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Transcriptomics-Metabolomics Combined Analysis Highlight
the Anthocyanin Biosynthesis Mechanism of Red Testa in
Peanut(Arachis hypogaea L.)
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Abstract: Peanut is the important unique export agricultural product, which occupies a vital position in
agricultural development of China.In this study, two peanut varieties, Hongzhenzhu (H) and Baizhenzhu (B,
the control) , were used as research samples for transcriptomic-metabolomics combined analysis. At 30 and 45
days after flowering, the testa color (L value, a value, b value) and anthocyanin content of Hongzhenzhu and
Baizhenzhu were extremely significantly different between varieties. FPKM hierarchical cluster analysis showed
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that compared with Baizhenzhu, there were 1847 and 1843 unique genes at 30 and 45 days after flowering in
Hongzhenzhu, respectively. GO analysis annotation results showed there were 8 GO terms significantly related
to anthocyanin synthesis. Among them, GO: 0055114 and GO: 0016207 had enriched with 8 (C4H .two CHS .
F3’H . two FLS .F3H and PAL)and 7 (two CHS.CHI.F3’H .two FLS and F3H) differential expressed geness
respectively. The results of KEGG enrichment analysis showed that 6 metabolic pathways were significantly
related to anthocyanin biosynthesis, respectively. Metabolomics results showed that cyanidin, procyanidin,
petunidin, delphinidin, malvidin, peony (peonidin) and their derivatives were differential accumulated
metabolites (DAMs). The transcriptomics-metabolomics combined analysis showed that flavonoid biosynthesis
(ko00941) is the key synthetic pathway and delphin and centaurea are the key DAMs of testa color formation.
The qRT-PCR result of 11 detected DEGs was consistent with the results of transcriptome sequencing. These

results of this study have a certain reference significance for revealing the regulatory mechanism of anthocyanin

synthesis in peanut testa.

Key words: peanut; anthocyanins; transcriptomics ; metabolomics
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W LB MR, N2 E ST RS EER
AMUEAPUEA R SF PiEe iR SN
YERL, [ B A Bl F00 B A6 Y7 O ML B L AR 39
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i 22 35 R PRI B BE R e, 281 ANS R AERAR
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HEMIE RS EH R A DCHFSE 29 E N Fb
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(DAMs, differential accumulated metabolites ) #4754
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JIRIBCH e R B2 RESS 10 g, ATV EE B THRA
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RGN A ST e A CIHELAG N AN QRT-PCRAG N
1.2 EEMEREZENNEREXERENE

K% 45,253 (MINOLTA CR-300, 1] Jg 35
RER T A PR A A, HA) W& B1.B2 H1 . H2 ' {7
B L.a.baEas b 3R EY¥ER . AL,
a.b A LFIRSERE, BUE R 0~100), Bl 75 Y
BRI, R TR R 168 s a Ml b SR (A AR AR,
HIEMZ 5, BUE S A -60~+60, a {f M +a(+60)~-a
(-60) , 2 €0, F £1 (3] 2% €4, 5 1717 b {5 A +b (+60) ~-b
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S RPN TEf . 22 AEBTHE R (AE=
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MAE <2 B, AR JLF-Jo ik g2 2] g e A8 4k 5 2<
AE<6 Bf , NHR AT LAES 2 B AR 10 (FE A B
AE>6 M AR5, B2 B e 254k .

K AR B 38088 (XDL-7000 24 252725 {35 1A R
ks, sP D) X B1.B2 H1 \H2 f6 4= Rl i BEAS EA T i

OSSR 0.5% YA R O A6 A= R D) 71 ThD
Y b B 20 min, 20 PR P 2 CEE WL 5E G (0 4k PR S
(464 1, % Fil Adobe Photoshop 2020 fifb 75 5%
1.3 #HERSEWNERZ

BT RO B IE S WFE 2 F2 I E 7
LA AIFREUBL B2 H1  H2 Bl AR 145 50 me it A
1.5 mL 208 R VR T8, SR AT () (MM400,
FAA PR w] L, HE )30 Hz, 1.5 min WFEE AR, 2
J5 AR P HY B (HY B - HCL R AR B EE Sy 991 1)
700 uL, FHE E ALY, 4CHE IR . Z IR B O
(4°C, 12000 r/min) 1 min, B 600 pL b3 & T8
B0, A T mL =& F B, Fi 400 pL 2815
K, T 4 °C 12000 r/min 0> 10 min, B3R T1E
HromillE 3 EYYER. BEFRTEN
DA R 43 0606 BE 1 (UV-5800, Je BT {4 A BR A
Al P ED 6T R 5 #=(0Dy,—~0.25 OD,;,)/m, i,
ODy,, WAL Z7E 530 nm & I IOGAH , ODgs, Hy
AEH RIE 657 nm P T WG , m A FE BT e .
14 EREFSHN

B SR 20Ny A B A YRR R\ (dE
5098 M. A RNA $2 HCR FH Y 7 502 Trizol 0V
1, RNA #:9 >% FH] NanoDrop ND-1000 45 #h/R] T4y
G (FEER /R B, 218 Fl Agilent2100 £E
Yo CEE A, 2R 1) .

T A0 A B 5 3 C A R ploy-N A9 R L R AR
[ BEIOR AT i F 155 Q20 .Q30 FI GC 5
Tt FEfEH HISAT v2.1.0 #E11R 515 , 2% U ik
35 A€ 2 2 4 (https: //v1. legumefederation. org/
data/public/Arachis_hypo-gaea/Tifrunner. gnml. arahy.
CCIJH/) T X 5% 1 19 12 % . FeatureCounts
v1.6.2 JHIT A WS 30 A4 3 R A9 152 B, AR
T 7 R P %) 5 SR A e 40 g T A7) 1)
F Bt 8 (FPKM , fragments per kilobase per million) ,
FHT RAE LR 3 A ) 1

DESeq2 v1.22.1" FF 437 9 4 ] 3 A 1) 22 5+
F23k , -1 i Benjamini&Hochberg J5 % 1 1F P{H .
GO FIKEGG & £ /M 1 22 S b B R A w404k 23
5 38 2 {8 F clusterProfiler R %X 4:£'*' Fll Sangerbox
(http://vip.sangerbox.com ) iHF— 52

FE R 4E & 42 40 T (GSEA, gene set enrichment
analysis ) M3 & 21 1] 2 55 0435 B8O %o R P9 1) Bl A
FERFATHE , SR 5 AR S HE e 45 0 e fa -k R 4
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1.7 qRT-PCR 3&iE

K 1 Trizol ¥k 42 BUAE A2 Fh Bz &5 RNA , Fi] ]
Surescript™ First-Strand cDNA Synthesis Kit JZ % 5%
B & (G ARG RA A, ED S cDNA,
F| FH Blaze Taq™ SYBR® Green gPCR mix2.0 {55 &
(SCRFERHARA W, ) #5417 qQRT-PCR, 2
RS X R & A . R =k T I
N, 95 CAEME10 5560 CiRk 205,72 CHEfH 15 s,
40 IR . qQRT-PCR % — A AR AT 3 ALY
FHEEMIWHEAREL . ACT7 LR B E NN
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Table 1 Primer sequences information
ElE7 E s EMFFI(5'-3") SIFF5(5'-3")
Primer name Forward sequences (5'-3") Reverse sequence(5'-3")
AhACT7 TAAGAACAATGTTGCCATACAGA GTTGCCTTGGATTATGAGC
5051 ATCCGCTCTTGAATACATT TCATCCAACTCACTACGA
4WXUSP CCTAATGCCTTGGTTATTC CCTTCACTGTTGTTCTATG
SH4H17 AATGGTGCTCCTCTTCCT ATCACACTCACTCTTAATGCTTA
79B99S GCAATGGTAGGTTCAAGA GAATGTGGCGATGGATAA
7JZ58T AATGACTGGCTGGATGTA GAGGTGGAATAATTGTGATGA
JVIT2X AGAACTGGAACCTCATCA GTGTTGTGGAGATTGTTATTG
X2F5F9 TTGTTGATGGCAATGATA TCTTCTGAGATGGTAACT
TJ3PHW TGATAGGTGAGGCAAGTT AGTGAGTGAATGGAAGGA
UDJX6I CCTTATGTCAAGCGTTAC TTCTCAGCCAAATCTTTT
UQOZ3E CTACTTCTTCCACCTTGT CATACTCGCTTGTAACCT
AYAIAS ATAGGACTTGTTGTTGAT ATGCCTTCTTCTTATTCT

2 HRESHN

2.1 MEBEBRBELERDBEBTZIENE
TRML R B 45 IR 3R], MBS 55 30 R 2
FEACJE 55 45 K, LI BRI B2 60 P 21 (0 28 S TR
LLa, B IRAD R ORERE T, NI A a0
FEEEAR R (Bl 1a) . EF RS EINESRERY], a2
A ERAETFAE G 56 30 K TFAE 56 45 KA R
16 £ & &5 % 1043 OD/g. 11.90 OD/g Al
0.140D/g.0.22 OD/g(&l 1b) . FFAEJ5 56 45 RAHXS
FHAEIE 56 30 RINLLE R M A2 AT R T miR

PR 22 57 (P<0.05) , FFAEJE 55 30 RAIFF AL 5 55 45
KL BHRANN T AR T R 5 m RN D
25 (P<0.01), (A2Z(HAEMMES RELW , BEE
i) RE , AERB BT S DI 30K
() AE R X} B, LB BR A TS BRAE T ARG 55 45 K1
AEH 512 10.20 F18.72, - AE>6(E 1c)
B HRMABKREFIE S 30K RS 45K
A LAE 435 4 46.07 .48.77 11 70.53 . 73.00; a {43 5l
k1 26.80,29.33 F1-7.40, -7.60; b {E 43l Ky 12.60.,
12.80 F119.40,19.40([& 1d) . FFAEJG2E 45 KAXTFF
TEJE 55 30 R 2R, LI ca (H I b E IR F I
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a: 4 FESH R AR FTY Kl e B (0 i PR 2 I B LR 1] s b 4 FE R Y AETT R Ot s e 4 DR AN I IRHUT Y AE B s d: 4 MR AI (A 2E(H L oa b
(B AR BB ARAR S 4 DRER I AAFR . BLFI H13530R AR 55 30 KA I ERRIZIE 2R, B2 MU H2 43 53R TFAL IS 55 45 KA BRI
LI FORA KT 22 5 .35 (P<0.05) R )2 KF- 22 5l .35 (P<0.01)

a: Stereo microscope observation of plant phenotype and testa color of 4 samples; b: Anthocyanin content of 4 samples; c¢: AE values of 4 samples
in different periods; d: Color difference values a, b and L of 4 samples; The horizontal coordinates of the bar chart are the names of the four
samples.B1 and HI1 represent Baizhenzhu and Hongzhenzhu on the 30th day after flowering, respectively, B2 and H2 represent Baizhenzhu and

Hongzhenzhu on the 45th day after flowering.* indicates significant difference in biological level (P<0.05), ** indicates extremely significant

difference in biological level (P<0.01); The same as below
Bl EMEAXBHMENER BAENEREEZSETH

Fig.1 Stereomicroscopic observation , determination of light absorption value and change of anthocyanin content of peanut testa

22 HEREAZFSWH

221 HBHEEMNFER XNIHFALELE0RAZIK
(B1) JFAEJG 55 45 KA ER(B2) JFAEIF S 30 K4L
22k (H1) FMIFFAEIG 5 45 RLTBER (H2) 4 R
A EA T cDNA SCERIEE . B sk AP 45 R, %5
FE 5 Clean data #1355 5.91Gb, 23515 95783970 4%
Clean reads, MM SEEHA 285588370314 . fEA:FhEz
GC &R 7F 44.49%~45.14% 2 [1] , Q30 Bl KL 1 /3 LY

KT 92.80%. 435K 45 54 1 Clean reads 52 %
F R 2 VB 47 7 91 L X, EE X 26 R 85.10%~94.48%
(F2), M Bs vl 5 .

222 ERRFEEFGIE FPKM)ZREL DML
KR IS 45 R ABIRMXT T I AE G5 30
KHABE (B vs B2) 2 5 R R HEH BBk 1538, H
W RSO 1147, R IR R 3915 AR R 56 45
KL BRAXT T IG5 30 RLLE R (H1 vs H2)
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2 B RIR LR AR 4840, Horp | iE LR Sy 2586, B, FFAEE 56 45 R B ERAX THALIE 55 30 K 1
VRS 2254 FFALSE 5 30 RELBERAIX FIHAE B IR 45 R BIHRAMX TS 30 K
JEE 30 R ER (Bl vs H) Z S R E N BHCH LB Bk JFHEJE 5 30 RLLBERMNT T I AL 56 30
5959, Hirh FiEZEH N 3619, TIHEEE A 2340; -4 KREABIRAIFILIG 26 45 RLLBERMIN T AL S
555 45 RELE A TG H 45 KA (B2 45 KA ERM 2 228N 5] 4 13614008,
vs H2) 2 SR BE R A BCk 7349, Hovb FIRZEIRCY 5473 F16475 4 (& 2b) , A 25 5 3R JE R 43 1)y
3840, N IHBEE S 3509 (8l 2a) . HLE T4 RE  173.1017.1847 F11843 4~ (&l 2¢) .

®2 HREANFRESH

Table 2 Analysis of transcriptomic sequencing quality

FEAID TR (bp) sVl AR GC it (%) Q30 L fl (%) HEX (%)
Sample ID Clean data Clean reads Clean bases GC percentage Q30 percentage Comparison rate
Bl 7065231429 25468703 7588239214 45.14 92.80 94.48
B2 6259352471 25289975 7536265352 44.79 92.80 91.59
H1 6027831574 22589652 6740490641 44.49 92.86 93.64
H2 5915679326 22435640 6693841824 44.30 93.07 85.10
a b
4 BlvsB2 = Up(1147) 4 HlvsH2 « Up(2586)
< Down(391) « Down(2254) "
: Non(35337) o oiet Non(32521) | m Q©
N 2 P . 2 v
®o 2 - R T w2
By O X 5 6475
me b o o
S L, 2 _g
4 gk{ 2 0
ﬁﬁ s BlvsB2 HlvsH2 BlvsHI B2vsH2
0 5 10 15 20 25 =
- Up(3619) 15 BovsH2 « Up(3804) c
* Down(2340) et + Down(3509) HlvsH2 BlvsH]
Non(31384) ; Non(30419) - .
RO BlvsB2
%i & S ) e S
o
= 1843
0 20 40 60 80 100 120 0 20 40 60 80
—logl0(IRZEH) —log10(IRZEH)
—log10(FDR) —log10(FDR)

a: R A R A 235, up 3R R, down 3R T, non /R T2 57 FREE I ;b FOR 4 U Z ) i 22 5 R BRI B 3R
B LA A MO B i 25 AR R
a: Represents the expression of different genes in the comparison group, up represents up-regulation, down represents down-regulation, non
represents no differentially expressed genes; b: Represents the differentially expressed genes among the 4 comparison groups, and the number

represents the unique and overlapping number of differentially expressed genes in each comparison group
2 AEEERBAREBMLEEMEZERRIEERS TS

Fig.2 Statistical analysis of DEGs in variegated peanut testa at different parts and different development stages

223 GO # KEGG E & % #1 GO (Gene 2601~ GO %% H s FFAEJF 55 45 RELE BRAHXS TIFAE
Ontology) TEBRR G E— A MLHE A EHE3INE J5H 30 KL HIERE] 341 .65 F1254 1 GO 4%
B 37, WA W) 2= 3 7 (Biological process) , 732 H ; FFALIE 565 30 RELEHRAXT THALG 55 30 K M
A (Molecular function) Fl 20 il £ 43 (Cellular  BERAMHIFEFES 923 653 Fl 1620 GO % H s JF b
component) . GO & £/ HT A LRI FEAY ¥k 545 REBIRAX TIALISEE 45 R A2k
FE O FIIRE AL 73 b, B S5 45 KA R BE31999.730 F1 1781~ GO 45 H (K13).

FEXETFITAEIG 2 30 K A ER M B2 413 .64 Hl GOVER/T T4 KW 854 GO 4 A 5K %
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o= 400
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Fig.3 Statistical analysis of GO term enriched by each

comparison group

G VIAOG  TEA Y 2 # ol #E Jr 7 T RE A 40 i 20
I S . BRI YA AR P ) GO &5 H
H L - KN R R 4 i AL i #2 (L-phenylalanine
catabolic process, GO: 0006559) . UV-B Jz Jij i) #&
(Response to UV-B,GO:0010224) . & H RILEY)
H W) & i3 72 (Anthocyanin-containing compound
biosynthetic process, GO: 0009718) Fl A g 4= 91 &
A% 3 2 (Innamic acid biosynthetic process, cGO:
0009800) ; HFEREF 7T UIBEH 1 GO 2% H o8k 1
4545 (Tron ion binding, GO:0005506) . &AL I8 J5 i 1%
3l (Oxidoreductase activity, GO: 0016207 ) 1484k it
J51) 2 (Oxidation-reduction process, GO: 0055114) ;
Bl BB AL 53 T 1 GO 4% H 2R TN 2 IR fif 2 I
i P (Phenylalanine ammonia-lyase activity, GO:
0045548) , H:rf1 GO: 0055114 F1GO: 0016207 45 H &

==== Down — Up

arahy.SGZ2CH:

BRI 22 R RIB LN, 735 0 8 FI T A~ 4)
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