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Construction of yeast cDNA library of Prunus humilis flesh and screening for
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Abstract: [Objective] The flesh of Prunus humilis has bright color, unique flavor and significant economic

value. However, the molecular regulation mechanism of flesh color remains unclear. In this study, the yeast
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cDNA libraries of P. humilis flesh were constructed, and Y1H method was used to screen upstream
regulators of the anthocyanin biosynthesis gene PhLDOX, aiming to lay a preliminary theoretical foundation
for revealing the color regulation mechanism of P. humilis flesh, and provide important gene resources for
future molecular breeding of P. humilis. [Method] Flesh samples from red- and yellow-fleshed P. humilis at
different developmental stages were used as materials. Yeast cDNA libraries were constructed via Gateway
BP and LR recombination reactions. The expression pattern of PALDOX and cis-acting elements in its
promoter were analyzed using RT-qPCR and PlantCARE. The promoter sequence of PALDOX was cloned
and used to construct a bait vector. The regulatory factors were screened from the libraries by YIH and
further identified in combination with transcriptome data. [Result] The quality identification of the primary
library revealed that the library capacity and library titer were 1.6 x 10" CFU and 8.0 x 10° CFU/mL,
respectively. The secondary library had a capacity of 1.6 x 10’ CFU and a titer of 7.8 x 10° CFU/mL, the
recombination rate was 100%, and the average length of insert fragment as more than 1 000 bp. The
expression pattern analysis showed that the expression level of PALDOX gene in red flesh was higher than
that in yellow flesh. Promoter sequence prediction showed that the PALDOX gene promoter contained
various light-responsive elements, hormone-responsive elements, and transcription factor binding elements.
Y1H combined with expression pattern analysis demonstrated that three transcription factors, including
ERF/AP2 (Ph0214288) and WD40 (Ph0209298, Ph0209443), could bind to the PALDOX gene promoter.
[Conclusion] In this study, high-quality yeast cDNA libraries of different colors flesh from P. humilis with
were successfully constructed. Three regulatory factors, which may be involved in anthocyanin synthesis by
regulating the expression of PALDOX, were identified. The results provide an important theoretical basis and
key candidate gene resources for further analysis of the molecular regulation mechanism of flesh coloration
in different colors of P. humilis, and have important application value for subsequent molecular breeding and
quality improvement of flesh color traits in P. humilis.

Key words: Prunus humilis; fruit flesh; PALDOX gene; anthocyanin; cDNA library; yeast one-hybrid;

transcription factor; coloration regulation mechanism; molecular breeding
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Fig. 1  Flesh color of different P. humilis germplasms in various developmental stages
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Tab. 1 Quality of total RNA in flesh of different colored
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FEA TR JREWE/(ng-ul ™ SBE/ug  ODyg/ODyg
R-Ph-56 557 55 2.12
R-Ph-70 656 65 1.87
R-Ph-77 716 71 2.08
R-Ph-91 917 91 2.06
R-Ph-98 518 51 2.06
R-Ph-105 608 60 2.16
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Y-Ph-70 671 67 1.85
Y-Ph-77 712 71 2.08
Y-Ph-91 667 66 1.96
Y-Ph-98 866 86 1.85
Y-Ph-105 593 59 1.81
Y-Ph-113 624 62 1.89
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Fig.2 Total RNA agarose gel electrophoresis results
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Fig. 3 Purified mRNA agarose gel electrophoresis results
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Fig. 4 Double-stranded cDNA synthesis electrophoresis result
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Fig. 5 Colony growth of primary library
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Fig. 6 Identification of primary library single colonies by PCR
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Fig. 7 Colony growth of secondary library
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Fig. 8 Identification of secondary library single colonies by PCR
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Fig. 9 Analysis of expression patterns of PALDOX gene of red and
yellow pulp in different periods of P. humilis
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Tab.2 PhLDOX gene promoter sequence cis-acting elements
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Fig. 10  Sequencing results of bait vector pHIS2-proPALDOX
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Fig. 11  Self-activation detection
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Fig. 12 Screening of upstream regulatory factors PALDOX gene by yeast one-hybrid

Tk 5 S5 A58 IR - 52 ), [) A 4936 T R 0% 1 R R A I E ST AT MAANS JEPRTE 20 S %
(W ZRIK L . LDOX FER ZAETH R AW & oS AR 2 B, AL B A SE R A B R P,
R, R FE R R RLE AR FELE PgLDOX #£ [R5 A ¥ (Punica granatum) Wi~ 41 4
ok EEEEH . ARV, LIANS R 7% Tt R it o e ) 2RI K S5 2 1 1 1 B R R
1 (Lagerstroemia indica) 1 4 55 55 (0 A8 I 1 111 R 1A AW TR IN, PRLDOX FE PR E 21 €6 5L PR B 25 Fof )i 1)



200 b ® Mok K % %R i 48 3
o0 Ph0214288 *Hﬁi%% Ferf OsTTG1 W] % OsANS1 5 OsANS2 3 [H]
: BRI - SR IR AE B e EE 2 A
PP ® Ph0221100 i.gg E’J?@Iﬁ) BRI . 22 SR E S R
0.50 AU, B Capsicum annuum)* CaWD40-91 1] 5
® e o @ Ph0220072 50 CaDYTI1(bHLH) A CaANT1(MYB) & [ I 1 il ,
-1.50 o . P
’ 7 SR AR T 2 IR RO, 45 b, AR AT G
o ©® O Prh0209298 - AT
31511 ERF/AP2 5 WDA40 % 3% [K -7 7] fg @ i 1E 7]
o o © Ph0209443 o A % PRLDOX kK (¥ #5 33R %, Z 5172 K
F oL » > TRNEHFRE K.

T o S 4 bl K 2 B DA R Y :
¥R AT AT AT G DAL fa BR 2= S A 1 Jog 1 B cDNA 3

13 i ) AR 0 TR 3 B 2R AN ) o S A ) eS8 P R i e
Fig. 13 Expression patterns of the screened transcription factors in
different germplasms and developmental stages of P. humilis

ANTE) A I SR A 2 v T R A R M, 2 T
PR B T O B R R R, X5 RS
f b () LDOX F RIRF 78 45 SR — 55

MYB 45 & 7 s WE Wi B2 T A i S o 46
A e 5 E RNAEMEREVIEX. OF
BF 9T PR IE, H % IbMYB1 # R 7 0] B4 &
IbSLC35F1 % K )i 31 1) MYB iR 347 55 (MRS) JIf:
B HE 5%, b B R4 IbCHS. IDDFR. IPUFGT,
IPABC. IbGSTF3 3R RIL, AR T R R
bHLH % 3% K7 AaBEE1 7] 454 4aLDOX K )5 5))
T 1) G-box JG A, 18 I 1 ) 58 98 A7 45 KRBk
WMk (Actinidia arguta) WTET F A . NAC ¥ 5%
A ¥ MdNAC77L i i 45 & CACG Jii = oo #F, 2 it
MAANS ZE R )Rk, BERTFA A RNEREFT RS
LY, bZIP 5K F VVAREB? REWS4E 4 VvmiR156b
J& 3§ X3k 1) ABRE Joff, FF 0% H Rk, (2
BAEH AR R T PRLDOX 2L 5 31
i = A H oA AT 00 o A, R Ah S
MYB 45 G A7 i W0ER i S o S5 A oA, gk
— AR SO E T PRLDOX #:1K% 5115 Rk
BIH R EVE R

AT S0 T B B AE SRR ke, I 4 A R A
F B A B, L0 % B ERF/AP2(Ph0214288) il
WD40(Ph0209298. Ph0209443)3 ™4 53¢ K] 1 A il i
454 PhLDOX #: A 3 37 X 180H] ABRE E{ MYB Jiji
A FH o H ik . ERF/AP2 KB 116
M Z X6 H =6 REfOREER . Bl B4
(Lilium spp.)LhERF061 R il it $1 i) LhDFR % K 1]
Tk, MOAEE ST RA R 2L (Pyrus spp.)
PyERF4.1 5 PyERF4.2 i L& N Al &3 F LT &R
& R B3 Rl PyDFR. PyANS % PyUFGT [ %%k,
HET PR SR AT R A 2P T WD40 SR i 55 [A]
T2 =6 B R PR e, B, /K

JE, R Ji 452 A 3 IR 0 e A 43 1 I B AL AR AT B4 2
T E BRI @i LIRS ERF/AP2. WD40 &5
3ANEEFR T, YIRS AT BRIE I 45 & PRLDOX
BERM G FIX IS 5 WK RN E RS
KOARRZEE T B T IS5, B2, K5
AN AT T i e 6 BRT PR R IA AR X, v R R D AR SR IE
CLEH A H B AR T RE . Rkt — 0 T R ZL R D e 56
iF, ¥ ERF/AP2/WD40-PhLDOX FRZE BN E T &
AR RS, DA R R RS RS
T B Pl fL o IR S (1 B S 4

4 % S

ASHIE FUET X R 2R S A 1 o T IR R AL AN
BT, 1675 2% & BOCEESE K PRLDOX 1) L3 i 2 [A]
TRWPHEHMHAATE, RAITTRE T KRR
cDNA X EFJE K PhLDOX HE R i 4% K1 i
WEFE, WA R LA 4510 .

CO BRI R T s o7 & ) R 4= AS [ P g SR PR 1
cDNA S, KR &, EAEIEPR AR
Be VLT

(2)PRLDOX F& [R5 41 0 S A v ) R 04 & 0
T E AR, %R R R BT R A K
{14 X B i 1B ik R

(338 o % BF B AT i 16 3K 79 ERF/AP2. WDA40
8 3 NN, 2R RN s A% PhLDOX
FERHRIE, 250 RAET RS,

AHE TG T N7 PRLDOX F [R5 F 2= 5
PRI 2 8 1) 43 1 WL B S A O A, 0 D D 2 0 W )
T B i B At O B {6k 38 DR B s oK ok T [ e
ERF/AP2. WD40 ¥ 3% K1 LA J¢ PhLDOX £, ¥R
o 7~ LR 45 BR 4R IR 6 1 A LI, A DA
“ERF/AP2/WD40-PhLDOX™ % Lo HIBR 2= A 2t
W73 T 25

S £ X
(1] . B0 Bk R 2 MR 3 A Z R BT [D]. 0P
ARe: A5 RKEE, 2024



53

B2 S5 W= R AIEERE cDNA SCFEREE & PRLDOX FE K] i 45 PR 1 ik 201

(21

(31

(4]

[51]

(6]

(71

(8]

(91

[10]

[11]

Liu Y C. Genetic diversity analysis of important agronomic traits
in superior individual plant of the Prunus humilis[D]. Hohhot:
Inner Mongolia Agricultural, 2024.

FEHE. 7 B eI A J A 5T M Rk 5 ) ) P A8 xR o i
WAL [D]. 4R T E K%, 2021.

Tian Y. Study on feeding value and effect on soil quality of
Cerasus humilis cultivated at abandoned land in the Desert Steppe
of Ningxia[D]. Yinchuan: Ningxia University, 2021.

FBERIE, FRAEL, AN, S5, W02 T BE U5 IR S R 23 B S b
FRVEAN (7). FEALAE Y 2EH], 2023, 43(8): 1405-1414.

Shao Z S, Zhang W, Sun C, et al. Fruit phenolic content analysis
and germplasm evaluation of Cerasus humilis germplasm
resources [J]. Acta Boreali-Occidentalia Sinica, 2023, 43(8):
1405-1414.

BT, KA. HRERRE. 55 BRI S AL K TR RE
HIRIESE [J]. H SR, 2025(1): 35-41.

Tan Z M, Zhang L, Shao Z S, et al. Studies on the flavonoid
fractions and antioxidant capacity in the fruits of Cerasus humilis
[J]. China Fruits, 2025(1): 35—-41.

REBE, TR, RRIE, 5 BEE FRE KOT R A BT
&[], T E A, 2024(2): 1-5,25.

WuCY,Han XY, WulY, et al. Research progress on nutritional
value and development and utilization of Cerasus humilis (Bge.)
Sok [J]. China Fruits, 2024(2): 1-5,25.

/e ChMYB1 TR LT 2 & BRI 2 T AL [D]. Wa /R
I ARALMOl R, 2023

Ji X L. Molecular mechanism of ChMYBI regulating Cerasus
humilis anthocyanin synthesis[D]. Harbin: Northeast Forestry
University, 2023.

BHEZ N, FOGE, WL EITETE & O SR R R o st
J& [3]. AR FC, 2024, 28(6): 493-502.

Hu Y R, Huang X L, Ye J W. Research progress of anthocyanin
synthesis and regulatory factors in plants [J]. Life Science
Research, 2024, 28(6): 493—502.

TRIGENE. W2 AR A RS LDOX 3 R 7 AL W44 [D]. K
JR: PO KA, 2022,

Zhang X X, Optimization of Chinese dwarf cherry regeneration
system and preliminary study on LDOX gene transformation[D].
Taiyuan: Shanxi Agricultural University, 2022.

AT 1 W SRS SR BRI A 0 R AE & CHS A LDOX B [K] 7t [
ANTHRESSAIE [D]. AR (L PGAOI K, 2020.

Fu H B. Flavonoid component characteristics and functional
identification of metabolism-related genes CHS and LDOX in
Chinese dwarf cherry [Cerasus humilis (Bge.) Sok. ] fruit[D].
Taiyuan: Shanxi Agricultural University, 2020.

Al-arigi A S A M. il A 5 [ GRLDOX 1 GhACL3 11 Th fit fift
#r [D]. BB Al K2, 2020

Al-ariqi A S A M. Functional studies of GALDOX & Gh4CL3
genes in upland cotton Gossypium hirsutum[D]. Wuhan:
Huazhong Agricultural University, 2020.

FIEW, IVETE, TAE, . [ EREFAE R LDOX 2L (¥ TEIE J
RIEHEME [7]. B S5 IREEEY) EHH], 2020, 26(2): 246-254.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Che J R, Sun X L, Wang S J, et al. Cloning and expression
characteristics of the LDOX gene in Musa itinerans [J]. Chinese
Journal of Applied & Environmental Biology, 2020, 26(2):
246-254.

Xu H F, Wang G F, Ji X Y, et al. JTATHB-12 mediates
JrMYBI113 and JrMYB27 to control the anthocyanin levels in
different types of red walnut [J].
Agriculture, 2024, 23(8): 2649-2661.

Journal of Integrative

Kayani S I, Shen Q, Rahman S U, et al. Transcriptional regulation
of flavonoid biosynthesis in Artemisia annua by AaYABBYS5 [J].
Horticulture Research, 2021, 8: 257.

A, VEINACI2 Il VINAC2S IRFE4 S 4 ML 1 4 A
HIBLEERE ST [D]. B 5 B AR R, 2022,

Zhang D R. Mechanism study of VrNAC92 and VINAC25
regulating anthocyanin biosynthesis in hypocotyls of mung bean
sprouts[D]. Nanjing: Nanjing Agricultural University, 2022.
JATETE. VVBZR1 5 VVHYS AR R B A R A G &
B 7T BRI AT [D]. WA PEALR AR R, 2019.

Zhou Y L. Molecular mechanism of VvBZR1 and VVHY5
regulating anthocyanin biosynthesis in grape berry skins[D].
Xianyang: Northwest A&F University, 2019.

VIR, 2R MYB #3087 CsANT Y46 75 % 1 1 ALY
WEFC [D]. ] JH: R, 2016.

Sun B M. Purple foliage coloration in tea (Camellia sinensis L.)
arises from activation of an R2R3-MYB transcription factor
CsAN1[D]. Guangzhou: South China Agricultural University,
2016.

XS pate, EAERL, FE 2. REFGA RS ETEMREEE cDNA SCHE
R [9]. AR R 23, 2024, 46(3): 115-122.

Deng C Y, Wang J Y, Dai S L. Construction of a yeast cDNA
library using Centaurea cyanus petals of different colors [J].
Journal of Beijing Forestry University, 2024, 46(3): 115-122.
5, FALAR, (67, 5. Bk ABA {55 58 3L PpABIS Bk}
L A S R 3 G b e R SR IR T BRI (], R A B AR,
2017, 53(7): 1259—-1266.

Huan L, Wang X X, Chen X M, et al. Constructing yeast one-
hybrid library and screening the potential regulator of PpABIS in
peach (Prunus persica) [J]. Plant Physiology Journal, 2017, 53(7):
1259-1266.

TOHEIR, SRBE, MRS, A T B SR ST SO M A K B R
VVFT 3R 5 3l b i 42 B8 0 (1], w5 R0l 5441, 2020,
51(12): 2875-2883.

Huang G Y, Zhang Y, Lin L, et al. Yeast one-hybrid library
construction and screening of upstream regulators of VVFT
promoter in kyoho grape [J]. Journal of Southern Agriculture,
2020, 51(12): 2875-2883.

TRE, R, MRIESE, 55, H 2 IbHQT1 3 3 T B9 e b J Ll
P R 408 (0], AEMEARIEH], 2023, 39(8): 213-219.
XuJ,Zhu HL, Lin Y H, et al. Cloning of IbHQT1 promoter and
identification of upstream regulatory factors in sweet potato [J].
Biotechnology Bulletin, 2023, 39(8): 213-219.

TN, IV, Ty PFE, AL KRG & T B R 2% SRR EE S



202

Sl Ay

oAk X

i

548 4

¥k

[22]

23]

[24]

[25]

[26]

[27]

28]

[29]

LAZY1 L i 3% R 7 0 ik [J]. A9 B RE#, 2023, 39(9):
126-135.

Huang X L, Sun G L, Ma D D, et al. Construction of yeast one-
hybrid library and screening of factors regulating LAZY1
expression in rice [J]. Biotechnology Bulletin, 2023, 39(9):
126—135.

BRI D4, B0, B3, &5, VEAACRINE A5 78 27 B BE cDNA SCEERY
% BTE AT (9] b R MOl B K S 22 R, 2025, 45(2):
131-138.

Chen J X, Bao W Q, Ao D, et al. Construction and quality
evaluation of cDNA library of flower bud yeast from Prunus
sibirica [J]. Journal of Central South University of Forestry &
Technology, 2025, 45(2): 131-138.

SO B RS IR LT 3R A RO SR R R 24 S R e 4
Hr [D]. RS I gE Rl K, 2022.

Hou W H. Identification and expression analysis of key genes
involved in biosynthesis of proanthocyanidin Cerasus humilis[D].
Taiyuan: Shanxi Agricultural University, 2022.

Wang Y, Xie J, Zhang H N, et al. The genome of Prunus humilis
provides new insights to drought adaption and population
diversity [J]. DNA Research, 2022, 29(4): dsac021.

GRAE V. BRI SLBUENER T ) DS BE V f E R 2 4 (D). BN
TR A SRR, 2024,

Zhang Y Q. Key regulatory genes mining for the formation of
color traits of Prunus humilis[D]. Hohhot: Inner Mongolia
Agricultural, 2024.

Guo S H, Zhang M, Feng M X, et al. miR156b-targeted
VvSBP8/13 functions downstream of the abscisic acid signal to
regulate anthocyanins biosynthesis in grapevine fruit under
drought [J]. Horticulture Research, 2024, 11(2): uhad293.

Li WN, Li Q Q, Che J H, et al. A key R2R3-MYB transcription
factor activates anthocyanin biosynthesis and leads to leaf
reddening in poplar mutants [J]. Plant, Cell & Environment, 2025,
48(3): 2067-2082.

Deng Y R, Yang J W, Wei J J, et al. stu-miR159a negatively
regulates anthocyanin-specific MYB transcription factor to
mediate drought stress tolerance in potato [J]. Horticultural Plant
Journal, 2025, 11(5): 1917-1929.

Gao Z L, Chen Z M, Wang J F, et al. Integrated transcriptome and
metabolome analysis revealed mechanism underlying anthocyanin

biosynthesis during flower color formation in Lagerstroemia

(30]

(31]

[32]

[33]

[34]

[35]

[36]

(37]

(38]

indica [J]. Horticulturae, 2024, 10: 1229.

Keller-Przybylkowicz S, Oskier M, Liu X Q, et al. Transcriptome
analysis of white- and red-fleshed apple fruits uncovered novel
genes related to the regulation of anthocyanin biosynthesis [J].
International Journal of Molecular Sciences, 2024, 25(3): 1778.
Khademi O, Zarei A, Naji A. Molecular basis of aril paleness
disorder in pomegranate fruit: insights from anthocyanin
biosynthesis genes [J]. Tropical Plant Biology, 2025, 18: 70.

Lan M J, Kou M, Li C, et al. Sweetpotato solute carrier family 35
member F1 (IbSLC35F1), a nucleotide sugar transporter
transcriptionally activated by IbMYBI1, modulates anthocyanin
accumulation in storage roots [J]. International Journal of
Biological Macromolecules, 2026, 339(2): 150076.

Li Y K, Song Z, Zhan X, et al. Chromosome-level genome
assembly assisting for dissecting mechanism of anthocyanin
regulation in kiwifruit Molecular
Horticulture, 2025, 5: 18.

Shi M Y, Zhang Y, Zhang T, et al. The NAC activator,

(Actinidia  arguta) [J].

MdANAC77L, regulates anthocyanin accumulation in red flesh
apple [J]. Horticultural Plant Journal, 2024, 11(6): 2009-2023.

Yang Y, Bi M M, Luo K, et al. Lily (Lilium spp. ) LhERF061
suppresses

LhMYBSPLATTER and LhDFR expression and interacting with

anthocyanin biosynthesis by inhibiting
LhMYBSPLATTER [J]. Plant Physiology and Biochemistry,
2024, 219: 109325.

Sun H Y, Hu K D, Wei S W, et al. ETHYLENE RESPONSE
FACTORS 4.1/42 with an EAR motif repress anthocyanin
biosynthesis in red-skinned pears [J]. Plant Physiology, 2023,
192(3): 1892-1912.

Zhu C L, Yang X H, Chen W W, et al. WD40 protein OsTTGlI
promotes anthocyanin accumulation and CBF transcription factor-
dependent pathways for rice cold tolerance [J]. Plant Physiology,
2025, 197(1): 604.

Tang P, Huang J, Wang J, Wang M, Huang Q, Pan L, Liu F.
Genome-wide identification of CaWD40 proteins reveals the
involvement of a novel complex (CaAN1-CaDYT1-CaWD40-91)
in anthocyanin biosynthesis and genic male sterility in Capsicum

annuum [J]. BMC Genomics, 2024, 25(1): 851.

(TiEmE AKRwZ
THERE REZ



	1 材料与方法
	1.1 试验材料
	1.2 研究方法
	1.2.1 cDNA文库构建与质量检测
	1.2.1.1 提取总RNA及纯化mRNA
	1.2.1.2 构建与检测初级文库
	1.2.1.3 构建与检测次级文库

	1.2.2 欧李PhLDOX基因分析
	1.2.2.1 PhLDOX基因的表达模式分析
	1.2.2.2 PhLDOX基因启动子顺式作用元件分析与克隆

	1.2.3 PhLDOX基因上游转录因子筛选
	1.2.3.1 诱饵载体构建
	1.2.3.2 自激活检测
	1.2.3.3 酵母单杂交筛选
	1.2.3.4 阳性菌落测序、比对以及表达模式分析


	1.3 数据分析

	2 结果与分析
	2.1 欧李不同颜色果肉RNA质量鉴定
	2.2 双链cDNA合成
	2.3 初级文库的构建
	2.4 次级文库的构建
	2.5 PhLDOX基因在红色和黄色果肉不同发育时期的表达分析
	2.6 PhLDOX基因启动子顺式作用元件预测分析
	2.7 PhLDOX 基因启动子诱饵载体的构建以及自激活检测
	2.8 PhLDOX基因上游调控因子筛选

	3 讨　　论
	4 结　　论
	参考文献

