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Epigenetic regulatory mechanisms of purple sweetpotato mutant formation

LIU Shuai, MA Peiyong, GUO Ke, JIA Zhaodong, YU Yang, ZHANG Qian, BIAN Xiaofeng
(Institute of Food Crops, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract:  Purple sweetpotatoes are highly valued by consumers due to their rich content of anthocyanins. However,
their frequent mutations seriously affect the stability of purple sweetpotato varieties. In this study, Ningzishu 4 and its mutant
were used as research objects. The analysis of their phenotypes and physicochemical properties revealed that the mutant had
significant changes in anthocyanin, B-carotene, and starch content, while there were no significant changes in yield and most
phenotypes. Through transcriptome sequencing analysis, a total of 313 differentially expressed genes were identified. The rela-

tive expression levels of genes (IbCHS, IbCHI, IbDFR,

%5 A #1:2025-01-03
ESTNE . 5 S HH T H (2023YFEO111700) ; 65 1 44l IbANS, and IbC4H) involved in anthocyanin synthesis and
S AT (32101787 ) 5 U135 4 il 4 2448 B £ 0 51 transcription factor-encoding genes ( [IbMYB R2R3, Ib-

[JBGS(2021)0107 s 5 H 2 = ) 4% A & Z 39 H ( CARS - bHLH2, and IbWD40) in the mutant were significantly low-
10) er than those in Ningzishu 4. In contrast, the relative ex-
YEZRA K IP(1992-) 3 TTHRERIA, T4 By BIfE ST 5, R pression level of the gene (IDAGPL2) involved in starch
MEEHE BT MIFIE, (Tel) 025-84390309; ( E-mail ) synthesis in the mutant was significantly higher than that in
598045053@ qq.com Ningzishu 4. The relative expression levels of the gene IbC-

BIRAEE 3L/, (Tel) 025-84390309 ; ( E-mail ) 43537920@ qq.com MT2, predicted to be a DNA methyltransferase, and the
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gene IbJMJ25, predicted to be a histone demethylase, in the mutant were both upregulated compared with Ningzishu 4. By

analyzing the changes in global methylation levels using N6-methyladenine dot blot (6mA) , it was found that the DNA methy-

lation level in the mutant was significantly higher than that in Ningzishu 4. Further analysis using bisulfite sequencing ( BSP)

revealed that the DNA methylation level of the transcription factor MYB2 in the mutant was increased. The results of Western

blot showed that the modification levels of H3K9me2 and H3K27me2 in the mutant were significantly lower. The above results

indicate that the phenotype of purple sweetpotato is due to changes in epigenetic modifications that inhibit anthocyanin synthe-

sis, thereby causing the corresponding mutations. This study is the first to elucidate the mechanism of sweetpotato mutation

from the perspective of epigenetic regulation. It not only provides new ideas for the epigenetic research of sweetpotato but also

holds promise for developing new methods of directed breeding in sweetpotato based on epigenetic regulation.
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(6mA ) FINF A7 i & R A0 3L I 7 7% ( Bisulfite sequen-
cing PCR,BSP) 73 A7 AE U 558 A5 2 [B] ) DNA HH &
fb25 57 R 8 BT ER I (Western blot ) 25156 43 #1 BF
A 5 SR 2[RV 2 4 B AT 1 26 s il 2
G trAe e 0 H R AR SR AT REAFAE I R L
il , AR A5 H B0 ) B Rh SR AR B BT

I BPRS

1.1 RIE At

BEXM B TE A L BB B 1 T 555 4
5 (G5 NY4, i FECS . CNA20160400.4 ) K H 5874
R W4, TEVLHE Z X (TS A X R
BOKIX & m s TiEtm X 286 TIRER 2 iyt
B LT K BAE) SEA TR PR R A R
1.2 HEXRBMEEELISFRHNE

eyt i R N e A
REFEHZAK 110 d BHEFTINE

B-HHEE N Z S G g T PR 1.0 g LR
an AR R A 2 TR R A S | I R RIS 3 ~ 5 UK
AR FRIORTC (L, K 4R IO RN 5% i 4R
BT 25 mL AR, FHNEE % 2 25 mL, 8 000
v/min 0 5 min; B IS, GG EETHE 454 nm
P T IE W SCRE DR R 1 em, R 3 K, BUF
B, HRAXBHE b FES & (mgke) = ExVX
1 000x1/E,x1/Wx10, X E AHESTE 454 nm 3
KM E, &N 1% 0 B-TE N E T
SWRAE 454 nm BT BIMGEE s V e S v il s
MIE AR (mL) s W oNFER B R (g) .

HEPIEE RS NE I Rl ~2 ¢ fif
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3~5 W, BERIEE A e 2 P BEZS 2 100 mL,
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IERE TR L I HAE 530 nm ARG
FEEE (AETE RO TE K 530 nm) , fEHF R G it
(C) i+ AR, €= 1/958% V/ 1 000X 1/Mx ABSx
100 000, = H1,ABS A6 EE TR RE ;958
ABS e o H BRI SR REGC MIEE R &
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S TR (575 : KR118, TIANGEN 24 w7
i) FC il S AR &R |, FH ThermoFisher %) Applied Biosys-
tems ZEIERERE PCR AT RT-qPCR 7347, LUH 1Y)
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1.5 5|#¥igit
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6 SEA AT, i BLAST 7£ Sweetpotato GAR-
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XTIV AT 8 S fih 41 (CDS ) |, 5w 78 32 B B R A+
AA5 B AL (NCBI) 8 BLAST 35 ( hitps :// www.ncbi.
nlm.nih. gov/tools/ primer-blast ) 353154, 51 ¥4 %
70~ 150 bp , fFEENLEE (T, (85) “H50~60 °C ., BrH%EH
A IbMYB-R2R3( Tai6.51885 , Itr _sc000228.1_g00009.1) .
IbbHLH2( Tai6.28734, Ttr _sc000073.1_g00007.1) . [bWD40
(Tai6.49295, Tir _sc000023. 1 _g00011.1) | IbCHS ( Taib.
46186, Itrk_sc0009821.1_g000001.1) IbAGPI12( Tai6.1402,
lir_sc000127.1_g00037.1) .IbJMJ25 (Ipomoea_batatas_ne-
wGene_9183, Iir_sc001123.1_g00016.1) . IbPMT13 ( Tai6.
40366, Itr_sc000071.1_g00024.1) . IbPMT26 ( Tai6.48835,
Tirk _sc0001516. 1 _g000005. 1) , IbCMT2 ( Tai6. 7118, Tir _
5c001106.1_g00003.1) , [ LK 24 7k 5 3655 N 0 25
Sk A ZE 6 SR E Sweetpotato GARDEN g
JE,
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(EFHESLINAL DNA SR (B2 50 TSP1OI,
TSINGKE 23 )77 i ) #2HU DNA, f#i FH EpiTect Fast DNA
Bisulfite 180 &2 [ 5245 59824, WIAAEY) TRE (RN A
BT i ] XHEIRY DNA 17 B WA R AR AL B, %%
ALHIFY) DNA 4 800 ng, AP BRE AN F, il
FH MethPrimer PIESH2AERFERIZE DNA J751 CpG 53T
A4 (http :// urogene. org/ cgi-bin/ methprimer/ methprimer.
cgi ) X 7 B AN 1) B 1Y P 5 WG AT TEZ 3 B, T
Methyl Primer Express v1.0 #4519 (£ 1) FHEFR}
AW RS w118 2XTSINGKE Master Mix (blue) R&
BT HEC PCR SR, 758 H A IXIREY CG & FrBE, il

BRSBTS S5 4 PCR P 77007 (2 plL
FhAR+6 L TR ,7E 300 V &1 T HIVK 12 min 7, 4
SESY BB R BO MY B AR . s DIl
PCR 38 W)f5 ] TA vebiail o G #e3 T 44k
o PG WIHACRIGAT RS IR IRTE LB 3Rk |
PR R A B SR PRTER 224 TAE) TR (1) Jedy
AR FII IR, A FARBRER 10 A FeREE 4 T
Jo AR PR 2% DNA B M0 R & (58 5 0
GEO101, F 5 R YR AT FR A F]™ i) F1 pClone007
Versatile Simple Vector i8] &5 (5554 TSV-007VS, B 5%
ERVEYRHEA BRA R ) AU 45, TA selEily
455 BiQAnalyzer B 04T, Gt L ASIEAL

R1 ERISEEEFEE R PCR &N 5 #1571 FEHRER S 42 R 7% ( BSP) B934 7 51

Table 1 Primers for real-time fluorescence quantitative reverse transcription PCR ( qRT-PCR) and bisulfite sequencing ( BSP)

14 Fx Em5IHIFESI(5'—3")

S 51 MR (5'—3")

IbTublin CAACTACCAGCCACCAACTGT
IbMYB-R2R3 CTCGGACGACTCCATTGACC
1bbHLH2 ACGGAGTCCGAGTGGTTCTA
1bWD40 GCTCCAGGCACATTTCCTCT
IbCHS TCCTCTCGGGATTTCCGACT
IbAGP12 CGCTTCTCTACTAGCCACCG
1bJMJ25 AGGAGCAAATGGTGGAGTGG
IbPMT13 AGAATGTTGCGACCAGAGGG
IbPMT26 GCTTTGCGTGCAGAAGACAA
1bCMT2 AATCGGACGATGTTGCTGGT
MYB-BSP-1 TTAGAAGAAGGTGTTTGTTATG
MYB-BSP-2 GATGTGAAGAATTTTTGGAATA
bHLH2-BSP-1 GTTACGTAAATTTGTGTTTTATT
bHLH2-BSP-2 TGTAATTTTTAATTTTATATGT

CAAGATCCTCACGAGCTTCAC
GCAAGTCCGACGTTGTTTCC
ATTTGCACCGGTGAGCCATA
GCTCCAGGCACATTTCCTCT
TCCACTTGGTCCAGAATCGC
GTCTGCTCTGTCAGCTTCGT
TTTCCTCTGTCGAAGGGTGC
CAGGTGTCCCGGACTCTTTC
CTCTTCGGCGGCATCAAATG
GACGTTAGTGGTGACCCGTT
TTAAAAATTTTCCATTAACAAA
CTAATACTAACGACAAAATAATA
AACTATAAATCCACTAAACAA
CATTATATAAACAAAACTTCCAA

1.7 6mA BE=EDEiXLE

6mA B 5 ENT %S M Wang A0V i 5k ,IF
e B0, Sets DNA FEa a3 e el |, 1558
1o SEAMR AR BN 1 SRIEHT 0. 02% 0 i e 1
(ARTE 0.3 mol/L BERRENVE WL b, ISR 1435 pH
H%5.5), RO)5F, H0.5% L SEGR R4 (SDS)
FITBST (%A Tris-HCI 2% 0 R T Tween MV )
VIR, SR JE 5% BRE WAy (1XTBST) B M1 1 h, FEHAR
J5 5 R 6mA HLAK (L5 R ab151230, 14 H
Abcam A H] 21 © 5 000 ) 76 4 CHEF IR, H5
JREFH TBST BE# T, AR Sy 3k A (1g6)
(W H Santa Cruz Biotechnology 7~ H)) % H , & i
TWHE 1 h, 7/ Amersham ECL Prime Western Blot-
ting Detection Reagent (It %5 24 GERPN2236, 4 H
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1.8 AEARIRE
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fitEmI ], K R AR T 13 000 v/min 4 CEO
10 min J5 RBR_ IR, B S RRUZ 2RI A 50
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BB |, R PR I R SRR (10 s FF,10 s ¢, B
FoM300 W), B TFUK EF I 10 min, BEG , IIASREOR
B(0.2 mol/ LK) , AEVK Ll & 30 min J5 2Bk LI,
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WIFAUARTE 4 CHEIR AT O & | FIehuiafii
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5312) Fll anti-Kac (PTM-102) , L) anti-H3 15}y ) 2 %}
IR, HI IXTBST ¥ 3 ¥R, 45K 10 min, IR AT
ZHUBEE 1.5 h, A IXTBST J#%% 3 ¥, 47K 10 min,
A TSIk B CRGHEA THLAR AL B

2 HERE

21 TEEASRERTEHEAORIMEBLIFES

TELFM TR E 4 SRy A 5w
K B R 5 AR | X e G AR IRAT 1 Ry S
FH 25 R 5000 S8 A SR 78 W B2 TR0, B BRI
RN KSR A AR R A TR E 45
(5 AR IR 2555 B v B B JE AR RETE B 1 ] AR st
T BT SRR 52 38 (W4) (K 1), XFEK 110 d 1)
TERE 45 (NY4) S H AR (W4 ) 1 H ] 3 74
T84, £ 2 85 R BN NY4 W4 B | A 2k
AR—F, ANt 5 AR O HAR O SR
G RTR Z AL H AT W4 B T00H- € 48 60 735 il
Tarte, WA, S R A B
AL LS ER (PRI ) RS AL (4~5 1) %
fH25 NY4 0L, W4 125 Bt i R a el T
P68, 55 PR (0 55 00 A8 o T B

A H B 2200 NY4 3 E 053 1 (] SR 5 s B H i S 22000 W4 3843 ) Y C . H SO ) NY4 78 [ ] 2828 (R 28 1, D oK
[FIBBE NY4 (350 (A2 AT KU 75 v U bk T 38 SO 5 A S U0 T | SO B B A R ok 2 S H B U LU i s B RS R B Be
W4 R (NS B A MRS & e TR T 38 v I o S R SO T SCAR B BRSBTS H S AR B DD

El1 THEE4S(NY4) RERETER W4 HIHBERE

Fig.1 The field phenotypes of Ningzishu 4 (NY4) and its mutant W4
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FR2 TEEIS(NY4) RERTE W4 fERIAZE

Table 2 Investigation of characters of Ningzishu 4 (NY4) and its mutant W4

b i ] Tinf £ SE 4N BB B 74 (kg/hm?)
NY4 LG itk g £ e AR %K 3 465.5+13.6
W4 LI Al g, £ M #HAn, 3 450.4+10.3

KT T i NY4 W4 555 10 22 5, %)
NY4 W4 FEF RS @ - b REE ENSTE
FRT s M o B S AT TR, 26 3 B, NY4,
W4 T & A B E 2R U We ISR
TR NY4 W 3 AR (P<0.01), HH NY4 1
207.2 mg/kg % i 16. 8 mg/kg; W4 Y B-IHE N &K

#*3 TEE4IS(NY4) RERTE We B HE

B NY4 W T (P<0.01) , M 40. 0 mg/kgii
T+ 60. 0 mg/kg; 5 W4 M EL , NY4 AR TER &
AT A B R (P<0.01) , TLAE TE R
i 0 E S (P<0.05) |, M SCHEVERS HY & B A 2
FEWE, FIREGSIREY] BRNIE R EE ST
A TER S U

Table 3 Physicochemical properties of Ningzishu 4 (NY4) and its mutant W4

o T A HHERGH M MREAE EhEE HEERE R CCEEER S R
" (%) (mg/kg) (mg/kg) (%) (%) (%) (%)
NY4 28.98 207.2+3.0 40.0+1.0 54.1x0.3 24.220.7 30.30+0.20 13.2+0.6
w4 28.50 16.8+0.2 60.0£1.0* 60.5+0.5™ 28.5+0.6 " 31.90+0.40 19.9+0.6 ™

YU AR W4 5 NY4 AR 2E R B (P<0. 05) MR (P<0.01),

22 FEEA4SRERTEHEMNERASH

KT — 5B NY4 RAE B HLE, X NY4
W4 BT SR b, AR B, SRR A
%¢ (Mapping) E| 2% H H 41 19751 H Bt (Read)
FL 145 K F 70. 00% , H A %K HE ( Clean data) Ji
T =30 WIBREET 5 H A LA/ T 93.31%, 3R
B AR Y 7 BH 1 o it R A, R REER A SE R iR AT
SEIFHE G E B W6 5 PCR (gRT-PCR) AU AIE, 36
TEZE R 5 5 SRR A AT (I 2A) W DL Tk —
.

SR P IL R B 313 22 R LA Ho
175 ik it B, 138 M RiA s MR, FRALRRE S
ras R s, Wa 19 3E 8 & & B RS M & 2
NY4 5 25 50 1 2 4 &, A6 7 3R A0 % AL 3
16. 8 mg/kg, P, FATHE SR TAAE R G B K
FE DR e VE R B BGE [ L AR DGR

S SRR s A6 E 2R G A G R IbCHS |
IbCHI IbDFR IbANS N IbC4H WIAHXT 15 HEAE W4
HEREL NY4 ] B (B 2B) , 2 5 EEF R G
WAL SR I TS 2L ) IbMYB R2R3 IbbHLH2 Fil
IbWD40 [ FI X 35 T4 NY4 B B RRAL, L H 2
IbMYB R2R3(E1 2C) . HHULHED , 55258 A8 ] g
AT g sk R 7 1 e 58 52 B, TS T 4

HERMNE, £ 12035 MG R T,
IbAGPL2 WAHXT ik /0 W3 & (I’ 2D) . (HASE
B, EEFFRBIHE D LR 3 S 5EAMR
H AR A B IR BT 150 SR i R 2 e V- FP
RS EE IDPMTI3 IbPMT26 L) J 20 75 1 25 W AL il
IbJMJ25( B 2E) . Z5 b HEN NY4 BY58 28 AT e T
FOUMEA A Al 52 ) T A I A S -1 58, i
o T AET R TEMIIN AL,
23 TEE 4 SRHERTE DNA BENLKEHTL
h T HE— BT NY4 1 98 28 5 R M AE M 1 5%
Z 5 NY4 W4 [ DNA B ALK S 17 40 Hr, i
it 6mA BE & EE XS NY4 W4 [ 4 58 R 4 H AR s
MAEFT M, SR w228 W4 1) DNA H 3Lk
K5 NY4 FH I 42 (B 3A) o ieAh, FRATTHE
SR B T R 1 AN DIRE TN DNA H LA
B LD IbCMT2 iZFERTE W4 TR AEXT R A S
NY4 A Eb B 5 12 5, 38 4 52 ) 56 Ol o 3 i SR
PCR #— 2P B0k 13X —45 8 (K 3B) , il X iz 2
PR HEATE5 R AT, & LB S8 48 1% DNA L
FERGLEA IR (R 3C) o [IEIEIER A Hr2s RBH , %
S SO B D) BE Y DNA H R FE B i CaC-
MT3 BYIRIVESE R B0 (K 3D) , R IbCMT2 16 H %
Hal et B DNA FELEERS I T AE
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Fig.2 Some differentially expressed genes in the transcriptome data and their validation by real-time fluorescence quantitative reverse tran-

scription PCR ( qRT-PCR)
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