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Localization of peanut genes associated with early flowering based on BSA—seq technology
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University, Zhengzhou 450046, China )

Abstract: To elucidate molecular mechanism underlying flowering time regulation in peanut (Arachis hypo-
gaea L.), and to screen candidate genes associated with early flowering for breeding on early—flowering peanut, this
study took an F» segregating population with contrasting early and late flowering phenotypes in peanut as material,
and constructed extreme trait bulks. Authors adopted Bulked Segregant Analysis sequencing (BSA—seq) to map the
loci associated with early—flowering trait. Results showed that a total of 20 intervals significantly associated with ear-
ly flowering were identified in 4 genomic regions, including 23.50-98.50 Mb on chromosome A06, 62.00-63.00 Mb
on chromosome A07, 14.00-14.10 Mb on chromosome B0S5, and 13.05-13.25 Mb on chromosome BOS. 10 potential
flowering—related candidate genes were preliminarily screened via Gene Ontology (GO) functional annotation, Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis and multiple database alignment. Fur-
ther validation combined with transcriptomic expression data ultimately identified 2 candidate genes: Arahy. M2TH-
PA and Arahy.UD4HAV.
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Table 1 Distribution characteristics of initial flowering days in F, population

RAME F, AL R AL
Parental mean /d F, population /d
EAESS BAUElLS CFE bRiER )i % {(1ES e J3E 1L 5 R R
Anhua 5 Yuhuanghua 1 Mean SD Variance kewness Kurtosis Range CV /%
25 31 28.66 2.43 5.91 -0.155 -0.141 23-34 8.48
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Table 2 Statistical data of parental and mixed pool whole genome sequencing data

HEAR PP 5 A ORISRV GC it Xt b I FFEREE (%)
Q20/%  Q30/%
Sample Raw reads Valid reads GC count /% Mapped /%  Mean coverage
LRSS
458 874 652 455 663 252 38.10 98.29 95.08 99.90% 26.44
Anhua 5
BAAE 1S
471 299 456 467 321 524 37.44 98.22 94.97 99.90% 27.19
Yuhanghua 1
RAETEH b
512778 702 508 162 974 37.38 98.14 94.72 99.78% 29.46
Early-flowering gene pool
W AL DA
493 892 692 489 638 072 37.51 98.22 94.95 99.82% 28.44

Late—flowering gene pool
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Table 3 Correlation of candidate regions between the ED and SNP—-index algorithms

b Pe (o ik R A Ey A ESEIPNAN FEHEH
No. Chromosome Start location End location Region size /Mb Nu Mber of gene
1 A06 23 500 000 24 500 000 1.00 20
2 A06 26 500 000 27 500 000 1.00 8
3 A06 31 500 000 33 000 000 1.50 5
4 A06 44 500 000 45 500 000 1.00 7
5 A06 48 000 000 52 000 000 4.00 19
6 A06 53 500000 54 500 000 1.00
7 A06 59 500 000 61 000 000 1.50 4
8 A06 62 000 000 63 500 000 1.50 5
9 A06 72 500 000 73 500 000 1.00 13
10 A06 75 500 000 76 500 000 1.00 8
11 A06 79 000 000 80 500 000 1.50 19
12 A06 82 000 000 83 000 000 1.00 8
13 A06 85 000 000 85 500 000 0.50 18
14 A06 91 000 000 92 500 000 1.50 40
15 A06 94 500 000 96 500 000 2.00 33
16 A06 97 500 000 98 500 000 1.00 25
17 A07 62 000 000 63 000 000 1.00 24
18 BOS 140 000 000 141 000 000 1.00 36
19 BOS 110 500 000 111 500 000 1.00 18
20 BOS 130 500 000 132 500 000 2.00 120
ST Total 27.00 439
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Note: A: ED analysis method; B: ASNP-index analysis method; The black curve represents the fitted value, and the red line is the 99% confidence line
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Fig.2 BSA-seq association analysis chart
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Table 4 Candidate genes and annotations

FF5 M4 FEIA R
No. Gene Gene annotation
COPY f& S {AM G A
1 Arahy.66YQPS
COP9 signalosome complex subunit
FIREM LRR 52 AFE 22 SR/ 75 2 R 25 1
2 Arahy.ISMSTN
Probable LRR receptor-like serine/threonine—protein kinase
AR ER 5 T
3 Arahy.CM90T6
Chalcone synthase
I RE AT V5 SR o 5 2 AR A e
4 Arahy. Z1V611
Probable inactive leucine-rich repeat receptor-like protein kinase
FHERER AL TEHEA
5 Arahy.M2THPA
Protein FLOWERING LOCUS T
AR K LR T
6 Arahy.UD4HAV
Chalcone/stilbene synthase
USSR E A
7 Arahy. Z8IK7E
U-box domain—containing protein
240 i S A S P -1
8 Arahy.LW25T7
Cyclin—dependent kinase E~1
UDP-HHAL A RS i
9 Arahy.5Q6PVM
UDP-glycosyltransferase
£ 7 LOB S5 kit 25 14 5 12
10 Arahy.HZIC2A
LOB domain—containing protein 12
Arahy. M2THPA 6
Arahy.UD4HAV 4
Arahy.HZIC24 |
- ArahyISMSTN 2
Arahy.Z1V611 0
Arahy.ZSIK7E
-2
Arahy.66YQOP5
ArahyLW25T7 | —4
Arahy.CM90T6 B
Arahy.506PVM
T § § 8 8 € 8§ F 0T T 2282 e T <= o2
25322528522 EEEEEEE G 2Z
@ g g 28 2 o a2 2 o g s o vow A =
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Fig.4 Heat map of the expression levels of candidate genes

genes. Redder color represents higher expression level, while bluer color represents lower expression level

1 s seeding leaf: S H 1 - ; main stem leaf: FIAEW] T 1 5 ; lateral stem leaf: FIAEWIMIAL I 5 veg shoot : W] AL E FERIZELR s vepr shoot: WIEWI1E
HZZE2R s perianth: {68 ; stamen : HERE ; pistil: WESE s peg tip 1: b b SR 4T 03 ; peg tip 2: H T SR T ; peg tip Pat. 1:Pattee 1 B 1] 54T 03 ; fruit
Pat. 1:Pattee 1 FFATENR ; fruit Pat. 3: Pattee 3 B WIS ; pericarp Pat.5: Pattee 5 B 7 5 pericarp Pat.6: Pattee 6 3] J7 s seed Pat. 5: Pattee 5
I AT s seed Pat. 6: Pattee 6 I HFI T s seed Pat. 7: Pattee 7 B HFI T ; seed Pat. 8: Pattee 8 BFHFf 1 ; seed Pat. 10: Pattee 10 FFHFIF 5 root : 1 ;
nodule: HURT . BAHRIT Y E QTR LA A RE X ek b, LA IR £1 , e i By, B0 € L 23k i IR
Note: seeding leaf: seedling leaf; main stem leaf: main stem leaf at early flowering stage; lateral stem leaf: lateral stem leaf at early flowering stage; veg
shoot: vegetative shoot apex at early flowering stage; repr shoot: reproductive shoot apex at early flowering stage; perianth: perianth; stamen: stamen; pis-
til: pistil ; peg tip 1: tip of aerial peg; peg tip: tip of subterranean peg; peg tip Pat. 1: peg tip at Pattee 1; fruit Pat. 1: Pattee 1 pod ; fruit Pat. 3: Pattee 3
fruit; pericarp Pat. 5: Pattee 5 pericarp; pericarp Pat. 6: Pattee 6 pericarp; seed Pat. 5: Pattee 5 seed; seed Pat. 6: Pattee 6 seed; seed Pat. 7: Pattee 7

seed; seed Pat. 8: Pattee 8 seed; seed Pat. 10: Pattee 10 seed; root: root; nodule: nodule. Colors in the scale indicate the relative expression levels of
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