7.30E-05)
C18:1 2024TS 32.94 41.73 22.33~53.28 34.55 457 0.08 0.35 1.00 (6.70E-02)
BLUP 32.62 37.76 27.21~47.22 34.38 2.59 0.77 0.19 1.06 0.99 (3.25E-04)
TR SR (%) 2024XX 47.05 37.80 29.81~56.23 46.07 3.49 -0.35 0.84 0.99 (1.52E-03)
Linoleic acid content 2024WF 49.32 42.92 27.42~52.89 42.82 3.20 -0.46 1.40 0.98 (4.00E-06)
C18:2 2024TS 45.71 37.39 27.41~57.17 43.90 3.75 -0.06 0.77 0.99 (4.32E-02)
BLUP 46.78 40.29 32.09~50.91 44.26 2.41 0.81 -0.33 0.89 0.99 (3.08E-04)
R & (%) 2024XX 13.39 12.77 11.41~15.97 13.85 0.64 -0.03 0.5 1.00 (1.30E-01)
Palmitic acid content 2024WF 13.71 13.07 10.66~14.69 12.75 0.59 0.14 0.54 0.99 (3.23E-02)
C16:0 2024TS 13.49 12.23 10.28~16.37 13.11 0.84 0.05 0.12 1.00 (1.34E-01)
BLUP 13.46 12.81 11.43~14.60 13.23 0.45 0.76 0.03 0.28 1.00 (1.64E-01)
TERER & & (%) 2024XX 3.11 4.81 2.67~6.31 4.44 0.62 -0.19 -0.18 0.99 (6.30E-03)
Stearic acid content 2024WF 3.93 4.43 2.55~5.35 4.03 0.55 0.02 -0.36 0.99 (3.04E-02)
C18:0 2024TS 3.52 3.99 2.13~5.85 4.10 0.67 0.12 -0.39 1.00 (1.09E-01)




BLUP 3.61 4.38 2.95~5.42 4.19 0.48 0.86 0.00 -0.42 1.00 (1.19E-01)

AT E (%) 2024XX 1.11 1.69 1.06~1.89 1.49 0.16 -0.37 -0.50 0.98 (1.97E-07)
Arachidic acid content 2024WF 1.33 1.69 1.08~1.78 1.44 0.14 -0.24 -0.48 0.99 (4.68E-04)
C20:0 2024TS 1.29 1.68 1.07~1.94 1.54 0.16 -0.34 -0.45 0.98 (4.00E-06)

BLUP 127 1.67 1.14~1.76 1.49 0.13 0.91 -0.42 -0.51 0.97 (1.58E-08)
A mmREE (%) 2024XX 0.68 0.61 0.16~0.99 0.56 0.13 -0.07 -0.04 0.99 (5.72E-01)
Eicosenoic acid content 2024WF 0.54 0.57 0.30~1.08 0.66 0.11 0.01 0.16 0.99 (4.01E-01)
C20:1 2024TS 0.65 0.74 0.08~1.09 0.66 0.14 -0.18 0.37 0.99 (7.31E-01)

BLUP 0.62 0.64 0.39~0.89 0.63 0.08 0.76 -0.21 0.23 0.99 (2.79E-01)
WhwRE & (%) 2024XX 1.46 2.53 1.40~2.71 2.10 0.26 -0.38 -0.32 0.98 (5.00E-06)
Behenic acid content 2024WF 1.62 247 1.24~2.60 2.01 0.23 -0.46 0.09 0.99 (3.00E-05)
C22:0 2024TS 1.69 2.58 1.49~2.86 2.24 0.25 -0.38 -0.15 0.99 (4.30E-05)

BLUP 1.62 2.50 1.47~2.66 2.11 0.22 0.94 -0.49 -0.16 0.98 (2.43E-07)

2024XX: JEEHT 2 T E KA E ML b iR, 2024WF: 1L ARG HES TR RHSR SR ; 2024TS: b8 it s N BLUP: LRI M
2024XX: National Innovation Center for Bio-breeding Industry Experimental Base, Xinxiang city, Henan province; 2024WF: Modern Agricultural Science and Technology Demonstration Park, Weifang city, Shandong province;

2024TS: Youzha town, Tangshan city, Hebei province; The same as below; BLUP: best linear unbiased prediction; H?: broad-sense heritability
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Fig. 1 The phenotype, frequency distribution, and correlation coefficients of sucrose content and fatty acid composition for the RIL
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B, ZXEEEEE T ZNEKEEMETRN QTL 74, WiEMIEK % & (¢gSACA06, PVE:
20.78%~40.83%) . feAEFR & & (q4ACA06, PVE: 41.77%~52.34%) . W& & & (¢gBACA06, PVE:
36.23%~43.95%) LARACAEIGIR S & (QEACA06) o 1X—) 1z HE & 5 H1 \BF| A [F — RIL B4R E AL 10FF
CESMEER QTL XM ES, MEGRA 1ML ey, RYNZX RRA /R E — AN IR IR
] SACH AL “ 2Rk SRR R BOR T, P RIS MR AR B Tl DA B IR TR 1 45 A

TRAARRE TR IRITR & B AR QTL, JEMMA M QTL #%. H—ALT 38.58~39.22 Mb [X
8], A& TR RS B QTL gSUCA08 (PVE: 7.89%~21.27%) Fl1LI#il&2 & & QTL gBACA0S-1. L —
WAz T 45.52~47.39 Mb B RFEFE N, TR 1T — MR S AR X, i X A TR & & QTL gO4CA08(PVE:
5.66%~11.50%) . TLiliEZ & & QTL gLACA08 (PVE: 6.17%~16.72%) . t#HiMR & & QTL gPACA08 (PVE:
7.77%~8.06%) F 1l SR & &1 5 — > QTL qBACA08-2 S35 EW A EHAAFRIEMSE, qOACA08 5
qLACAOS ZNiAR e H &% 3 An, X5 CRIA12-ZEAIEE (FAD2) SR 55 W i B AH B 4% AL A Bl 2% 1 4%
HLERAR B4, HEoRiZ% X I8 AT REA7 70 VA% C 18 ANV AN AR 0 IR 44 ) S B a4 IR 7«
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=R 2RIL BT CERES ERIERERE S S EM QTL EfL

Table 2 QTL mapping for seed sugar content and fatty acid composition content in RIL population

RN 2824 FEFRE Arid RIUBRMIREE (%) I RoR; YEALE (Mb)
Traits ot Environment Left marker Right marker rop PVE Add Physical position
RERE & & qSUCA06 2024XX Tif2.A06.115680092 Tif2.A06.116062484 87.03 52.26 1.10 Chr.06:115.68~116.06
Sucrose content 2024WF Tif2.A06.115680092 Tif2.A06.116062484 85.90 51.66 0.91 Chr.06:115.68~116.06
2024TS Tif2.A06.115680092 Tif2.A06.116062484 148.78 66.99 1.22 Chr.06:115.68~116.06
qSUCA08 2024XX Tif2.A08.38582892 Tif2.A08.39227100 3.26 7.89 0.30 Chr.08:38.58~39.22
2024WF Tif2.A08.38582892 Tif2.A08.39227100 4.19 9.34 0.28 Chr.08:38.58~39.22
2024TS Tif2.A08.38582892 Tif2.A08.39227100 11.37 21.27 0.46 Chr.08:38.58~39.22
FRAA R & i qPACA08 2024XX Tif2.A08.48164681 Tif2.A08.49213883 9.94 8.06 0.19 Chr.08:48.16~49.21
Palmitic acid content 2024WF Tif2.A08.49524078 Tif2.A08.50136465 7.49 7.77 0.21 Chr.08:49.24~50.13
C16:0 2024TS Tif2.A08.50136465 Tif2.A08.50540079 10.05 7.93 0.17 Chr.08:50.13~50.54
TH IR 1 i gSACA06 2024XX Tif2.A06.115680092 Tif2.A06.116062484 27.47 20.83 -0.32 Chr.06:115.68~116.06
Stearic acid content 2024WF Tif2.A06.115680092 Tif2.A06.116062484 27.43 20.78 -0.26 Chr.06:115.68~116.06
C18:0 2024TS Tif2.A06.115680092 Tif2.A06.116062484 66.72 40.83 -0.40 Chr.06:115.68~116.06
MR & i qOACA08 2024XX Tif2.A08.45529685 Tif2.A08.46571311 32.98 11.44 -2.11 Chr.08:45.52~46.57
Oleic acid content 2024WF Tif2.A08.46571311 Tif2.A08.47394178 14.38 11.50 -1.58 Chr.08:46.57~47.39
C18:1 2024TS Tif2.A08.46571311 Tif2.A08.47394178 6.86 5.66 -0.85 Chr.08:46.57~47.39
P R 1 i qLACA08 2024XX Tif2.A08.46571311 Tif2.A08.47394178 14.50 11.86 1.29 Chr.08:46.57~47.39
Linoleic acid content 2024WF Tif2.A08.46571311 Tif2.A08.47394178 7.49 6.17 0.79 Chr.08:46.57~47.39
C18:2 2024TS Tif2.A08.45529685 Tif2.A08.46571311 22.07 16.72 1.44 Chr.08:45.52~46.57
AR qAACA06 2024XX Tif2.A06.115680092 Tif2.A06.116062484 69.54 43.54 -0.10 Chr.06:115.68~116.06
Arachidic acid content 2024WF Tif2.A06.115680092 Tif2.A06.116062484 65.84 41.77 -0.09 Chr.06:115.68~116.06
C20:0 2024TS Tif2.A06.115680092 Tif2.A06.116062484 91.76 52.34 -0.11 Chr.06:115.68~116.06
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qAACA08

AR & & gEACA06
Eicosenoic acid content
C20:1
e R & & gBACA06
Behenic acid content
C22:0

qBACA0S-1

qBACA08-2

2024XX
2024WF
2024TS
2024XX
2024WF

2024TS

2024XX
2024WF
2024TS
2024XX
2024WF
2024TS
2024XX
2024WF

2024TS

Tif2.A08.44072881
Tif2.A08.44072881
Tif2.A08.44072881
Tif2.A06.115680092
Tif2.A06.116245745
Tif2.A06.116245745

Tif2.A06.115680092
Tif2.A06.115680092
Tif2.A06.115680092
Tif2.A08.38166923
Tif2.A08.38166923
Tif2.A08.38582892
Tif2.A08.45529685
Tif2.A08.46571311
Tif2.A08.46571311

Tif2.A08.44888621
Tif2.A08.44888621
Tif2.A08.44888621
Tif2.A06.116062484
Tif2.A06.116449267
Tif2.A06.116449267

Tif2.A06.116062484

Tif2.A06.116062484

Tif2.A06.116062484
Tif2.A08.38582892
Tif2.A08.38582892
Tif2.A08.39227100
Tif2.A08.46571311
Tif2.A08.47394178
Tif2.A08.47394178

8.11
8.10
10.83
16.87
8.70
8.06

62.65
51.84
74.30

3.70

10.06
16.17
13.79

7.48

4.28

-0.03
-0.03
-0.03
0.05
0.04
0.03

-0.15
-0.13
-0.16
-0.03
-0.03
-0.05
-0.07
-0.06
-0.04

Chr.08:44.07~44.88

Chr.08:44.07~44.88

Chr.08:44.07~44.88
Chr.06:115.68~116.06
Chr.06:116.24~116.44
Chr.06:116.24~116.44

Chr.06:115.68~116.06

Chr.06:115.68~116.06

Chr.06:115.68~116.06
Chr.08:38.16~38.58
Chr.08:38.16~38.58
Chr.08:38.58~39.22
Chr.08:45.52~46.57
Chr.08:46.57~47.39
Chr.08:46.57~47.39

PVE: Phenotype variance explained
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3 Tig

AR SR (SRR SHEIERAMR (e s R SN R0 FAEA T & .
T P 2 R KT 38 4 Ty M OGRE IR o VRONSBNT — 38 (8] (R A% ORI B 4 TR 6, R RBCU T
Fhserh “ K" 5 AR MRRME AP A o R IX — RN G . AR T A B R Fe A, EZI
Bkm N RG R TR S 2R R BRI 5 2 R AR R KA R R BB LAY, AR SR
PR ) 2 R AR L T RIS B S PR

AT N BEF 18— R R B S B SR RS & B2 ) 2 B3 SR OG0 AR FE e B kAt bl — 2Bk
ATARORHE I, RIIX — Ak FAH S SR B kA RE R & B SR MR . 6 A WRR L i T 5 MR A i U 1
B R FSRZ FARRHE (ri=0.84~0.93) FTSKZN: A RS BS FEAWAMENER GHER S &, Wi
W& i) U S B AR M (1=0.11~0.49) o FIREE AL 1 X6 A KFA o fig AR - AU S e 2 1
WiR. CARFFIRM, TEANFAT RN & & 1 22 B PR RO e, i fi s 2 & 0 AR N PR R 3,
FAERADKT ERPLEE 1 GAHOE . AR FEAIAE T X Fpa ks, SR AR SCHE fua 3 i R <5
W7 4818 TR E UORIRIIIR 7 A0y . KRR AAH M AT BEVE TS A I IR URTE RERE & At 5
JeWiR R RERE— B K B AR DT RR (M B0 1A & U MUK AE I SE 4+ M . S ILFINS,
WA R IR A IR & 5 55 2 BRI Iy R B 22 I H (S TEAR DS BOE AL P DGR, TR R A
PRBRIEEN A SIS 5N, AN IF) SRR AR I & T A — e R FE AR, SO PE AR T 38 % 1 T I Bl B BT
“RTTERE IR RRMERY  XUBRAEE R BUTEAR BRI ER AL 1R AT I8 A

Y NIBAL 5 SR TR AT BERE & 2 S5 IR R & SR BRI I FE DR ER, X AH G QTL A7 sl AT TG 4.
KBTS T HET R — RIL BEARORT & & QTL L8R, i Fuil i it (40 /> myihi Al 40 MK
HZFEF) [ BSA-seq 7747, 7E 6 51 8 S Yetafh b pTh e i $) 5 2 F bR 0 &b & ¥ 32 QTL X [a)B3),
H “Fh” B R m B CARARRERE” R HBLR S AHE R R S R R R B UG
(it e — 30 SRRIRER TR RERE & & 5 il e AR B2 A7 AE R 7 T st A Db . 7E BEBEAtE b,
AW CIE R 2 IS A0 QTL s, (EAH R G o fdk b % 5e 7 # iR BE B & &1 3220 QTL (gSUCA06,
gSUCAO08FNZ AR TR 41 53 (1) 88 QTL ABAFIEE B2, A7 T 6 5 JL 44 115.68~116.06 Mb [X [ [ gSUCA06 -
gSACA06. qAACA06 5 qgBACA06, HHTIAWEFLH &l E 4L QTL X & EES . XS E. &
il K 2 AR IR 4> & & QTL 7E 5 RS & XIS L B IR, Mk T — A e B IR
SR ZUIE 7R X B VT B A7 R AR B IR 20 i S AR N 2% 1 “ 2 2000E” OSBRI BOm i o). Ah, ARH AL
B TR QTL AL 24N 5 T B B AR DO T HENE & 552 2 B DR Pl HL L m gt A% 1 I 45 1 A0 ELETAIE, 3k
—PUESE T A A RIL BEAREAT AR G MR EAL AR AT 1 P S P AN AR e 1
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TIAhs 8 T G ARAE AT A p I 0 IR 0T R 2 23 Y 2 ) RO AR ARFAE - 5 AL IR & B QTL gOACA08
HIHER & & QTL gLACA0S B8 HIB L BN 7 A B, 1X 5 TN ATl R 2 S AN R 7 & e AR B
RTR-F= 5 AR, B EA12-MIEREMANEE (FAD2) g JH R0 3 R H L5441 5 S A F2 L o) — B0,
{H 5 5 DUEBTIE T KRBT REVR, 7E A03. A09. B09 Z5yetafk b %52 I 1 Rl Fe i MR AR IR & & iR
B MRS RAR RN PR ALRANE, AHEUAE 8 Stk EAG R ITER L > & R QTL L
MRS &, WS BRI S &, HliRS & QTL q0ACA08 MR AL F R (5.66%~11.50%)
AT CARIE 1 FAD2 2800 5o BEFp 22 53 R R T 18 A% 1 SRR AR ek, AR SR 2« i EE R <K
REWE” RIL B4R, AT 28V E LTI B RBE: EA 7 EFIIAR, QTL 5E RLAH L4 JE BRI 4 G 1k 43 #r
70 JR R IR AL G5 A AT O RURE G I, QTL SR HARTEAE 2 57 . IR Lu 4t IL [ 2 B 1646 g i
FRZH 3 AR QTLARIC AL 58 O S S5 AR S AA 16 W R M B AR, D70 F AR ICEAN [ 8t 4% & R A
A RN R L T S

AW TR R I, 1A EE T ) — A 4 B i TRt (BSA-seq) 52 L R IR I & B S X ] (A06:
109.32~118.43 Mb; A08: 37.51~51.53 Mb) 331, 55 2AHF 7R AR~ BERE & B Al i VR Tt 32 A2 21 ) A06 (ChrA06:
115.68~116.06 Mb) 11 A08 KEKE SEM X I FAFAEE & . JUHAE A06 H B [X 8] VTR 31 5 i ot % is AH
FMIThAEIEN, AR ARG E L — T BefEAR T GIRT IR IR & ) AR5 RERE AR SRR R 20 Pl it A2 v L
A R PB4 I SCB  F hr m ARE PRBR A TR IN AR R A A9 5 St AT 4 e AL AN T e S L o

i EPTR, AWEFAEREE RIL BEAE T, RGUENT TR RERE S 85 2 PRI RR AL 7 2 18] (2 B ORI
AL &% QTL HIg X, Bk 164 i s Mot B o) 250 R % 20 F LR AL TR OIESR , RS e i — &R %1
S e W R/ T R K R AR LA IR D R H AR A TR L BN QTL Az s, eI 6 St fk b
gSUCA06-gBACA06 FLIX (8] . ZIX B IR NG SETT R DIRerRic . HBIAEAE mre bl . IR MR i I 2R AR 2 & 1
WRPFIAT BRI E AR X 8 S Y tufh LRI KA & 7 QTL gOACA08, FAFHABAEAH M, HTE
R 8 I A ALIC N R RE N U R OO R R B S R R AR I o TR B AL B4, 6 SRk b
qBACA06 VE— N RAVE R 28 . ZIRBRRaE AL a5, X A 1L R S R v RN R iy 25 8 B B B
IVASER: AR

AR FEARAFI QTL/ AR ic (4R 5P 5 20N K /N A B S P8 A5 1 SO, TEARSRI B AN R, B
TAEARFEBR . 23R8 T XX 88 QTL fIAR & M AN A7 B D A HEA T JE— B IOAE AN o R — D IR NH 92 B
AR . RSS2 2 22 LI REIE F B, F%e 6 SR gSUCA06-gBACA06 [X[A]. 8 5 YLti A
WL QTL %, RGUMNT R4 M 2% IS 25K 5 50 WL, D6 A AU R it R 14 73 - e T 7 b B B
IR S R SR
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