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Abstract: Peanut oil quality is largely determined by its fatty acid composition; therefore, improving the fatty acid profile is a key
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objective in peanut breeding. Here, we used a recombinant inbred line (RIL) population derived from the cross Jihuatian 1 X
PI1478819 to map quantitative trait loci (QTLs) for total very long-chain fatty acids (TVLCFAs) and seven individual fatty acid
components across two environments, using a combined strategy of BSA-seq and conventional linkage mapping. Based on the
major QTLs, we developed kompetitive allele-specific PCR (KASP) markers and validated them in the RIL population. In total,
seven QTLs associated with TVLCFAs and the seven fatty acid components were identified. Three QTLs (¢406.1, g408.1, and
qA16.1) were consistently detected in both environments and co-localized for TVLCFAs and behenic acid content, explaining
7.10%-32.85% of the phenotypic variance (PVE). Notably, g408.1 was also associated with oleic acid, linoleic acid, and palmitic
acid contents in both environments, with PVE values of 13.73%-29.33%. The markers Tif2.A06.115805462, Tif2.A08.45741511,
and Tif2.A16.148167815, developed for these three major QTLs, effectively distinguished lines with contrasting levels of
TVLCFAs, arachidic acid, and behenic acid. In addition, Tif2.A08.45741511 was closely associated with oleic acid, linoleic acid,
and palmitic acid contents. Overall, these results provide useful genetic resources for breeding peanuts with low TVLCFAs and high
oleic acid content and support accelerated marker-assisted selection for high-quality specialty peanut cultivars.

Keywords: peanut; fatty acid composition; total very long-chain fatty acids; BSA-seq; QTL mapping
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Table 1 Phenotypic variation and genetic analysis of fatty acid contents in the parents and the RIL population
AR RIL ffA
[N Parents RIL population
Trait puarsso  JHERE 1S BOME RRME THE WREZ WE E BED
JHT1 Min. (%) Max. (%) Mean (%) SD (%) Skew. Kurt. H
iR Oleic acid 34.46" 29.50 22.61 42.79 31.09 3.05 0.56  0.75 0.81
W 7M PR Linoleic acid 42.15" 48.85 36.97 53.55 46.51 271 -0.48  0.18 0.82
FEMH R Palmitic acid 12.71° 13.79 11.71 14.88 13.51 051 -0.56  0.76 0.79
f IR M2 Stearic acid 5.04" 3.21 2.23 5.68 4.34 0.59 -032 037 0.90
1648 Arachidic acid 1717 1.14 0.93 1.83 1.48 0.17 -0.52 -0.59 0.91
11 %7 2 Behenic acid 221" 1.41 1.37 2.37 1.95 026 072 -0.71 0.91
FEAE MR Arachidonic acid 0.36° 0.64 0.22 1.02 0.52 0.10 0.18 121 0.82
A KBNS ER TVLCFAs 4.43™ 3.19 3.08 4.59 3.95 038 —0.68 —0.75 0.90

BUFRFIEREERCRR), " £ P<0.05 KFELEERBE™ £ P<0.01 KFELEERFEE ™ £ P<0.001 KFELEERFEBE,
JHT1: female material Jihuatian 1; PI478819: paternal material PI478819; TVLCFAs: total very long-chain fatty acids. H*: heritability. As-

terisks indicate significant differences (Student’s #-test); " P<0.05 " P<0.01; "

Hk

P<0.001.
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Fig.1 Frequency distributions and correlation analysis of fatty acid components in the RIL population

TVLCFAs: MBKEENE TR & 8 OAC: IR &, LAC: WihiR& i,

PAC: FFHHR S HE; SAC: SR & it AAC: fEA R & i; BAC:

INHTER & i ARAC: E/ERBR &R, B S FORFE B EHEE K85, " 78 P<0.05 KF EAHGCHERE; ™ 4 P<0.001 KF_EAHK

TVLCFAs: total very long-chain fatty acids content; OAC: oleic acid content; LAC: linoleic acid content; PAC: palmitic acid content; SAC:
stearic acid content; AAC: arachidic acid content; BAC: behenic acid content; ARAC: arachidonic acid content. Asterisks indicate significant

differences (Student’s z-test); ": P < 0.05;™"": P < 0.001.
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(Y BRI HT

HF A(SNP-index). G %iit. BXICHEE . Fisher
FEHREIS 4 FEYE, 8T TVLCFAs BSR4 X
B W 4 R RS E O XA AR X A], X
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Table 2 Candidate QTL regions for TVLCFAs content
(=873 ARERES A £
Algorithm Chromosome Start (bp) End (bp)
A(SNP-index) A06 2,530,001 118,420,000
A08 2,510,001 51,529,986
Al6 1 150,720,000
G-statistic A06 97,850,001 103,520,000
A06 105,210,001 118,420,000
A08 44,410,001 51,529,986
Al6 146,720,001 150,690,000
Fisher-exact test A06 3,460,001 118,420,000
A08 4,290,001 7,290,000
A08 9,180,001 51,529,986
Al6 73,370,001 150,720,000
Euclidean distance A06 104,860,001 118,420,000
A08 40,570,001 43,930,000
A08 44,410,001 51,529,986
Al6 146,430,001 150,690,000
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Tif2.A16.148564767, LOD {fi ) 46.31~51.95, PVE Jy
29.84%~32.85%. qA06.1 itJ&5H8 JEER FIAE A FR &
HALENIAY QTL, LOD {H°A 22.87~32.81, PVE 2}
16.78%~22.57% 2 IR T, R . IR FkRA
oL E (i F] g408.1, LOD {EHA 13.28~29.95,
PVE 4 13.73%~29.33%, 7E 2022YY Fl 2023YY
N, 76 8 S ek LEEANE 1 A S5HE
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PR S A QTL 7 4% g408.2, LOD {H/3Hh 6,12 43 BB T 8.67%H1 3.62% 1) F RIAL 53 BA—FRBE T,
1 4.46, HIREET 4.09%F0 2.97%MFRMATTE S 2 FE 16 SYAAIR FRINE] 2 A 528 4R B R & B A DL 1
ANHET, WIS MRS EYREZKINE  QTL 4 g416.1 Fl g416.2, LOD {4354 6.67 F
qA16.1, LOD {HN 23.09~38.62, PVE N 19.57%~  4.28, PVE /3N 5.60%F1 4.15%, 7E 2022YY #i—
27.55%. LAk, 7E 2022YY B 2023YY H—3EET,  HET, £ 6 SRk a1 NSRS
B E] 8 SYe ik |- 2 NS4RS EANCH QTL  HAHKM QTL fii 45 q406.2, LOD i}y 8.44, PVE Xy
¥ 45, gA08.3 F1 g408.1, LOD {H4r 410 9.69 F1 6.10,  7.10%.

%3 RIL B#{k TVLCFAs R FSRFEL4E 5 89 QTL L
Table 3 QTL mapping for TVLCFAs and fatty acid components in the RIL population

FEIR QTL#4Fk  R@ik  H b ] LOD M RS MR
Trait QTL name Chr. Env. Interval (cM) LOD K PVE (%) Add
SO A BB T R qA06.1 A06 2022YY 2.1-2.2 25.74 15.59 -0.14
TVLCFAs 2023YY 2.1-22 46.08 25.85 —0.18
qA08.1 A08 2022YY 5.9-6.8 20.30 12.04 -0.12
2023YY 5.9-6.8 17.32 8.23 -0.10
gAl16.1 Al6 2022YY 12.0-12.2 46.31 31.71 ~0.20
2023YY 12.2-13.0 51.48 29.84 -0.19
bl qA08.1 A08 2022YY 1.9-5.9 17.77 16.30 ~1.42
Oleic acid 2023YY 1.9-5.9 26.14 24.89 -1.67
IR qA08.1 A08 2022YY 1.9-5.9 23.57 2323 1.32
Linoleic acid 2023YY 1.9-5.9 29.95 29.33 1.53
TR qA08.1 A08 2022YY 1.9-5.9 13.28 13.73 0.20
Palmitic acid 2023YY 1.9-5.9 20.51 19.86 0.26
T fg i qA06.1 A06 2022YY 2.1-2.2 22.98 16.78 -0.26
Stearic acid 2023YY 2.1-2.2 22.87 16.90 —0.24
qA08.2 A08 2022YY 0-1.9 6.12 4.09 -0.13
2023YY 0-1.9 4.46 2.97 -0.10
qAl6.1 Al6 2022YY 11.4-12.0 28.29 21.36 -0.29
2023YY 11.4-12.0 27.64 21.05 ~0.26
AR qA06.1 A06 2022YY 2.1-2.2 24.08 20.51 —-0.07
Arachidic acid 2023YY 2.1-2.2 32.81 22.57 -0.07
qA08.3 A08 2022YY 8.1-16.1 9.69 8.67 -0.05
qA08.1 A08 2023YY 1.9-5.9 6.10 3.62 -0.03
qAl6.1 Al6 2022YY 12.0-12.2 23.09 19.57 -0.07
2023YY 12.0-12.2 38.62 27.55 ~0.08
1Ly #7 R qA06.1 A06 2022YY 2.1-22 27.52 16.44 -0.10
Behenic acid 2023YY 2.1-2.2 43.14 24.90 -0.12
qA08.1 A08 2022YY 5.9-6.8 18.14 10.37 -0.08
2023YY 5.9-6.8 14.50 7.10 ~0.06
qAl16.1 Al6 2022YY 12.0-12.2 48.50 32.85 ~0.14
2023YY 12.0-12.2 51.95 31.49 —0.13
161 I TR qA06.2 A06 2022YY 22-2.7 8.44 7.10 0.03
Arachidonic acid gAI6.1 Al6 2022YY 11.4-12.0 6.67 5.60 0.03
qAl16.2 Al6 2023YY 3.0-7.4 4.28 4.15 0.02

2022YY: 2022 4F 5 FH; 2023YY: 2023 4EJFH
TVLCFAs: total very long-chain fatty acids. 2022YY: Yuanyang in 2022; 2023YY: Yuanyang in 2023. PVE: phenotypic variance explained.
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148167815)5 TVLCFAs Flfig I iR 20 43 & H 5 B %
B, B Tif2.A06.115805462 7£ JHT1 F1 P1478819 H1(¥
LR RI0 50 4 aa FIl AA; Tif2.A16.148167815
3 51iE bb F1 BB; Tif2.A08.45741511 53 %ic N cc
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jos]

Arachidic acid content
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Behenic acid content

TVLCFAs content
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Bl 4 KASP HRIEIEE R B3 E
Fig. 4 Validation of the genetic effects of KASP markers

A-C: 2 NFREE R (2022YY: 2022 4EJFFH; 2023YY: 2023 4EJF[H), RIL #EA T 5 TVLCFAs, fE4 R I A5 B2 & i QTL A HY KASP #x
it Tif2.A06.115805462, Tif2.A16.148167815 il Tif2.A08.45741511 B AERUN A 5IIE; D: 3 A ¥F5E T (2019SQ: 2019 4 5 2019WF:
2019 4F#EYT; 2019XX: 2019 4EH £), 353 MAEAEF R IHE P S TVLCFAs & QTL MK KASP ##ic Tif2.A06.115805462 .

Tif2.A16.148167815 il Tif2.A08.45741511 [ B ALY BYFAE . TVLCFAs: M KEEIRNITR . ARI/NG FHFIRE Tukey’s HSD #i56

EP<0.05/KFLzEREE,

A-C: validation of the genetic effects of KASP markers Tif2.A06.115805462, Tif2.A16.148167815, and Tif2.A08.45741511 in the RIL
population across two environments (2022YY: Yuanyang in 2022; 2023YY: Yuanyang in 2023) for QTLs associated with TVLCFAs, arachidic
acid, and behenic acid contents; D: validation of the genetic effects of these three markers in a panel of 353 peanut germplasm accessions
across three environments (2019SQ: Shangqiu in 2019; 2019WF: Weifang in 2019; 2019XX: Xinxiang in 2019) for QTLs associated with
TVLCFAs content. TVLCFAs: total very long-chain fatty acids. Different lowercase letters indicate significant differences at P < 0.05 ac-

cording to Tukey’s HSD test.
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Fig. 5 Validation of the genetic effects of the KASP marker Tif2.A08.45741511 for oleci acid, linoleci acid, and palmitic acid con-
tents

A: 2 NFREE TR (2022YY: 2022 4EJEFH; 2023YY: 2023 4EJEFH), KASP #ric Tif2.A08.45741511 7£ RIL BEAKARASIE, B: 24 EAD24 1
FAD2B Jy 87 R}, £E 3 D3R8 R (2019SQ: 2019 4E 7 o 2019WE: 2019 4E L5 ; 2019XX: 2019 4E#7 £ ), KASP #ric Tif2.A08.45741511
TE 353 By E R B SEIR  BOBRIIE . C: 24 FAD2A4 I FAD2B % RA8WE, 7E 3 3REEF(2019SQ: 2019 4FR{ - 2019WF: 2019 4 #idy;
2019XX: 2019 4F3 £ ), KASP #Ric Tif2.A08.45741511 7& 353 3462 Ff B B3 IR AR AYBRAIE . R /R7E P < 0.001 /K F - 25 5 18 3% (¢ K38 ); ns
TR RE 25

A: validation of Tif2.A08.45741511 in the RIL population across two environments (2022YY: Yuanyang in 2022; 2023YY: Yuanyang in
2023). B: validation of Tif2.A08.45741511 in 353 peanut germplasm accessions across three environments (2019SQ: Shangqiu in 2019;
2019WF: Weifang in 2019; 2019XX: Xinxiang in 2019) with wild-type FAD2A4 and FAD2B. C: validation of Tif2.A08.45741511 in the same
panel across the three environments when accessions carry mutations in FAD24 and FAD2B. """ indicates P < 0.001 (Student’s r-test); ns in-

dicates no significant difference.
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