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Abstract: Sweet potato (Ipomoea batatas) is a globally significant food and functional crop, with its purple-fleshed va-
rieties drawing particular attention due to the high anthocyanin content. Anthocyanins not only give the tubers distinct
color but also possess antioxidant, anti-inflammatory, and disease-preventive physiological functions, making them
highly valuable in the development of health foods. However, the biosynthesis of anthocyanins is regulated by a
multi-level network, and the role of bHLH transcription factors in sweet potatoes has not been fully elucidated. This
study focused on the sweet potato gene Tai6.33665, aiming to clarify its molecular characteristics, subcellular localiza-
tion pattern, and regulatory role in anthocyanin accumulation, providing a theoretical basis for molecular breeding of
high-anthocyanin sweet potato varieties. Using purple-fleshed sweet potatoe (PFSP) and white-fleshed sweet potatoe
(WFSP) as materials, the study analyzed the protein structure and evolutionary relationship of Tai6.33665 through bio-
informatics, detected the gene expression pattern using qRT-PCR, constructed a Tai6.33665-GFP fusion vector for tran-
sient transformation in tobacco, determined the subcellular localization using laser confocal microscopy, and analyzed
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the correlation between gene expression and anthocyanin content and the miRNA interaction mechanism. The results
showed that the protein encoded by Tai6.33665 had a typical bHLH domain and was highly homologous to anthocyanin
synthesis regulatory factors. Its expression level was significantly negatively correlated with anthocyanin accumulation
(P<0.05), and it was targeted and inhibited by ib-miR52. Subcellular localization indicated that the protein was located
in the endoplasmic reticulum, suggesting that it might indirectly regulate metabolism through post-translational modifi-
cation or the endoplasmic reticulum pathway. This study confirmed that Tai6.33665 acted as a negative regulator of
anthocyanin biosynthesis in sweet potatoes, and its function depended on subcellular localization specificity and
miRNA-mediated post-transcriptional regulatory networks. This discovery not only enriches the theoretical framework
of plant secondary metabolism regulation but also provides a dual-track strategy for molecular breeding by targeting
knockout of Tai6.33665 or overexpression of ib-miR52 using CRISPR/Cas9, the genetic limitations of anthocyanin ac-
cumulation could be overcome, and new high-anthocyanin sweet potato varieties could be developed. Future work
would focus on elucidating the interaction mechanism between the gene and MYB/WD40 proteins, as well as the regu-

latory pathway of its transcriptional activity by endoplasmic reticulum localization.
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— 5 —4m ) H Axygen EFE RIS & Ui
Vg = e |- NI i e A U D

FHl Sal I ( TaKaRa 2\ A : No.1080S ) P4 V)it i
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Tab. 1 Gene function annotation of Tai6.33665
2 4 JoyEy, A7 55 R . e 4 1 )5 4K B
S B oy SR BB gy PURCEUIE DI DRIy
. L Scientific Total Query Percent iden- Accession .
Function description Max score o Evalue . Accession
name score cover/% tity length
Anthocyanin bHLH transcriptional Ipomoea 1169 1169 80 0 99.85 667 QMP81308.1
regulator batatas
Putative transcription factor bHLH2 Ipomoea 1129 1129 80 0 97.46 667 AEA34965.1
batatas
bHLH2 transcription factor Ipomoea 1110 1110 80 0 93.93 674 AFV33952.1
batatas
Transcriptional regulator bHLH2 Ipomoea 1095 1095 80 0 92.9 672 AHH29256.1
batatas
Putative anthocyanin transcriptional Ipomoea 1070 1070 80 0 93.31 669 ABY26934.1
regulator lacunosa
Basic helix-loop-helix protein A Ipomoea 1067 1067 80 0 93.73 665 XP_031100393.1
triloba
Putative anthocyanin transcriptional Ipomoea 1059 1059 80 0 92.61 676 ABY26933.1
regulator trifida
Putative anthocyanin transcriptional Ipomoea 1011 1011 80 0 83.70 683 ABY26937.1
regulator hochstetteri
Putative anthocyanin transcriptional Ipomoea 980 980 80 0 82.82 684 ABY26935.1
regulator violacea
Putative anthocyanin transcriptional Ipomoea 971 971 80 0 81.33 659 ABY26931.1
regulator quamoclit
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Fig. 1 Amino acid sequence alignment of Tai6.33665 and its homologous proteins
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Fig. 2 Phylogenetic tree of amino acids of Tai6.33665 and
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Fig. 3 Amino acid hydrophilic analysis of Tai6.33665

2.1.5 Tai6.33665 & a5k, HBLEHM . BB
fedz & Fm @I SignalP 4.1 #EX] Tai6.33665
B AR5 AT T BN B, S5 ange 2 By
N, ZEEM C-score {H-N 0.129, Y-score {H N
0.133,S-score {EL°N 0.197, {55 FHI{E A 0.140,
IACEYME R 0137, B AAETEAR F K, Ui
HOEAE W T, AEAN IR AR VE .

& 2 Tai6.33665 &R AIE S RATM
Tab. 2 Prediction of signal peptide of Tai6.33665 protein

SR=h
5H (o AME I "sj. o
Item Position  Value Cut off 1gna
peptide
WRIFLGRETY) (C) 29 0.129
BREGAHY (Y) 12 0.133
HS MR RME (S) 38 0.197
55 I 1E 1-11 0.140
JNACTE- #5118 1-11 0.137 0.450 NO

Tai6.33665 1 [ Y 5 L5 Ui 45 5 (&1 4)
TR, TR b AR AR I 3 AT o] 255 5235 44 [X 4k
( TMHs i A% ), RUPIHA B A BRI,
WA R B IR

i# 14 NetPhos 3.1 ( https://services.healthtech.
dtu.dk/services/NetPhos-3.1/ ) 7£ £k % 4 Fit il
Tai6.33665 & HHETERRRIL A, &HH BB TEwE
PR A s TTTI s B Ry 25— i B A e Tt
Mk 0.5 B, AL BOA N EBERR LA . R
HTE22 %R (Ser) LHIA 42 DMHERRIGAIS, TE
SRR (Thr) bBAT 234, TEMSER (Tyr) BA
54 (K 5), XM Tai6.33665 fith ) & 45 &
B2 B 22 R W BEIR AL AB M , T 5 20 R R I 2 PR
T 380 oy B A ) A
2.1.6 Tai6.33665 &G —4 ., =R LHmMmn @&
it SOPMA #4431 Hr Tai6.33665 25 1 19 — 4544,
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Fig. 4 Prediction of transmembrane structure of
Tai6.33665
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Fig. 5 Prediction of phosphorylation sites of Tai6.33665

GPRINFR 3 PR, AR E A 4 FERY
sy, b e 2R o-18)E (alpha
helix ), A 286 4>, [itb 42.88%; JGHLIIH: i
(random coil ) 277 4>, H I 41.53%; FEfH4E
(extended strand ) 74 4~, b 11.09%; B-Ir&
(beta turn) 30 1>, (it 4.5%, Tai6.33665 & H
(R 2548 B2 o BB E TG R 65 1 A4 e

% 3 Tai6.33665 FHK ZHKEHTFN

Tab. 3 Secondary structure prediction of Tai6.33665
4t Kt e
Structure Number Percentage/%
Alpha helix (Hh) 286 42.88
310 helix (Gg) 0 0
Pi helix (i) 0 0
Beta bridge (Bb) 0 0
Extended strand (Ee) 74 11.09
Beta turn (Tt) 30 4.50
Bend region (Ss) 0 0
Random coil (Cc) 277 41.53
Other states 0 0

FIFH SWISS-MODE # {4 il Tai6.33665
B =gy, S8 ZR 50 AR ( Templates ),
FEE 4 T (models ) (18] 6A~8 6D ), #hgk
) 4 DR ER A RIE 2 Bk, B8 ik
( monomer ) £5#), HITEHEA (ligands ), HHp
model 01 ) GMQE {# 0.61 Hc3%3T 1, FHH—5L
PEEAT, AT BE ey, H7P 91— 3Pk (seq identity )
ik 96.83%, i (coverage) SN 0.99, jzpE#Al
ik 4 putative anthocyanin transcriptional regu-
lator, H=ZELEHUNE 6E FiR .
2.2 Tai6.33665 4w A5 & 1 AU 24 R 7E i 53 47

H T Tai6.33665 FFIIY A, H
CLF B 4 () Tai6.33665-GFP k1A Uk % A AT
GV3101, BERFAL A QAL 280, HiI4E
YR, FEWOLILRAEDME T g, R, s

B 6 Tai6.33665 & A M =2k £+ Fil

Fig. 6 Prediction of tertiary structure of
Tai6.33665 protein

BARFLAL AR FT IRAVE A X R S5 5RWE 7 Fios,
S A0 A PN 5T I DX B T S B
(ML FIA R TELIM I L, AR
NGRER, AR E N T Azt
AIRGERSEN, R — R T 5 — 28, R SE 4
JHIA% 5 AR 0B K AT R L E B L ), 4R
T GFP W75 AR AH LL , 2 600 B WS o o 35 BL 4 T
Tai6.33665 & [ Al i o7 T M B M .
2.3 Tai6.33665 # ib-miR52 B R IEEX
ALY B RNA $R U & P2 BOH AR
&ORNA, 12 NFESL ) RNA WK EEAE 686.86~
1394.47 ng/uL Z 8], Agso/Aago 7E 2.15~2.19 ZJa] .
XTI A FE S AT 9O s A AR Ct {E, R
2Ny ek MR AT SR A M IR AR . SR R,
ib-miR52 MR A | S HEIMEFT RN T HEIE
HHIEFK R ; Tai6.33665 1K L5 ib-miR52 1A 4f
R, 5 HEYAREE RN &2 AAHX R
8 )o HEIM ib-miR52 i ik #1 [n] Tai6.33665 1F 4% H
HEHMR A E RN E, Tai6.33665 i H#
b5 R R,
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Fig. 7 Subcellular localization of Tai6.33665 protein
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FRAREFRFE (P<0.05), *FRERWEE (P<0.01),
* indicates significant difference (P<0.05), ** indicates extremely significant difference (P<0.01).
B 8 ib-miR52 #0 Tai6.33665 & HHRIX 4
Fig. 8 Expression analysis of ib-miR52 and Tai6.33665 gene

3 itig

WS E A AR B A0 E A K
FBHT, WA T H 2 Tai6.33665 JL [F7E 4L
HEAB IR S MEEH . AWiE B 2E T
N, Tai6.33665 Zmfid & 1 H A R bHLH
gk sl, S5 E R A BSR4
QMPS81308.1 ) & VR ., bHLH % %K F1EM )
WA AR A rp B RS, e,
SIAN2-like #iT45 4 MYB EEMIE T Z S
W (DFR, ANS) gkl sk, AR5 %
P Tai6.33665 MRk AT R RE B E A
Ko, X — PG HE R HAT REAE Sy B8 2 IR 1S 1 A
BERA M. KU, LIRIT R MYC2 it 554
PEgES MYB EEMHAETZ 4R, KW
FEHLHIFERE Y HAA s

A E IR F B, Tai6.33665 2 7] fig
FE AT PN T P85 AR AN 2R R B 3 T
WS 5555 SR R g F A
J W58 o7 B (1 BIP3 3l i 0 5 K 37 B 2R A R
(UPR) My AR, Tai6.33665 HIE s
P T R 2 B L a5 0 R S I () 2 AR AL
FAA, nE R R N R S R B i
(anmmafl ). A, NS INS 20 A% =2 ] 1) Rz
il 37 55 MCSs P BEA G5 55 [ 7 g Pl e iz 1
KT — 25 0 UF H 5 D) RE SR HK .

ARWF5E &P Tai6.33665 MRk ST RS
BHOMK, ZRFHARBERN®RE, &, 75
118L 4 Tai6.33665 [t ih75fb A ik 5] i /K
o WHRHE (118L) #H X mlfk, Hik
HRAH M AL T 28 B RORH DG 1 TR I 4% 1T R AR 3R
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724 . H# Tai6.33665 LKA W{E B2e . AN RE v M 3R B AT 2557

KA BB AR, XATREFE: (1)
Tai6.33665 7 B 7£ 1A 3L Al R IABI X S5 E RN
M FPAETE 22 S, ARG BE AR /N (2) i3k
KIS, BORKM (41 qPCR ) A28 A X K
AN Rk 22 T e A R g it W g M (3)
HCVHA G T W SE R AT BB AE (A AR R Bk
IR B, 145 Tai6.33665 M REIEAA LT &
Ji, REHRIR G E A Y 2R
PIRAFAR M .

AW & B ib-miR52 5 Tai6.33665 (14 ik &
A . miRNA 382780 ) B A mRNA S i) B
B2 HRNFEFED 3RS miRgsS HE
f] MYB §i 5% N7 i &0, it b
ib-miR52 ] &3 i LML il Tai6.33665 5%
SEIEPE . AL, miRNA 555 10 HAER 45 2
AP R s, WoKFEH R miR529 38 i 1 )
OsSPL14 i #2 43 BEUT | 4 7R 75 3l 5t 3t 46 46 iF
ib-miR52 55 Tai6.33665 F{ 150 ] 2 & .

TR FE R R R o F B R R TR R
U CRISPR/Cas9 7 A T4 s o Fm i H 2 b i
TER A MR RE A, R m R e A
#r Tai6.33665 Bk h 6T & & B 1 i 45
T, HmbRek ek o0 vl A i E TR A
HF RS E, A, 5T miRNA B ERAR (0
AT, miRNA &1t ) A H T m a4 bR A
F3R08 ) FER A, WMYCL 3E 5 WMYBA JE
EABE AT AWM, miH 2 1bMYCL ]
SRIEFAEAE R, AR % B Tai6.33665 11
PETIRE, A — 3 P S R 53 A2 AN TR ) A el 41 21
TRl XA I RE AR E AT REUR T3 &
HE B S A SUBT S REALY i et N
2z — 2 AT

4 it

AR R T H 2 Tai6.33665 I K 4E N
bHLH %5 R0 51, 3l PR SF A 2R 1 4540
WS 5F RGO . HRRES5E
HBRMHARZELENAIC, HZ ib-miR52 H [a] 1 il 5
A0 L E AL AT R BZE HE AL TN B, HED
AT 38 PN T R S B O 4 R I 18 i
{555 S o XU R U & T AR AE A
P 25 1K) 43T HILIR A6, -t Sk 1) 366 DA 4 i R
( 7 CRISPR/Cas9 ) #E[n] i 45 Tai6.33665 =}
ib-miR52., H5H LT & T 25 il Fh 4 L HE e ARk Hin

AR 7 18] o
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