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Marker-Assisted Generation of High-oleic Germplasm Accessions
Enriched with Anthocyanins in Peanut ( Arachis hypogaea L. )

LI Jia-wei', MA Yu-cong', LI Li’, YANG Xin-lei', CUI Shun-li', LIU Li-feng', WANG Tao’, MU Guo-jun'
('College of Agronomy , Hebei Agricultural University, Baoding 071001 ; *School of Landscape and Ecological Engineering,
Hebei University of Engineering , Handan 056009; *Hebei Yiyuan Ecological Agriculture Technology Co, Ltd, Baoding 074200 )

Abstract: The content of oleic acid and anthocyanin is an important target for quality breeding in peanut
( Arachis hypogaea L.) . In this study, a high-oleic acid peanut line with pink testa G110 lines ( 2 ) was crossed
with a landrace line with purple testa Purple Pearl lines ( & ). Kernels of both parent lines on 30 days after
flowering and 45 days were sampled for the transcriptomic analysis. The differentially expressed genes ( DEGs )
enrichments in oxidation-reduction process ( GO: 0055114 ) and fatty acid biosynthetic process ( GO: 0006633 )
were observed. The gene ahFAD2B ( arahy.5913QL ) was up-regulated in G110, while differential expression
levels of another gene ahFAD2A ( arahy. 42CZAS ) in the two varieties were not significant difference ( p>0.05 ).
FAM tail-1/AlleleX”” identifies mutant genotype aabb in ahFAD2A and ahFAD2B, respectively, and HEX tail-2/
AlleleY*” identifies wild genotype A4BB in ahFAD2A and ahFAD2B, respectively. By taking use of kompetitive
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allele-specific PCR ( KASP ) markers A004807 and 4004808, 66 high-oleic acid plants of genotype aabb in F,
populations were obtained, followed by self-pollination to F,. Of them three superior accessions namely 18-B-

40, 18-B-49 and 18-B-54, with purple testa and high-oleic acid were identified, in which the oleic acid content
was 79.52%, 78.84% , and 78.02%, 1.77 folds, 0.99 folds and 0.99 folds higher than that of “Purple Pearl” ,
respectively. The oleic to linoleic ratio ( O/L ) was 14.69, 11.91, and 10.90, which increased by 11.58 folds, 9.37
folds and 8.58 folds compared with that of “Purple Pearl” . The anthocyanin content was 30.87 OD/g,29.16 OD/g,
and 14.510D/g, which increased by 23.91 folds, 22.77 folds and 23.06 folds compared with that of G110.

Collectively, this study obtained peanut germplasm accessions showing simultaneous enrichments of anthocyanin

and high oleic, which might have implications for enriching high oleic peanut germplasms in China and future

uncovering the mechanism of peanut oleic acid metabolism.

Key words: peanut; oleic acid; anthocyanin; KASP; transcriptomic analysis
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442 {7 54 AL A (442 insA ) 945, Liu 2010
I & B 19 S Y R B itS w-6 IR 17 R M &
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Jio ARWFGERA B B sl x K afh
M AR A" Al A, I A Y 5 KASP fRid
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1 G110(G1., G2, ¥y (L Fh j2 ) FIR 2 2k (721,22,
SROME) AT A 10 g, 3 AEY) AR .
e Sl B eh Bk B AR W RHECA R A A (M, vh
) AT
12 BB RGHERFLHER S SR

R FHEE AN - AT LA B R A Y
FEAFEE SR PR (gl 1 00 T R0 e o
I35 O/L fH. #|JH IBM SPSS Statistics 26 #£ 17
25 BET, 3 WY ES .,
1.3 ERADN

2 JERT N Y Trizol PL3E 5" 2 B RNA , 1 J
RIN = 10; 28 s/18 s = 1.5; 1.7<0D260/0D280<2.0 FJ
FE#EAT 7 SR AP . >R Tllumina 7 15 Chttp: //
www.illumina.com ) #4177, 3 R4 H K . F
1A Gy ( SBS, sequencing by synthesis ) £
A B 45 B Y 25 )5 & (19 Clean Data i@ :f HISAT2' '™
RO TR G 5 DA AR B T AR AR 22 R 2
https: //v1.legumefederation.org/data/public/Arachis_
hypogaea/Tifrunner.gnm1.ann1.CCJH/ #k 17 Lt X%, X
4 RS g T A B 1 B S e O R S 5 BRO(E
( FPKM, fragments per kilobase per million ) # 717
iit. MU DESeq2 " 1472 5t LA REAS 2 1] 19
FPKM [ ff ( FC, fold change ) 1 1% 2% % ( FDR,
false discovery rate ), DA |log2FC|= 1 Fll FDR<0.05
RIFIETT 1E 25 A A
1.4 ahFAD2A #1 ahFAD2B ORF Hj# 18 % KASP

1l

DNA $2 0. 51 ¥ 5 FI PCR A 5 Sl P4 i
Patel 25 3£ 17, ¥ aF19*/R1 Fl bF19°/R1 4" 1 35
P34 PCR 774 SR Ak , PRk BH M SE e 77 91
M , K HI DNAMAN #E47 Ht 4347 (2 1),
&1 PCR3IMEFRIF

Table 1 Primers and sequences of PCR

ElR7E2N P (5 -3)

Primer name Sequence (5 to 3" )
aF19* GATTACTGATTATTGACTT
bF19° CAGAACCATTAGCTTTG
R1 CTCTGACTATGCATCAG

ST AEAR I SR R KASP 519 T/ L
BN R R IE M S ) — AN 5 1)
Hl Master mix ( i FRET &7 & " /) FAM tail-1 1
HEX tail-2 4% ) (£ 2). FIH Omega %6155 [
FAYAE 520 nm F1 556 nm (25 °C, 2 min) F3455¢

Hef5 5. R Kraken™ (LGC A ml 243t ) k47 3k
KA Hr . K SNPviewer2 B oA 7808 48 1147
Hro

%2 KASP5|#&FRMFET]
Table 2 Primers and sequences of KASP

BIR7E2N JPal (5 -3")

Primer name Sequence (5 to 3" )

AlleleX* TTTGGTTTTGGGACAAACACTTCGTC
AlleleY* ATTTTGGTTTTGGGACAAACACTTCGTT
AlleleX" GACAAACACTTCGTCGCGGTCT
AlleleY” ACAAACACTTCGTCGCGGTCG
Common-A GCCGCCACCACTCCAACACC
Common-B GCCGCCACCACTCCAACACA

FAM tail-1 GAAGGTGACCAAGTTCATGCT
HEX tail-2 GAAGGTCGGAGTCAACGGATT

1.5 $FEMEZERRIEEEHIT qRT-PCR HHE
PEEUAE A= 717 B RNA, J1 K 56 RNA ¥ i
it &, qRT-PCR LA % % 46 4= L 3l 2 F ACT7 %k
YE b N = 3L A, % FH Premier 5.0 software 1% it
I (%£3), qRT-PCR 2 L 14 % 4y : cDNA £ #iz
1 puL (100 ng/pL ), IE M 514 1 uL (10 umol/L ),
M 5 %1 uL (10 pmol/L ), TBGreenPremixExTaq
( TliRNaseHPlus ) ( 2x ) 12.5 pL, i 4E/K 2 25 uL,
B M 95 °C 305595 °C 55,52 °C 305,72 C
30 s, 40 PMEFR, SR 27 IR AN Rk,
ARG AHEAT 3 IRER
=3 KHXREESY

Table 3 Fluorescent quantitative primers

sl R FH(5 3
Primer name Sequence (5" to 3" )
5913QL-F GGGAGGGCTATTTCCCTT
5913QL-R CCAACCCAAACCTTTCAA
42CZAS-F GGGAGGGCTATCTCCCTC
42CZAS-R CCAACCCAAACCTTTCAG
ACT7-F GATTGGAATGGAAGCTGCTG
ACT7-R CGGTCAGCAATACCAGGGAA

2 HRESW

2.1 F1= GO X KEGG 7#f

XF G110 F 5 2 Bk 1Y HF 46 J5 30 d #1145 d /Y +
{74 # T 124> cDNA 3C %, 3 % 85.68 Gb Clean
Data, Clean Data = 5.95Gb, Q30 =92.37%., 2 4>
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ALy . o 2‘"“'
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SN 1 BEISCAR R Gene_ID+ko_ID, 344 i ko_ID #E175025, IR BRI S5 2~5 BEIFRIR 4 A LUl 25 5+ 4515 3 R 19 Log2FC i,
IR IS, EOFRR TIER; SIS 6~9 BIFEIRILH Xt 1Y) KEGG Pathways; 7145 10~12 B /R GO Classifyl

The text of the outside circle 1 indicates Gene ID + ko ID, and is classified according to ko ID with different colors; The outside circles 2-5

indicate the Log2FC values of the differentially expressed genes in the four comparison groups, Up-regulated expressions are shown in red, and

down-regulated ones are shown in blue; The outside circle 6-9 indicate the KEGG Pathways corresponding to the expressed genes;
The outside circle 10-12 indicate GO Classifyl
B1 #EHBESREIEANLEENEESN

Fig.1 Identification and enrichment analysis of DEGs of oleic acid in peanut
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2.2 $HEMZERRIEEE qRT-PCR WIS
XTI R 5 5 25 5 38 B ahFAD2A (arahy.
42CZAS ) il ahFAD2B ( arahy.5913QL ) #f T qRT-
PCR 43 #, 45 S 3¢ W] ahFAD2B ( arahy.5913QL ) £
T Y R A6 2E A RE G110 v b8 3R 5, 78 5 3 I R

3 ahFAD2A
g
=0
1 3
A &
K3 a a a
: ] |L‘ a
s
-K—ﬁ 1_
QL
M I
0- . -
Gl G2 Z1 72
SRR I
Variety and period

A6 MR B2 Bk b R I 3R 385 ahFAD2A (arahy.
42CZAS ) 1A XT3 3K & R 35 B 22 5 R Gk K1
(2), PR 22 5 R IA BN B qRT-PCR 44
F1 RNA-seq #=ika#—24

87 ahFAD2B

LEROE TN
Relative expression
~ o

5]
L

b b
0- T - T
Gl G2 Z1 72

st PR 9
Variety and period

B2 qRT-PCR BiFZR
Fig.2 qRT-PCR verification results

2.3 ahFAD2A 1 ahFAD2B & B 5 3 4 #7 #0
KASP KHRigE L

Pl aF19%R1 F1 bE19"/R1 N 51 ¥4 4 26 A iy 4
KL, P36 2 1250 bp AR SRR ST . DI R 45
R ARG E T 5 5 448 fi Ak FEAL, G110
() ahFAD2A }) A, 3 B ¥k W) ahFAD24 7 G; 1F &2
GBS T I I 5 442 B SEAL , G110 1) ahFAD2B
A AN BRI ahFAD2B TEMA 55T A HfiA
G110 55 [E EiMmR b kL F435 58287 p5 — 2, 2 7
UM aabb, ELBERFLHR TR AABB, FIF 432 1y 14,
Ab 1 SNP it/ 38 37 v RS9 1X 4 A Fil B W

ahFAD2A4
400 410 420 430

F
|IIIIIIIIIIII\IIIIIIIII\I\IIIIIIIIIIIII\lIIIIIIIII

FL K 4H ( Common-A , Common-B ), | FH 448/442 {if
JUAL SNP 3T A 5 RURE S MY LIRS | ) FAM
tail-1/AlleleX* i 22 ahFAD2A 1) 55 28 % aabb . HEX
tail-2/AlleleY* #fiE ahFAD2A W% 7% AABB,FAM
tail-1/AlleleX” i ;& ahFAD2B (1) %< 75 %Y aabb . HEX
tail-2/AlleleY® #fi % ahFAD2B ) ¥ = %) AABB,
2415 3| KASP 7 5 7 28 6 bR i 73 1 24 : A004807:
GGTTCCCTCGACCGC [ G/A JACGAAGTGTTTGTC;
A004808: AACACAGGTTCCCTC[ A/- JGACCGCG
ACGAAGT (& 3 ),

0 AM tail-1 450 AlleleXe 460 470 480
IIIIII*lIIIIIII\IIIIIlIII\I\IIIlI\II

G110 NSNS CCGCCACCACTCCAACACC I, \ A CGAAGTGTTTGTCCCAAAACCAAA N

Zizhenzhu Common-A SNP
ahFAD2B
400 410 420 430

440FA
|III|IIIIIII\IIIIIIIII\I\IIIIIIIIIIIII\IIII

ECCEEEEE PP PRSP
EESAGEEREEG C(GCCACCACTCCAACACC BENNSEENSEREEEE( /\ CGAAGCTGTTTCTCCCAAAACCAAAA T RN

HEX tail-2 AlleleY*  SNP

Mtails1 430 Allglexe 460 470 430
i R AR RR R R RN AR ER RN AR A RN R

G110 INRNSRERENEECCGCCACCACTCCAACAC NENNNBEENN '\ A CCGCCACGAAGTGTTTG T CH RGNS

wegsge JLLLLLLCELELEECEEECEEEELECCECEE LS LEEEEPECEEEEEE LT
2K pGABEOABE((CGCCACCACTCCAACAC | BETRBBBIE-G/\CCGCGACGAAGTCTTTG T BBBCARNOBARAATCARAGETAT

Zizhenzhu Common-B SNP

HEX tail-2 AlleleY® SNP

B3 ahFAD2A %1 ahFAD2B &5 FF 5 RIEL XS K KASP 5| #1i% it
Fig.3 Partial sequence alignment of ahFAD2A/ahFAD2B and KASP primer design
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it AL 5E, ILFRAT 104 K0 F, B (o Fh Bz Fh
T, 3515 1989 ki F, #1383 Fl fiz 206 0 Wy,
RS0 B B2 1047 Ki, K AR B2 949 R, A4 28 T
N 51.92%. il 1 KSAP 2% 5% 475 i A004807 Fil
A004808 X £ (o fift iz BAREHEA TAGIN , ahFAD2A 3
AyFNLERLICAN | 231 Bk AA, 523 ¥ Aa, 260 BEH
aa, f58 3. 1('=0.079<3.841 ); ahFAD2B JE[H 437!
2k B 245 Bk BB, 502 ¥k Bb, 257 #k N bb,

a @ Gio Pé\Zizhenzhu

— — -
-

bb(257p) ‘ !
I

B-(747p) ‘ [

A-(754p) ‘i TN
- | Candidate |
I lines

_———— &

T4 30 1(=0.066<3.841 ), 1= Il 2 AH Kk aabb Hy
66 tho BT L RLEM, F; L] 1205 ki fp
+, o 938 Rih 5 AT e, 267 KA AR KL 5 F,
L 45 3] 982 KA+, Hirp 868 ki Az, 114
RAA ER ; Fy 2L EFS 51 887 R ¥, Hirp 850
R 8 RN B, 37 KA # €8 R 2 5 B L 15 3]
813 b, B Ry S0 e s 78 F, Bt mpil iR 52
R R R 3 A4, 403108 18-B-40 ., 18-B-49 Fil 18-
B-54 (& 4 ),

18-B-54

g0

*

18-B-49 18-B-40

Pod Setting Ratio:51.92% 17

b A004807 GGTTCCCTCGACCGC[G/A]JACGAAGTGTTTGTC

Call Count Freq%
A:A 260 25.6
A:G 523 516
G:G 231 228
Total 1014 100%

0.57

v
A004808 AACACAGGTTCCCTC[A/]JGACCGCGACGAAGT

Call Count Freq%
g 245 244
50.0
25.6
100%

A S02
A:A 287
Total 1004

09.09

a: BUF +s FORFFECH BUT +p FORBREL, purple FoR S @R ISR, pink R @R S
b: F55 5B IR & R HH A A=aa, A: G=Aa, G: G=AA, —: —=BB, —: A=Bb, A: A=bb, 1 ,NTC HMtric

a: Number + s represents the number of seeds, number + p represents the number of plants, purple represents the progeny of purple testa,

and pink represents the progeny of pink testa;
b: The correspondence between symbols and genotypes is A: A=aa, A: G=Aa, G: G=AA, -: —=BB, -: A=Bb, A: A=bb,
where NTC indicates mark for detection
B4 ZEMESHBZERR KASP PR RHRRELER
Fig.4 KASP genotypic typing and successive selection of the high-oleic candidate lines with purple testa
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25 BEUEESHBEEFTRERBELETE
SAETE Z IR RN I R AT R 4 R R
B, /i & 18-B-40. 18-B-49 i1 18-B-54 1 i 4L % &
BRI 43514 30.20 OD/g., 28.77 OD/g Fl1 29.13
OD/g, 43 5l /& G110 ) 23.91 {5 (P=1.17x 107),
2277 f%5 (P =4.00x 107"°) F123.06 1% ( P=1.63 x
107"%), 18-B-40. 18-B-49 Fil 18-B-54 f{) il B2 & &

R4 BREZRHEBINILHERNE

43 5 A 79.46% , 78.77% F1 78.09%, 43 5l J& & &
B 1.77 %5 (P=3.61x10").0.99 £ ( P=1.21 x
107) F10.99 1% (P=1.45%x 107 ), 18-B-40. 18-B-49
F1 18-B-54 11 O/L b 43 51 h 14.69 . 11.89 Fi1 10.88,
Iy B R B ER Y 1158 % (P=4.01 x107°),9.37
5 (P=7.92x10"") F1858f5 (P =451%x10")
(%£4),

Table 4 Determination of total anthocyanin, oleic acid and linoleic acid

A MAETF R (OD/g) MR & (%) AR et (% ) NI
Variety Total anthocyanin content Oleic acid content Linoleic acid content O/L

G110 1.26° 75.83* 5.56" 13.65°
42k Zizhenzhu 28.34° 4479 35.31° 127°
18-B-40 30.20" 79.46" 5.41° 14.69"
18-B-49 28.77" 78.77" 6.63" 11.89°
18-B-54 29.13" 78.09° 7.18° 10.88"
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