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Abstract: This study aims to utilize transcriptome

analysis to investigate the differentially expressed genes
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viding a theoretical basis for the breeding of flooding-tolerant varieties and rootstocks. Leaf transcriptome sequencing analy-
sis was conducted for materials subjected to prolonged water stress treatment, Prunus conradinae watered every three days
was denoted as HZ, Prunus conradinae watered every day was denoted as XP, and Prunus jingningensis watered every three
days was denoted as ZS. Subsequently, functional annotation, enrichment analysis, and flooding-tolerant gene mining were
conducted on differentially expressed genes, and the selected genes were verified for expression using quantitative real-time
polymerase chain reaction (qRT-PCR). The results showed that a total of 31 891 known functional genes were identified
through joint annotation of six functional databases: Gene Ontology Database (GO) , Kyoto Encyclopedia of Genes and Ge-
nomes Database (KEGG), Clusters of Orthologous Groups Database (COG), Non-redundant Protein Database (NR),
Swiss Protein Database ( Swiss-Prot) , and Protein Family Databases ( Pfam). Differential gene expression analysis revealed
that 3 670, 2 248, and 5 423 differentially expressed genes were identified in the ZS vs. HZ, XP vs. HZ, and ZS vs. XP
comparison groups, respectively. Functional enrichment analysis indicated that in the ZS vs. HZ comparison group, differ-
entially expressed genes were significantly enriched in pathways such as amino acid metabolism and degradation, galactose
metabolism, flavonoid biosynthesis, sulfur metabolism, and terpenoids synthesis; in the XP vs. HZ comparison group, they
were significantly enriched in pathways such as amino acid metabolism and degradation, starch and sucrose metabolism,
glyceride metabolism, fatty acid degradation, glycolysis/gluconeogenesis, citric acid cycle, galactose metabolism, terpe-
noids synthesis, ascorbic acid and aldehyde acid metabolism, and glyoxylic acid and dicarboxylic acid metabolism; in the
78S vs. XP comparison group, they were significantly enriched in pathways such as galactose metabolism, carotenoids bio-
synthesis, diterpene biosynthesis, amino acid metabolism and degradation, glyceride metabolism, fatty acid degradation,
flavonoid biosynthesis, glycolysis/gluconeogenesis, ascorbic acid and aldehyde acid metabolism, amino sugar and nucleo-
tide sugar metabolism, and starch and sucrose metabolism. Through the analysis of differentially expressed genes, 31 genes
related to waterlogging tolerance were identified in the XP and ZS comparison group, five genes in the HZ and ZS compari-
son group, and six genes in the HZ and XP comparison group were also identified. qRT-PCR verification results indicated
that the expression trends of ten differentially expressed genes related to waterlogging tolerance were consistent with the tran-
scriptome sequencing results. Through prolonged waterlogging stress experiments and transcriptome analysis, this study con-
cluded that the tolerance of cherry blossoms to prolonged waterlogging stress mainly involved pathways such as starch and
sucrose metabolism, glycolysis/gluconeogenesis, flavonoid biosynthesis, fatty acid degradation, ascorbic acid and aldehyde
acid metabolism. The waterlogging-tolerant genes primarily involved four types: ERF, SUS, RAMY, and EXP. These gene
resources can provide core gene resources and theoretical support for the subsequent cultivation of waterlogging-tolerant vari-
eties and rootstocks of cherry blossoms through genetic engineering or molecular breeding methods.

Key words: cherry blossom; waterlogging stress; transcriptome sequencing; enrichment analysis; differentially

expressed gene; waterlogging tolerance gene
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PR 22 S BN 1T qRT-PCR 40 A, 3R 56 1 FH
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YER N Z 5B, B 56 F A HiSeript Q RT SuperMix
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NA, BfiJ5 7E QuantStudio SZH5¢ Y6 %€ & PCR X It
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x1 519F75
Table 1 Primer sequence
EHER  3ImsH SIFRI(5'—3) o

Pyn_27359  FT-27359F  GCGATGTCGGGAAGTTGAAC 120
FT-27359R  CAGAACCGCCACTCGTGCTA

Pyn_31179  FT-31179F  TCTATGGAGGAGGTGATGCC 274
FT-31179R  AAATGTTGCTGTGGAGGGTT

Pyn_27819  FT-27819F  CGTGTGTGGCTGGGAACCTT 178
FT-27819R  CGATCTCGGCCTTGGAATGA

Pyn_37967  FT-37967F  CACCACCACAGAAAGAAGAA 114
FT-37967R ~ CGTAAATGCGAGGGAACAAT

Pyn_07353  FT-07353F  CTTCCTTATGGGTTTTGTTT 164
FT-07353R ~ CCCTGACTGTAGAGGTTTCC

Pyn_39001  FT-39001F  AAGCCAAACAGATGCTCAAA 132
FT-39001R  TAACACGAACGTATTCCCAA

Pyn_06024  FT-06024F  TGTGGACTTCCAACATTCGC 102
FT-06024R ~ AGCTTGATCACCATGATACG

Pyn_05459  FT-05459F  TTTCATCCATGTGCTCCTCT 104
FT-05459R  ACCATTTGCCTGACTTCTTC

Pyn_05270  FT-05270F  CTGGCTTATCTCCTTCTTTT 132
FT-05270R  TTCCCTTTCCTAGTGCTCTC

B-actin Actinl CAGTGGTCGTACAACTGGTAT 200
Actin2 AGGTAGCTCATAGCTCTTCTC

2 KR 5550

2.1 HFRANFRE. FILESEEKSH
XF 9 ASFEM AU RNA 474G, 45 3R

TR RE R I K R 260 nm A 105G 55 E 5 Ky
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AR

M ZS1 ZS2 ZS3 HZ1 HZ2 HZ3 XPl
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Fig.1 RNA agarose gel electrophoresis results

FTF Mapped FEXF A (reads ) 1745 AL 2 |
ILRAG82 1861 sfA . HAK A LN 1 T 0~
200 bp XIEJIHEFEAA 1 2374,201 ~400 bp X [H] 13
021 4~,401~ 600 bp [X[H]9 543,601~ 800 bp X [d]
8 0327~,801~1 000 bp X [a]7 147-~,1 001~ 1 200 bp
X[E]6 6104, 1 201~ 1400 bp [X.[E]6 1114, 1 401~
1 600 bp IXJa]5 5651~,1 601~1 800 bp [X.[d]4 5021,
KT 1 800 bp [ AE 420 4181~ (El 3)
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Table 2 Data quality of transcriptome

G THERAE(45) T IEETEIE(Gb) FERAER (%) 020( %) 030( %) G+C(%)
XP1 44 679 608 6.60 0.026 98.03 93.85 45.74
XP2 48 958 824 7.27 0.025 97.98 93.76 45.38
XP3 42 195 948 6.25 0.025 97.95 93.64 44.81
751 44 938 400 6.66 0.025 98.11 94.04 45.65
7S2 42 345 216 6.29 0.026 97.90 93.54 45.36
783 40 518 094 6.02 0.025 98.14 94.13 45.37
HZ1 57 900 642 8.50 0.025 98.13 94.10 45.79
Hz2 43 877 432 6.46 0.026 97.72 93.11 45.76
HZ3 44 218 300 6.53 0.026 97.92 93.61 45.80
Q20 . FERM P E 4, B (R T a5 T 20 AR ZEE0E BB S0 E 2 H 5 Q30 70BNy B0di 45 B (R T3k 4% T 30 Al
B SRS E L,
90 22000
— | 20 000} M
g 7 —~ 18000F
%500 < 16000
\ 14 000+
= L il
&g 0 g 12 000}
& 10f & 10000F
A ok —— 3 8000
| & 6000F
® _30b =T 4000F
2000
_50 1 1 1 1 1 1 | 0 D
-30 -20 -10 0 10 20 30 40 S 8 8 8 8 8 8 8 g g
PN DA Y R A S A A
51 E ST (34.07%) ¢ g 53 1 II3171IF
XP; w HZ; + 7S 8 8 & ¥ 8

ZS VAR ENRAE 3 d B8 1 YK HZ A AR 3 d B8 1 K XP,
TR RS 1 OK,
E2 BRATHSHH

Fig.2 Principal component analysis chart of transcriptome

R3 FHRAMBBILIER

Table 3 The data alignment information of transcriptome

B SR BiR  ZPE@ER R
(%) (%) (%) (%)
XP1 44 679 608 75.91 8.37 67.54
XP2 48 958 824 75.71 7.89 67.89
XP3 42 195 948 77.92 8.09 69.83
751 44 938 400 78.55 8.90 69.65
782 42 345 216 76.14 7.92 68.22
783 40 518 094 78.88 8.70 70.18
HZ1 57 900 642 78.72 9.30 69.41
HZ2 43 877 432 78.48 8.73 69.76
HZ3 44 218 300 76.16 8.32 67.85

781,782 F1 783 FRTA A A 3 d B8 1 UK 3 & b3,
HZ1 HZ2 Fll HZ3 R 3 d 58 1 K 3 DEE A, XP1
XP2 Fll XP3 FrRAe B K P8 1 K 3 ANEE LR,
2.2 EEMIIEEERS

FET IR AARMKIDEHR I (GO) AR N 5 5L A

§ese AR (bp)
3 HRAKELT

Fig.3 Histogram of transcriptome length distribution
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KEGG (13 3924~,41.99%) .
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78 5 HZ XP 5 HZ DI J 7S 5 XP 3 A i 4 k47
T, s R (E 5) BoR,ZS 5 HZ i 3t
e 3 67022 R RIBFE  Hirh 7S AT HZ
HA1 759 FE B B, 1 91 A FE R Rk T,
76 XP 5 HZ W LLEA v R 30 2 248 4~ 22 3Rk
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Fig.4 Statistics chart of different database function notes
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Fig.5 Statistical chart of differentially expressed genes
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IEAh, L ADHT BB 5 HET a-WRIRICH
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Table 4 GO enrichment analysis of differentially expressed genes

A me i RN RERNE REN

(™) (™ KIF-GEiHE
7S5 HZ GO0.0005811  ZEfMdLsy  NEHGTH 39 11 5.41x107
G0:0016758 A+ FIIhE R OSSR RS 824 82 1.92x1076
G0:0005506 A+ FIE KBTS 678 70 2.20x107°
G0:0004497 4y FINRE  HUINSAUERE E 588 62 2.40x107°
G0:0046906 4y FHJEE  DUMLIZZE G 787 80 2.45%107
G0:0016757 4y FIJRE  FERONMIRISHL RS WG M 1 300 117 2.96x107°
G0:0020037  ZrFIIfE MRS 753 76 3.27x107°
G0:0046527 4y FIJRE B AL HEE M 328 40 3.90x107
G0:0048037 4y FIIRE  FHHETEEG 1862 160 4.09x1076
G0:0016705 43 FHiEE LR JEERE M (VRO HEA 73 FE B ASUE ) 759 73 5.40x107°
G0:0016491 43 FIIRE AL B PE 3 100 239 5.67x107°
G0:0010410 AWl REFERAU TR 108 19 6.40x107°
G0.0003824 - TR fEALTETE 18 906 1188 9.62x107°
G0:0005975 @R KA YR 1 695 136 1.18x107°
G0:0010383  E¥pidf  AnfEE SRR 133 21 1.23x1073
G0:0044262 WA AT S PR R 542 55 1.50x1075
G0:0009063  AEWdRE AN E SRR AR T R 115 19 1.63x1073
G0:0097599  AFIhhE  ARFMEREE M 17 7 1.79x1075
G0:0008236  4rTIIRE L2 BRI K E M 432 46 2.58x107°
GO0:0017171 4y FIJRE 225 BRIk fi i vk M 432 46 2.58x107°
XP 5 HZ G0.0044042  AH¥dfe BRI R 323 26 5.16x1077
G0.0044262 AWt A0MERAK AL A A R 542 38 7.35x1077
G0:0044436 Mz sy SEPERTRSY 288 23 8.51x1077
G0:0046527  4r ¥R WA RS G 328 30 6.86x1077
G0:0035251 4y FIJRE  UDP( ZBERRIKIT ) 450 S 7 B 1k 288 25 8.51x1077
G0:0006073  AWaif AN R G R 317 26 1.28x1076
G0:0044264 AW A ZBEAH TR 386 30 1.32x107
G0:0005975 ‘Bt BOKEE YRS RE 1 695 81 2.42x107
G0:0005976 AWt AT R 564 34 2.54x107°
G0:0044434  ZILESY  HHERIAERSY 672 42 1.72x107
G0:0044435  ZifI4Hy AR 685 43 1.96x107°
G0:0016758 43 FIIEE  FeR ORISR BTG 1 824 46 1.78x107°
G0:0008194  4;FIJEE  UDP MEEEFERL B 1 554 35 2.18x107°
G0:0004553 S+ FIIRE KA O-NEIAL A YK FRRE T M 839 46 2.42x107°
GO:0015114  Zr7IhAE  WEIRES TSR I s 11 5 3.55%107°
G0:0006820 AWl PIETFiE 274 21 4.80x107°
GO:0016798  4ZrFIhE AR THEEEGE 00K i I M 904 46 5.22x107°
G0:0042594 MR XHUHRRY R 68 10 5.93x107°
G0:0016757 4y FIIRE  FERAMILISHL RS MRS M 1300 59 9.01x107°
G0:0016036 Bl AU XTEERRER YLK Y KN 32 7 1.02x1073

B

H

7S 5XP  G0.0015893 S//bUN N L YL 23 13 5.16x1077
G0 0016054 PR AR AR R 165 41 1.43%107°

inf

B

H
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el g HeR4 A it S e
G0:0046395 AW R EAH TR 165 41 1.43x1076
G0:0009833 AWl RIS IR G A B RE AR R A 57 19 1.67x107¢
G0:0044282 AW AT BRI R 247 55 1.98x107°
G0:0044262  ‘EMIEE AUIERAAL A A i R 542 103 2.56x107°
G0:0044264  ‘EyndfR AR R 386 72 3.49x107°
G0:0044042 ¥t AIEREAUT R 323 60 4.05%107°
G0:0016157  ZrFIhAE  REMEA BUEHE 28 15 9.68x1077
G0:0035251 4 FU)BE  UDP BAHEIEE: R MG 1 288 72 1.70x107
G0:0046527  ZrFIIRE ML AL R 328 84 1.95%107°
G0:0008194  4;FIJEE  UDP MEEEFEFL B 1 554 108 2.27%107°
G0:0016758  4rFIHIEE  HER ORISR B Tk 824 151 3.51x107°
GO:0080043  ArFIIRE  MitER 3-0- AR LR B M 99 26 3.90x107
GO:0080044  ArFIIRE MR 7-0- AL R RRG M 99 26 3.90x107
G0:0016757 4y FIIRE  FEROAMILISHL RS WIS 1 300 201 4.10x1076
G0:0004497 4y FINEE  HUINASABETE 588 97 4.57x1076
G0:0006073 AW AN 317 60 5.21x107°
G0:0005975  AWHRE  #KEEWRGTRE 1 695 240 5.38x107°
G0:0044242 AW AEAET R R 79 22 7.59x107°

78 FRTHATIEMAE 3 d 58 1 YUK HZ FoRRerP A 3 d B8 1 YUK XP FoRfe PR EE 1 YUK, BEVEKF St <0. 05 H B3,

x5 ERFREEEM KEGG EENH

Table 5 KEGG enrichment analysis of differentially expressed genes

ERIERSL WIS REMKP

Higd i# s ID s aeflk ) ) prasiye
7ZS 5 HZ  map00250 R4 N KA TR A 2R 87 16 4.59x1075
map00052 At U 103 17 1.11x107
map00960 R4 FEor | WIR WE I e A e 9 2 0 B B 41 8 2.47x107?
map00260 R4 AR | 22 2R A I s IR A G 141 17 4.16x1073
map00350 it i A R A 110 14 5.48x107°
map00410 R B-N AR 72 10 9.71x107?
map00670 i) —N R B 42 7 1.10x1072
map00943 i) S A G R 30 6 7.46x107°
map00280 i) AR 5 TR 5758 2 R i 71 10 8.81x107°
map00920 R TR 44 7 1.41x1072
map00360 R RN 76 10 1.40x1072
map00904 R ZEY A A 56 8 1.68x1072
map00909 R 52T RN =005 A2 ) A 61 8 2.69x1072
map00966 Rt A EIRT A A 21 4 3.28x1072
map00520 R4 G IR R 202 19 3.15%1072
map00230 R RS AR 146 15 2.67x1072
map00944 i B 1 A 5 5 2 3.12x1072
map00450 R4 Tl ik A5 A 30 5 3.00x1072
map02010 WEE BT ABC ¥izEH 108 12 2.62x1072
map00561 i) Hrh R A 145 15 2.52x107?
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g gD 5% sk b st
XP 5 HZ  map00330 R4 NG 2R A A it 93 12 1.40x107°
map00500 il E R AR 355 26 1.32x1073
map00460 i) L LR A 195 16 1.67x107*
map00561 i) Hruh e A 145 13 2.85x107*
map00250 R AR KRR 2R 87 9 8.73x107*
map00071 i) i 7 R e fie 86 9 8.02x107*
map00010 i) it/ W 54 210 15 1.13x107?
map00020 Rt PR IE R ( TCA FE3F) 75 8 1.37x107
map00052 At 2L FUBE 103 9 2.86x107?
map00196 i) AR -R&EH 25 4 5.27x107?
map00710 i) A A LB [E 101 8 8.62x107?
map00920 R T AR5 44 5 8.28x107°
map00360 R4 RN A R 76 7 6.14x1073
map00380 R4 R 100 8 8.13x1073
map04146 i i BUR =R A7) 7N 140 10 7.23x1073
map00909 R 2N = A 4 A A 61 6 7.97x1073
map00310 At T R K 1% 67 6 1.24x1072
map00053 i) PO M AN TR AR 1 67 6 1.24x1072
map00630 R34 CERR TN — R 129 9 1.22x1072
map00280 R B S AR 55 R IR 71 6 1.62x1072
7S 5 XP  map00052 i R FUBE 103 29 4.67x1077
map00906 R4 KIS N RZAW AL 59 15 8.82x107*
map00904 R A A R 56 15 4.86x107*
map00920 R4 [ikawi] 44 12 1.47x1072
map00280 R34 AR 50 SR N 55 S TR R i 71 17 8.64x107
map00250 it AR KBRS AR 87 19 1.45x1073
map00561 R RGN ) 145 27 2.19x107?
map00410 R B-NERA 724 16 2.77x1073
map00860 gt bk 5 -2 2 AT 72 16 2.77x1073
map00071 R4 R I e fie 86 17 7.35%1073
map00944 R BT R0 24 T 2 0 5 3 9.78x107
map00010 R4 BHEEAR B S 210 33 1.18x1072
map00053 i) PO IR AN R A 67 13 2.05%1072
map00970 BAEERAIE E B (RNA AP E 129 22 1.48x107
map00130 AR 12 BR AN A AR A W A 60 12 2.03x1072
map00520 R4 SRR TR 202 31 1.95%1072
map00230 R4 WEE RS AR 146 24 1.74x1072
map003500 Rt E R A 355 50 1.88x1072
map00254 R EMMAHEREY A 3 2 3.07x1072
map00511 R4 LAl TR it 23 6 2.78%1072

78 FRI R 3 d B8 1 YUK HZ R BP g 3 d 38 1 YUK XP R R0 1 UOK, BEH/KFSIHA<0.05 B,
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AN MR 40 A28 5 BEPITE 3 MEAS ) Rk
G 4 H(E6), T THT 7T MR
FEIRILR (Pyn_12413 Pyn_31963 . Pyn_30069 .Pyn_
17851 .Pyn_39003 . Pyn_14669 . Pyn_28734) )3k
Tk G, P TE 7S M HZ bk
IR, MTE XP Hrh BB, 7E5 T4H

18 22 5F R IR F K ( Pyn_06023 . Pyn_20339  Pyn _
04762 .Pyn _37967 . Pyn _31179 . Pyn _16421 . Pyn _
14787 . Pyn _01496 . Pyn _39001 , Pyn _37711 , Pyn _
32826 . Pyn _05270, Pyn _27819, Pyn _06024 . Pyn _

38757 Pyn_07353  Pyn_28139 Fl Pyn_05459) [k
#6 SHBALNERFLEEE

Table 6 Differentially expressed genes related to waterlogging tolerance

K 2R 3A fe AR AR ST, b 7 ZS A h Rk A
=, MTE HZ ZHF1 XP drh KER 7 Ras B EUR . 7258
A A 12 A4 22 5 3k B (Pyn _ 04599 Pyn _
33356, Pyn _ 19597 . Pyn _09272 , Pyn _21559, Pyn _
06071 .Pyn_11112, Pyn _33355 Pyn _25789  Pyn _
27359 Pyn_24814 I Pyn_04600) {3 [H % 15 B A8
TGz, o e 7S Al rp ek i Ik, i 7E HZ
A XP A KER - RIA K E . TEE VA 34
ZSEILR (Pyn_27403 . Pyn_30752 Fl Pyn_33272)
FER IR AR T, HhTE 7S 4R XP 41
HRIA R, NAE HZ h R AR,

el AR SR fik KHE (bp) 8 L S Et
XP 578 Pyn_14787 )& RN PG S F ERFO53 1398 -3.128 97
Pyn_27359  AP2/ERF F B3 &5Hyi %% 54 7 RAV1 1269 2.593 98
Pyn_27819  AP2/ERF il B3 45 Myl 5% K 7 RAV2 864 -2.115 95
Pyn_38757  AP2/ERF Fll B3 Z5 My I s [ T RAV2 P& 834 -1.845 97
Pyn_17851 MR NVERE SRR T ERFO62 1311 -2.618 99
Pyn_19597  LHRVVERE SR T ERF027 543 2.323 99
Pyn_06071 L RVPERE S F ERF118 WAL X1 1281 1.628 98
Pyn_25789 L RVPERE SR T ERF027 W3 555 1.885 96
Pyn_I1112  ZHROBVERE S H 5 ERF118 1 020 1.110 99
Pyn_09272 R HERE S F ERFO39 264 4.635 98
Pyn_24814  SAMLEERRE B WHREM 4 531 1.038 99
Pyn_20339  FSTAMLEERNE B WIRE M 10 WA X1 489 -1.430 99
Pyn_31963  a-TERTH 633 -3.270 96
Pyn_14669  HEE a-TERIG 2 903 -1.189 99
Pyn_06023  FEREG WL 2031 -2.914 99
Pyn_28734 RS R 3 2184 -1.370 100
Pyn_39003 TG RUEE 3 1560 -1.133 100
Pyn_04599  HEREG U 2 AU X4 1197 5.579 98
Pyn_33356  TENWEG HUEE 4 W3 219 4.417 99
Pyn_04600  HEMEA EE 2 TF A X1 606 4.389 98
Pyn_04762  REREG RLEE 2232 -2.842 99
Pyn_39001  JEREE LRG3 411 -2.228 99
Pyn_33355  HEWES BUAEE 2 2298 2.432 99
Pyn_06024 TS B 375 -2.205 99
Pyn_37967  ZBEBLENE 1 1 140 -1.005 98
Pyn_37711  CZEELEREZE 7 WAL X2 828 -2.468 100
Pyn_31179 ¥ iRHEF-A1 A 750 -4.282 100
Pyn_16421 P ikEF-AL 672 -4.151 100
Pyn_07353  ¥ikEA2 753 -1.985 99
Pyn_21559  ¥ikEH 762 2.945 100
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HeE A 2R B ik

K (bp) 2 A 555D

HHFEEME (%)
Pyn_01496 ¥R A2 375 -1.106 99
HZ 5 7S Pyn_28139 &RV SR T ERFO61 924 -1.455 97
Pyn_30752 &R NPERESEINF ERFO61 921 -1.340 98
Pyn_05459 5L HEIREG B WAL H 10 WAL X3 801 -1.295 99
Pyn_32826  FHRPAMAWERE B WASEH 10 WAL X1 501 -6.908 97
Pyn_05270 AR TRENH 1 513 -7.292 98
HZ 5 XP Pyn_12413 W& RNPERE SRR F ERFOLL 528 1.154 99
Pyn_27403 MR VERE SR T ERFO18 1 020 -7.916 99
Pyn_30069  o-TE¥ 576 4.076 96
Pyn_28734  RENEG U 3 2184 1.098 100
Pyn_06023  FEREG U 2 031 1.066 99
Pyn_33272 ¥ iKEM-ALS 726 -4.026 99

7S FNIRE A 3 d B8 1 KK HZ R BAE 3 d B8 1 UK XP R P K58 1 K,

2.4.2 qRT-PCR 447 N5 iik % s 20 $ 40 1) 7] &
P, BEPLIE I 10 A1 255 A5G 22 52 5% N b 47 gRT-
PCR 7341 SR FH AR X 7 i 125 A6 I JHG 7 Vi 2 o #
(28) 5 (HZ XP) PRk 458 Won kb
TG R SR I P 45 R — B (K 7)) IESE T8
PRI HEPE
3 9 ie

H AT, e sl o A BOR B L 12 4 A ) D) RE AR
PR Ay T LT B, G SR A 20 3 5 e SR A A AT 4 7
T WA ( Catalpa bungei) A EAR KT W F LG . 40
M3 25 A 0 BAE 2R A U L, i
AR R HIMSEER A B EAEN A8 R,
B4 A2V ) R SR 2H 43 BT 96 B ( Rubia cordifolia)
SEBREA G YA BUM OC I B R 248 10 5 5 F
MRk &% A& W G WM &M acetyl-CoA
C-acetyliransferase s 64 2 FE[H 5k 242 i 4%
S I 3B 15 5 ( Sorghum, bicolor) TR ERALHI , K&
PR BEE ARG 0 AR Y 2 R A B 2 BT A= )
B RGERAR R DR Y 3 b g e i R A8 B DG
FE A5 2 ) 27 S 4 43 A 4k B i ( Aconitum pendu-
Tum)) "R 5 B Sk B AR W) 5 A DG A R AL HE T Ap-
BAHDI ApBAHD2 .ApBAHDS F:[H £ 5 2-% 3 13 3k
TR & B, ApBAHD10 3£ R 2 5 15 30 8 45 14 4
YA, XA %k 3 A4S S A B 4 At ( Fortunella
japonica) Rz AT SR A M, I R I 2 S
RN BEE )G RS 5 A BT R & 1 25 5 A %

ISCIk, oS> ) 5 s 4143 M 3l 22 103 5 ( Ma-
lus halliana ) Wi N ERAE N0 ) 5 F-HLED 45 2276
I R ER AR 38 T A2 8 ) R S
% YRGS S JERAEY A N RS b
FHEYA R, XSRS e S o M 48
NI RL¥iZ TSUE SARS (P AN v A
RORSFECLOIE B FZ RN ASHE 5T 38 i %
i 55 A B TR A B (ZS ) 5 s A B AR TR A (HZ AN
XP) WFE My il W 88 (Z2S 5 HZ,7S 5
XP Fl XP 5 HZ) 15 A6 XS 7K W38 19 T 52 i 71 32
BEVG R UE Ry R RERE A RS A A R A )
A SR TR R USRI R RS PR AR A5 ks 42, 3L
b K5 EE A ERF (SUS \RAMY ADH #1 EXP
G5 BB, PR EE AR ERF R S0
PDC ADH Tl RAMY [ 33k, [FIBH 406 SUS F1 EXP
YR SRS R P AILRE BT 58 8% 1 48 i 0
D2 SEBIL T A PN R 1 O R Y AR E AL, S
WA T AEA AR K B I R RS R RE T

el 538 DR 3 3 R T Vi e PR A A 3 45
Jolp3Ea frg g 1, M5 L 38 . AP2/ERF T2 2 54
WHERKER WIE S R A A S 5 ma iy 45 3 72
Qg R B R A AE Y B i o, LA R AR
CTAARE A RALEE (ACC) fEE5 e R RE R
JHRE i 2 2R R, o 1 Ak R 0 I 4 T 5 e
TP MR —FE ST, ST S S G
%S ERF 3R L5 SR 9E &, 4
MaERFI11""Y FISER MdERF2™ 45 52 DX n] 8 1 41 61



AT VS AL MRS K 300 A2 SRS B AR DT 155 PR Ay 42 4 1467

i

zS

2
' 1
0
-1
.

Pyn_12413
Pyn_31963
Pyn_30069
Pyn_17851 I
Pyn_39003
Pyn_14669
Pyn_ 28734
Pyn_06023
Pyn_20339
Pyn_04762
Pyn_37967
Pyn_31179
Pyn_16421
Pyn_14787
Pyn_01496
Pyn_39001
Pyn_37711 1
Pyn_32826
Pyn_05270
Pyn_ 27819
Pyn_06024
Pyn_ 38757
Pyn_07353
Pyn_28139
Pyn_05459
Pyn_04599
Pyn_33356
Pyn_19597
Pyn_09272
Pyn_21559
Pyn_06071
Pyn 11112
Pyn_33355
Pyn_25789
_ Pyn_27359
' Pyn_09272
Pyn_24814
Pyn_04600
Pyn_27403
Pyn_30752 v
| Pyn_33272

HZ XP

78 FRIREEEAEE 3 d B8 1 YUK HZ FoR P 3 d 3% 1 UK XP FoRE iR Ee | YOK, BIPLLE 7 RFIR B HTEXS A op i

LR, O BN B TR, PO R IS AR EIR L
Eleo misiEERIEHRE

Fig.6 Expression heatmap of waterlogging tolerance gene

ACS 5 ACO ik, MW T &8 B M O 06 B
i, BEAh, CIPK S5E5HBEMREG B AE & 1 (CBL) JE K
1) CBL-CIPK {55 W 8 7 A 4 336 158 1y 25 v o e 45 6
HAER ., AW XP 5 7S Hhidl S5 57 A %
1) 31 2SS RIKIIEE P 10 4> HRE FEH (Hrp
6 ™~ LiHERIN 4 AT FKRIE) 2 4 CIPK £ (H
A BRSNS T IR, SR A0 58

CIPK 3k 5 CBL ¥ i CBL-CIPK, % W] AP2/ERF
KR T B HRE H& 37 BRAE i 95 2k 75 v e )
FEMEA, XS TEN R R —,
TEHEE; e T | R i SR e oK b B AR
LR R AR X RE R oK, B R AR A S G s it fig
WA, HAHSEIE R R e ad i vh & 4 B R A A Y
RAMY 5 SUS 52/KAA PG A% O B, w7



1468 T Ak % 3R 2026 4F 9 42 B BT
21 pyn 27350 v L2r pin 31179
10F 1.0F
il L il
) 8 s '& 0.8F
K6t ® o6f
=y =y
2 45 E 04
of 0.2f *x
r[_‘ *k
0 0 ==
*
121 pyn_27819 121 pun_s7967 21 pyn_14787 57 pyn 07353
1.0F 1.0- . 10f
i) il i ik
ﬁ 08t Ej 0.8F Hg 0.8 H«r%i 1.0r
0.6F o L L 4
= 06 w06 =
E 04r Z o04f Z 041 =1
sk
02F 0.2F 0.2 sk o
0 0 0 ] 0 ch
L5T pyn_39001 L3T pyn_ 06024 LS pyn 05450 L3T pyn_05270
it i) i) i
X 1.0F s X 1.0F X 1.0 X 1.0r ok »
#® +® #® e
g os5f Z o051 E o05r Z 05
ok sk m
0 —7s HZ XP 0 77zs HZ XP 0 —7s HZ XP 0 —7s iz Xp
AbFg AbFH AbTH Qb FH

78 FRIBE B 3 d B8 1 YUK HZ FoRAEPE 3 d B8 1 IROK; XP FOREETBRREE 1 YOK, B RER LRI T 15 80 i) 1% 5 N 7E
HZ XP 5 7S Z HIWFRBHH, + Fox HZ XP 5 7S Z ] 22 57 FIAFE R I RIK 2 573 3 (P<0.05) , % RyR 22 740 3 (P<0.01) ,

7 SERYEEE PCR WiE

Fig.7 The validation of real-time quantitative PCR

TE AT - TE R 5 R O RS T S R e
B ATP AR, AR AR K AR LR &, JE I 2 T
it k', e T B SIS RRAMY JAHSEIE R %
IR AT AKAEE R I 0 AT A MR i B SR AR A B
RESI L LN, AR A A oL o i PR P A A
H1 UDP ( —WERRIR T ) -0, 2 = 20 M2 05 % (R
Il AR S AR DO RE R, ARSI R
B, S EORAE S A S5 T SUS 19 mRNA 7K
FeBE e B I MK AREAE R A R H e
F SUS LR Z 3R 32 2, R A B TR AR e & i
FEDO L AR, XP 5 ZS HeB A v S TR A O Y
31 PMEFFGAFER AL 10 4~ SUS FER (Hi 4 4~
IEEIR 6 NTIEEE) 2 A RAMY (2 AT
JAFIR) s HZ 5 XP AP A 2 4> SUS #E8 (2 4~
Y EREEER) 1A RAMY 3 H ( BIEEE) ;1M HZ 5
7S W h JC RAMY 1 SUS 22 S22k KK, M
RAMY Fll SUS PR AR AL 17 4:F A% vt i 2]+ 43 8

BVER

TEKEE T ) 2K L ADH F1 PDC Ry
R LR R BERAR AT IO AT, 5% ADH 5
PDC “FAHRIE R () 33K dE M 42 5 O B R el o 2
s B E A ROR IS 2 —1T L ARBFSE R, XP
5 7S Wi P 2 A ADH JER (¥ R ,
PDC 253K WA, 75 HZ 5 XP L4 Fil HZ
5 7S gl b, I AR B ADH il PDC JE R . 3
PE2E Rk, TR b KA W A T
IR BB R TE BREE AN, A, XP A% HZ A
) ADH JE R ZR 3k f iR B, 22 AR A B[R] 7K 38 4%
T QB R TR T ARG, Rnss , Rtk #E0 2,
Pt R TR AR AR A 7K 7 10 38 e B[] NPT g Ak 81—
SEMEHER BRI R KB7 e T, L BE & iR
TEAZAETIRGF 5 T AN T, 0 28 S I G S il e P 3
N E TR, AR SRRV, ADH 1 PDC A
TEARAE AN ] 7K 57 B T I ASRERG SR 7 5 ) , A
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SRR TART B IR A

EXP & — R B H LRSI 2 & F BBl
PO AN RERG R 1, 2 SRR R 5 4 2
AR SRR WEIT A SRR, A P haa R i
DY AR RS B B AR oy b EXP PR R Gk 45 52 3|
v, AT PR 20 A S AR AR 1 A B T R
IEFELAERE A AE Y ARBEGE P XP 5 ZS 1
AT 5 A EXP B (Hd 14~ FRRE 44>
TR, TAE HZ 5 XP WA HZ 5 7S
U, IR B EXP SER ) 35 25 S Rk, e
DA b B AE K 38 36 58 45 R, EXP SRR T R 3%
ik, LIRS L BT R ) TR AR iR/ NEER ]
AE5 EXP SERAEH b5 3k AR B IR G
ARG K IAE 7S 5 HZ FLEULR XP 5 HZ s
Y02 IR I | A 25 S 3R AR SR TR 7R B 2%
VG RGER TR E S R, MTE ZS 5 XP ILIRA
T AR XA RE S B AL A W B A T BRIE PR
YR PN B IR AR S B T RE AT 51 Xt g
JETE IR A R (Z2S) BAT RARBUE M R Rl 22—
BEAR  AAIESE Fh SRR AT B R i R R S R i 44
S I AL AR 55 0, 3 s A AL X 6 B At Az
AR

EN IS RIBUR i IR N SN O SR T3
I HZ 5 XP A v 5 55 A0 G ) 22 5 3Rk 5L
1A 6 4, HZ 5 7S Mo dd b S it i b G 1 22 S 3k
SKIERAL A 5 A4S, T XP 5 ZS He A2 v 5 A
KZEFFRIRFEHHAT 31 4, ik & T 2 4, #W
e e AT K B E TR (XP) B A K B 38 4% L R
(HZ) A EL, 22 53 223K 1 T 7 35k R A/ | T 7 3k PR 22
IR 22 RAK, Ul I AR A i B A 2% 5 hi A R
PEAERAT K W05 L T (HZ) 58 A 548 (Z9) #H
b, 25 55 Rk B R R g TR IE A KA
BF(EEEHLT), WP EHN R EERA
K AR AE A K B0 15 LR (XP) 518 4B %
(7S) MLk, 25 55 2 36 I T 7 35k DR 00 i 88 42 s, 36
W15 T8 A RV L, 48 TP A A /K 38 T 4 it 7
SR 25 5 358 10 IR VA A AR T B PR A AT

4 75 i
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