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Comparative transcriptome analysis on anthocyanin accumulation differ-
ences in purple-fleshed sweetpotatoes and their mutants
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Abstract: Purple-fleshed sweetpotato (PESP) is famous for the rich storage of purple anthocyanins in its storage root.
In this study, two groups of PFSP cultivated species and their mutants with light yellow flesh were used as materials, and
bioinformatics analysis was conducted based on transcriptome sequencing (RNA-seq) data of sweetpotatoes. |log, FC | =1 and
FDR (False discovery rate) <0.01 were used as screening standards to identify differentially expressed genes ( DEGs). Gene
ontology (GO) functional classification and KEGG metabolic pathway analysis of DEGs were performed, and real-time quanti-

tative PCR ( qRT-PCR) method was used to verify the
e B 83 :2021-08-03 sequencing results. After transcriptome sequencing of the
EE&W B [{ X & &3R5 H (2019YFD1001300, 2019YFD-
1001304 ) 5 EZ HARA 7\ B AR AR BTH (CARS-10)
EZET A A(1981-) BB INARE B WA RIRFST 0L, B
HH B EFFIIZ . (E-mail) koumeng2113@ 163.com were obtained by splicing and assembling. 2 262 and 1 546

samples, more than eight Gb data with high quality were

obtained for each sample, and a total of 164 427 Unigenes

WIIEE 24 98, (E-mail) instrong@ 163.com DEGs were detected respectively in two groups of sweetpota-
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to materials and their mutants, among which 244 DEGs were shared between two groups of sweetpotato materials. Results of
GO functional analysis showed that, DEGs mainly enriched in phenylalanine ammonia-lyase activity, pigmentation, flavonoid
biosynthesis process and anthocyanin-containing compound biosynthesis process. Results of KEGG pathway analysis showed
that, DEGs mainly distributed in metabolic pathways such as phenylpropanoid biosynthesis, phenylalanine metabolism, fla-
vonoid biosynthesis and anthocyanin biosynthesis. In addition, 27 candidate genes related to anthocyanin biological metabolism
were selected randomly for real-time quantitative PCR verification, and their expression patterns were found to be consistent
with the sequencing results. Results of correlation analysis on gene expression level and anthocyanin content revealed that,
relative expression levels of anthocyanin biosynthesis related candidate genes such as PAL-1, CHS, ANS, CCoAOMT, GST-2,
ABC-1, bHLH and WRKY-2 were in significant or extremely significant correlation with anthocyanin accumulation. The results
indicated that, the deficiency of purple color in the storage root flesh of two sweetpotato mutant materials was caused by the
decrease of expression level of genes involved in anthocyanin synthesis, transport and related transcription factors. Some can-

didate genes related to anthocyanin metabolism can be found by transcriptome sequencing, which lays a foundation for study

on their regulatory mechanism in biosynthesis pathways.
Key words:
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Fig.1 Two groups of cultivated and mutant materials
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®1 HBFERRGPHEXIKEEE qRT-PCR 5|4

Table 1 ¢RT-PCR primers of anthocyanin metabolism-related candidate genes

EIE E2A Unigenes %" F149-K(5'—3") 51¥5-R(5'—3")

PAL-1 TRINITY_DN139899_c2_¢18 TGCCAGGCAATTGATCTGAG AAAACGTATTCGCGGTCCAC
C4H TRINITY_DN127042_c1_g8 ATCTTGGTGAACGCTTGGTG TCTGAAGTCGTTGCCATTGG
4CL TRINITY_DN137871_c0_gl5 AAAGGATGCACGCACTTCTC AGTCAACATCACGCCTTTCG
CHS TRINITY_DN135554_c0_gb6 AGTGCTTGTTCGAGGCTTTC TGTGGCTCGGAGTTTTTCAG
CHI TRINITY_DN113691_c2_gl AAGTGGAACGGGAAAAGTGC AATACTGCTTGCCGCTCAAC
F3H TRINITY_DN93879_c8_gl AAGGAAGCGTTGACCAAAGC TGTTTTGCCGCCATCTTTGG
F3'H TRINITY_DN136727_c0_gl AAGGAAGCGTTGACCAAAGC TGTTTTGCCGCCATCTTTGG
DFR TRINITY_DN129724_c3_¢gl TGAGCATCCCAAAGCAGAAG ACCACAGGCAAGTCCTTTTC
ANS TRINITY_DN133085_c1_g6 TAATGCTAGTGGGCAGCTTGAG AATGCCCTCAGTTGCTTTGC
UFGT TRINITY_DN138985_c0_g14 AGGATTTGCAAGCGCCATTC ACACTTGCAGCTTTGATCGG
CCoAOMT TRINITY_DN124453_¢7_g2 GTCTGATGGCTACTGCACCA TCGTATGCTTCTCGGTCACG
GST-1 TRINITY_DN128107_c8_g3 CGGCTATTGAGGACGGAGAC CATTGATCCACCACGGCTCT
GST-2 TRINITY_DN134429_c6_g32 AGTACATCGCGCACACGTAT CTGAGCCTCGACTTCCATCC
MATE TRINITY_DN118813_c0_gl TTGTTCAGCTGGGGTACGAC CCACCCATCCTTACACCACC
ABC-1 TRINITY_DN135734_c2_g2 AGCAACATAGACCCCGTTGG CCGACGCTCCAGTTATCTCC
ABC-2 TRINITY_DN134923_c2_gl AGCCCGACTTGGTGTTGATT CTTCCACAGGCAGGCCATAA
MYB TRINITY_DN78368_c0_gl ACGGAAAACACCGTCGTTAG TGGCGTTGTTTCTAGTGCTG
bHLH TRINITY_DN140405_c1_g7 GAGGAGGGGGAGGAGAACAT TCCAAATCGGTGGAGGCATC
NAC-1 TRINITY_DN126684_c0_g4 AGGAAGACCGGAAGTGCAAG TCCGGCAAAGATTCCAGCAT
NAC-2 TRINITY_DN131121_c¢7_g25 GGTATTCTACGCCGGGAAGG CAACGTCGTTTTGGTCCACC
NAC-3 TRINITY_DN125836_c0_g3 AAGGGTACTGGAAAGCCACG TCCACTCCGTCTTCCTTCCA
WRKY-1 TRINITY_DN131403_c1_gl1 CAGTTTCAGGTGCAACAGCC CGGTGAAGGAGAACAGCACT
WRKY-2 TRINITY_DN140115_c2_g35 AAGGATTGGAGGCAGAAGGC AATCCATCCCCCGTGGTTTC
ERF-1 TRINITY_DN125829_c0_gl GCACCATCTTTACCGGGGAA CGCCATTTCTGGAGTGAGGT
ERF-2 TRINITY_DN131240_c1_g4 GACACCTGTGTAGCCGGAAA TCGCCGACTTTCTCGTTGAA
ERF-3 TRINITY_DN97917_c0_gl TGACTTGCCGCTTAAGGAGG TCACAGCCGCCTCAATTGAT
LOB TRINITY_DN132670_c2_gl CCGGTCATTCTCACTCCCTG TGAACTTGAGGGGGTCGGTA

o0 - Table 2 Results of sequencing compared with reference sequences
>0 , Reads (& B At G+C & 30
& w0 was e o
ﬁ; Al 27 738 973 8321 691 900 46.42 92.77
‘33 e 30 A2 30 277 853 9 083 355 900 46.48 92.88
g ) 20 A3 31 216 296 9 364 888 800 46.54 94.07
g) Bl 33 846 627 10 153 988 100 47.32 90.56
E 10 B2 34 982 897 10 494 869 100 47.13 92.30
ND ND
0 A B C o B3 33 518 659 10 055 597 700 47.99 93.04
Cl 38 196 180 11 458 854 000 47.99 93.37
IR c2 28 924 428 8 677 328 400 47.61 92.86
C3 30 550 454 9 165 136 200 47.79 93.90
AB.C.D L 12k, ND Fon AR AT 5 DI 38146 049 11443814700  47.31 93.74
H2 ZAHEREMREAREERREBTRIEER D2 35443300 10632990 000  47.60 93.27
Fig.2 Anthocyanin content in storage root of cultivated and D3 32 453 742 9 736 122 600 47.40 93.47

mutant purple-fleshed sweetpotatoes
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Table 3 Assembled results of sequences sequenced

H 3] S SEAR R BRI SSUN N K G+C i N50
(™ (bp) (bp) (bp) (bp) (%) (bp)

|- 45| 164 427 77 679 292 16 835 201 472 43.36 544
LT &N 183 440 91 725 016 16 835 201 500 43.22 604

N50 :FE IR BB AR SR A M B HERS , RANGE T AR LB KLY 50% 6 , X B SRAS 1 E

2.3 Unigene BIIhREFHE

JE T BLAST #2586 H 2 Unigene F5 GO,
KEGG KOG ,Pfam , Swiss-Prot il NR %5/ 3L % 4 [
HEAT X, 85 5 (£ 4) Bon, R E] GO, KEGG,
KOG .Pfam . Swiss-Prot \NR {48 % 4 Unigene 435
}56 0244 (i 57.83%) .25 1014~ (5 25.91%) .
47 3581 (5 48.88%) .48 209 1 (/5 49.76%) .
65 5981 (15§ 67.71%) .87 0474 (15 89.85%) . A
I, 75 NR i e b 4k 2 A LT 91 i 2, Horp
300 bp < JE#<1 000 bp [¥) Unigene A 40 859 4~( /4
46.94%) , KJE =1 000 bp (¥ Unigene £ 12 8744~
(5 14.79%) ;1€ KEGG $048 15 v 4% 2 A1 U5 51 B
B, HoH 300 bp< KJE< 1000 bp B Unigene A
11 632> ( Y 46.34%) , £ EE=1 000 bp Y Unigene
A3 9154 ( 5 15.60%)

# 4 Unigene T BHITHER
Table 4 Annotated results of Unigenes

HERER Unigene Unigene %( 1)

B(A) (A ETE

Bl e

BEMIEH 5 bon 1000
GO 56 024(57.83%) 27 519 9 423
KEGG 25 101(25.91%) 11 632 3915
KOG 47 358(48.88%) 21 840 8 052
Pfam 48 209(49.76%) 19 740 10 662
Swiss-Prot 65 598(67.71%) 28 183 10 630
NR 87 047(89.85% ) 40 859 12 874
SERAH 96 882 41 699 12 904
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x2S B P EIE T ES RN, R 1604
vs % 1604M FlI#4: 0571 vs £ 0571M 2 4~ Hedg 4 ih 4y
BRI E)2 2624 F1 5464 24 F Rk FEN . Hidr,

TEFR 1604 vs £% 1604M XF HL2H o, LR IREE A A
836 ™, FIHZILFE NG 1 426 4~ 744 0571 vs 12
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TR 0S7IM 2 M Z A Y b rp S 244 225K
R, Hop R R IR IR 12 4, TR R
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W BRI ARG R RN B A S
VG RREE RAEYE
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AW 11 D ASAEE =AW A s
AHICHY 10 FIEEAY Unigenes (€] 4) o X EB{RE Y251
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ZHH PR AR IR (15 1604 vs £ 1604M 13 0571
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HRAEW A KA DEGs # L H: 58 AR BE FpH Z 44
BE(HR 1604 115 0571) HAYF IR BREAR, JUH
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Fig.3 Venn diagram of differentially expressed genes ( DEGs) between two purple-fleshed sweetpoato materials and their mutants
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Fig.4 Heat map diagram of relative expression levels of anthocyanin metabolism-related genes
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Fig.6 Expression analysis of structural genes related to anthocyanin biosynthesis
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Fig.7 Expression analysis of lignin biosynthesis-related genes
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Fig.8 Expression analysis of transporter encoding genes related to anthocyanin biosynthesis
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Fig.9 Expression analysis of genes encoding transcription factors related to anthocyanin biosynthesis
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Table 5 Correlation coefficients between relative expression levels

of candidate genes involved in anthocyanin metabolism

and anthocyanin content
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