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JHE: #57 (Prunus mume Siebold & Zucc.) &Ar+E, A FA S, L AHERCR AREERELLH E L SBAHH
WA PR . AR A P AREE/E A BE L A B (CAD) A9 AL T R A& sk P AEEE, MAREE X e LR ASER GO EAL T £ R T
B NAERE. Ht, PR ORI E R ORI A RS, TRSRCBR ARG E Rk, A LA THL KA RAH
%% T 56 A~ PmMCADs FliR A H, KAAEH PmMCADs % T oA EAELA, % 1, 11 4= 1l LA E O 5KTF LA 8RB,
5% \VAV Baey £ FRKA, BN EMNZE T AEDRMC; FEARR B L HFe 8 5 2 4% PmMCADs £ £ B4+ £ 4%
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ABTHALHELESRITAE, FRAKEETRAMMEARCNHRELS E P AL, ARMAFRA TN KA 3 Mz
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e MER T A mbA A AT HARET LR,

KEiF: B, LA, AR, CAD:; ARR#%, RABEX, BEME

Floral Scent Synthesis Related Cinnamyl Alcohol Dehydrogenase
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Abstract: Prunus mume Siebold & Zucc. has many varieties and diverse floral scent types, among which cinnamyl alcohol and
cinnamyl acetate are unique floral scent components in pink varieties of P. mume. In plants, cinnamaldehyde is reduced to cinnamyl
alcohol under the catalysis of cinnamyl alcohol dehydrogenase (CAD), which in turn generates cinnamyl acetate under the catalysis of
acetyltransferase. Therefore, cinnamyl alcohol is not only an important floral scent component in P. mume, but also an important
precursor for the synthesis of cinnamy| acetate. This study identified 56 PmCADs homologous genes based on the second-generation
genome of P. mume. It was found that the PmCADs family can be divided into five subgroups, and the protein conserved motif
composition of subgroups I, 11, and 111 is relatively similar, with significant differences from subgroups IV and V suggesting potential
functional differentiation between them. Chromosome fragment replication and tandem replication were identified as two forms of
PmCAD:s replication in genome evolution. It was found that the promoter regions of PmCADs genes extensively contained abscisic
acid, methyl jasmonate, salicylic acid responsive elements, and meristem related elements suggesting that the PmCADSs genes are
mainly involved in the growth, development, and stress response of P. mume. Phylogenetic analysis of CAD from P. mume and other
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species suggested that the three PmCADs genes located in subgroup 111 may be involved in the floral scent synthesis in P. mume. Heat
map analysis of PmCADs genes in different tissues and organs indicated that the three PmCADs were all expressed in flowers.
Furthermore, analysis of relative gene expression revealed that the expression patterns of the 3 candidate PmCADs genes varied at
different stages of flowering, with higher expression levels after the flowers bloom. The in vitro enzyme activity analysis confirmed
that all three PmCADs have cinnamyl alcohol dehydrogenase activity, indicating that they jointly participate in the synthesis of
cinnamyl alcohol, an important floral scent component of P. mume. Subcellular localization analysis revealed differences in their
distribution within the cell, suggesting that they may play roles in different parts of the cell. This study revealed the evolution and
functional differentiation of the PmCADs genes in P. mume, laying theoretical foundations for the synthesis of important floral scent
components and providing theoretical bases for floral fragrance molecular breeding in P. mume.
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A€ (Prunus mume Siebold & Zucc.) &R ERIEFELTE, BA R ARRRE I HA=FE RS, £
BRI E W E MR, SCNICH RIS SO M. s, e AZ, Blah A [\ 2 B A7 AE 22
o WEFKIL, MEAERIEE R T 5 SHEEREIIN ARG ORI R, S G MR T 20 E R
SRNCERETREAT FEBY B EmEERD . ERnRMBENEERBEE, EROFRRER. ZRA
FElE . SRR HERAN T 1A i Bl TR L0 G AL AR D SR = B R A T FE M W, FHilk, W
FEREA IR LR A A0 R (L8 i AR A IRAE A iy, AR FEEAII & AR, S Jerh OB A, X 1E
BFHEMAHEES L.

WHANN, DLAEERS N RY/E WAERE IR S8 (CAD, Cinnamyl Alcohol Dehydrogenase) FfEH A=K
PIRERE, CUAPIHEERE NPT DAFE BRI R B ROV ) N AE R CIRINEERR . 0, WEERE KBAFA/E T & EHA
Herr, RV EW LA ONIER, AL TE & N EERE S LB ATAEY), JF M TR e SE &R
DU MR YR N T & DT F A AERE . SRR R AZ . CAD | ZAETHY A, &
JTNREAE IR RAR TR AN & O FE P I OCEEE, MEACAR TR ARG B i s — 22 bz, Bl CAD 7]
LA SMEAL T FIE . AARARERN & S, AR OT PR AR A SR, R0 3R A P P 2 i B £
gy, V& BUE Y 4H M BE 1% o 1) S8R, CAD | Z p ATAE S AN A A S, 3@ H Ay CAD A LA
I HEAL 2 FANRI R, W T ANFRRYIE A 22 5. ttn, UG IT ) AtCADS P DAL & Gl ainmE
W FAAATE . 5-FR SRR FAREAN T 7 I LAY, Ferp AL & SRS VE iy, FLUR T T e B-F2 B A AR o
5 AtCADS [F] 5L ik 83%HH) AtCADA HEALIT I 52 F Ak, HABEMEILTT 7B, 1 AtCAD1-3 fll AtCADS6-
9 PR AKX LR R 5 P AR AL L

Y CAD TEREALIEFE B BUECRE AU I D Be Ak  TE [ ZAE it 7 b & B CAD FIRe S 5 ALY
AT DY, HEAE S SA TR A, kg SR AT A IS, DR B SR s e P 0, o B e i R 1
R NI BT e A R0, X e e 2R AP AR S CAD 2 5 KRR A I ThEEAH G . TFFLE R,
CAD MY S5 K it IR SEA AL I AR, 1 HL5 S S KR A R 4 ke 631, 4R, 9% T CAD 1EML



FAEMAEE & R D RESE A HRIE . BATRITT I TC M HEAER (o A LR B0k A0 BB R AL 48 B e %
e T D RERE Bt 28 PmCADL S K], JRAE VR M S B A 28 e I 218 mT AR AL P A 1l PRI
RN e FT B SR AL AL B 1 o) PR RE RS & ¥ L RE R I, (H, CAD FEMFALSE R AL ML R R, B
RIEH FE CAD 2 HZ SR MIEE U WEERE I & BOEANE R . AW T T M 7L AL DR 2 20,
TEMGAE A AU A6 23R4S PmCADs [RIUEEE ], #E— 0T f 1 2 i 2 A R B PR, V40 i 58 o2 Tt
LR G5 PR A, JetaRE i, GeRIL gt RAIER o, RERF L. RIEMEEEYE
BN, FEImILH 3 M EA G U OC 1 PmCADs £:[H, 3 — 5 id s 5% 8 7 PCR B /A HALFF I
ANTRIR B ) 2R A ORI 1 AR A1 Bl 5 A 2 BT B SR AIE 173X 3 A PmCADs 3 [K] 5 PR RE & A 5 ARHIE 7T 4
E T 3 MEAERHEAE R o RIS 5 O RIS B, DV AER 67 T B BEE 1 BHRSERAT SRt T 0L+
B[R ik % o

1 R EEZE

1.1 f§4£ PmCADs EEHEEEHLE RIBUFFESTHT

FIFIMEAE AR DR 2 8040 DS (Hdfs 4% NCBIL, 351 H 5 PRINA171605), LALLFGIF AtCADS FZ IR
FPBIE 5% 5 BIHAT A4 b BlastP #H R LUXS, Tk 264 E [H<1X10°, 3K{FHE{E PmCADs FJ A i )
FF41. FIH ExPASy-ProtParam Chttps://www.expasy.org/resources/protparam/) 3t 7E 28+ 5041 PmCADs
HEMEEREH . SRR T REEEABEER . M GenScrip Mk i) WoLFPSORT T A (https:/
www.genscript.com/wolf-psort.html) 7EZE Tl PmCADs & 1 7.2 il 5 437
1.2 #§1£ PmCADs HIEE L K R T 44035 5 1

T PmCADs 3£ K1) CDS 541 ML K 541, F ] GSDS2.0 M3t ( gsds.gao-lab.org ) 7 £k 2 il #5 1£ PmCADs

FEHFERE .. R MEME (https://meme-suite.org/meme/tools/meme) fEZE T PmCADs & H %7, it

ITORSF E5 R XF . 7E Thtools! eI k47 domains A1 motif A 4L .
1.3 ¥§7E PmCADs ZE R & (R HIE ML AL 54

BT ALK fasta /741 S BE R ERE GFF3 SCff, FIF Thtools it PmCADs % Kl i#E 47 4Lt
WERLANIEE A 73, IFAELRZ | circos .

1.4 #1 PmMCADs RIERG L BRI O

7E NCBI W3 Chttps://www.ncbi.nlm.nih.gov/) 7EZFEZH PaCADL (XP_034919559.1). PaCAD2
(XP_034903675.1). PaCAD3 (XP_034903674.1). PaCAD4 (XP_034903673.1), %i%j VVCAD1
(XP_002283356.1). VVCAD2 (XP_002279718.1), 7Kf% OsCAD1 (NP_001406095.1). OsCAD?2
(XP_015612799.1), #F7+ AtCADL (NP_177412.1). AtCAD2 (NP_179765.1). AtCAD3 (NP_179780.1).



AtCAD4 (NP_188576.1). AtCAD5 (NP_195149.1), AtCAD6 (NP_195510.1). AtCAD7 (NP_195511.1). AtCAD8
(NP_195512.1), AtCAD9 (NP_195643.1). ADH1 (NP_177837.1). ADH2 (NP_001190468.1). AOR1
(NP_173786.1). HCS1 (NP_001324828.1). HER2 (NP_851257.1). AtSDH (NP_974925.1)HI%i%; FxaCAD1
(AAD10327.1). FxaCAD2 (AAK28509.1). FxaCAD3 (AFQ36034.1) Z54f#f] CAD & IEE2 7% . iz Clustal
X 2.0 X #ft. PmMCAD F T ikiE F H e M) CAD & H AT Z 7 51 LLXT . FIH MEGAT.0 3 1) 88k k4T
I3 TR AR R AR A ROMEAE AR 25 i A8 SR IR A S 4 s (Edls A% NCBI, T H 5 PRINA172987),
M AT SEEUHEE PmMCADs £ [KKIA 1) RPKM B, K84 64T logl0 X #ab ¥ f5, HBINAEM =&
Chttps://iwww.omicstudio.cn/) 7EZRZx A, FHARYE AT R M. 1E evolview B
(http://www.evolgenius.info/evolview/#/) HidtATEL A IF454 Adobe Illustrator. Adobe Photoshop &5
HATEMN.
1.5 #§7k PmCADs £E IR IER T #h
iz i Thbtools {42 HUME{E PmCAD %K ATG i 2000bp /7414 )3 877 51, FIH PlantCARE
(https://bioinformatics.psh.ugent.be/webtools/plantcare/html/) 7££& Tl 16 PmCAD & K] )i 2+ 1 i =4 H
Joft, i 5 7E Thtools 3 At A it A7 i =X F ok B B T 4L
1.6 #§7£ PmCADs EEEA R EM R FTIEER 7
DML VLR ER kgt SREE T Ibnt U [ SRR A [ M A8 DT R 0 o 8 7] — IR [A] R SR AR
YLEPECRY AR YR, BE . RIEMARE s, FERRE SR, RIEE TP
7, JERAET-80°CHURIR VK, HTRKFIE M. MA “RNAprep Pure 2 2 i) 5 RNA $2HUAF
7 (DP441, KAL) FREUMEIEAE IS RNA, N “FastKing cDNA % —#5 & Bkl & (EIEFEY)” (KR116,
KA [ pl cDNA, FFJERIA X Rk B T FIE R s % . #R 4l PmCADs ZE[K (1) CDS JP 81 it 2 e e
=59, UIEAE PmPP2A ZERE AN S HE R, AR BIRIRE S B 4 IRE R, R 2788 o $dis b 47 b 3,

TR A RIE R AW B 28517 51 LK 1

%< 1qRT-PCR 3|45

Table 1 gRT-PCR primers sequence

SRR FeFA (573 TS (5°-37)

Gene ID Forword sequence (5°-3) Reverse sequence (5’-3”)
Pm021215 CCAAGTTCAGAGTAGGAGAT CGGAATAAGTGTCATTGTAAGA
Pm021214 TTGCCACACTGATACTCA CGTCTCCTACTCTGAACTT
Pm002468 GGAGAAGTGGTGGAGTTG ATTGGCAAGACAGGCATT
PmPP2A ATGCCGGCTCACGCGGATCTG TTACAAAAAATAATCTGGAGTC
NbTublin CCAGGTGACAAGACAGTT AATGACAGTAGGCTCAAGAT

1.7 #§7k PmCADs £ 5z BEFR BB ]RiX
DAMEAE VLRD =0 AL ) cDNA AR, B & “KOD-Plus-Neo” (KOD-401, Toyobo) PCR 41

PmCADs 4741 (FLfE 51 ) I3 2). PCR VAR R 50 pl, L7 40 T 2045« 10 X buffer 5uL, 2 mmol/L dNTPs



5uL, 25 mmol/L MgSO4 3 uL, 10 umol/L 7 5|44 1.5uL, #iH cDNA4 uL (£)200ng), KOD fiff 1uL.
PIFEF N WA (94°C, 2mind; fE¥F 25 4> (98°C, 10sec; 56°C, 30sec; 68°C, 30sec); H/fEfHi:
68°C, 1min. NFARFE “In-Fusion HD Cloning Kit” (PT5162-1, Clontech) ¥ VI [=1U ) PmCADs % [4]
B BECS EY)E ERIA AR pSuperl300-GFP &+ (HARZE 140 H PR | ¥ A DI Spel), Sanger I & F B
ToRfE, KR PmCAD-pSuper1300-GFP (84 AL 73l e A A AT T GV3101, JRIERLARAT B/ 1
J5 R AR E T e, A S: 10mmol/L MES (pH5.7). 10mmol/L MgCla 150umol/L Z.Fk T 7 i,
T B RATH CRATEIRE: HIEE ODeo N 0.5, P19 4 0.2), 72 /N JEHEHUB S H 52K (1 T4k
HNEEEPERTIN o DA A 2 B MR S AR Dyt R

*®2 EEwRESIYFY

Table 2 Gene clone primers sequence

SRR Ll (5737 RS (5237

Gene ID Forword sequence (5’-3”) Reverse sequence (5°-3”)

Pm021215 GTCGACATTTAAATACTAGTATGGGTAGCCTTGAAGTGGA  ATGGTACCGGATCCACTAGTTGGATTAAGATTGCTGCCGG
Pm021214 GTCGACATTTAAATACTAGTATGAGGAATGAGATTCACAA  ATGGTACCGGATCCACTAGTTTCCAGGTTACTGCCAGCTA
Pm002468 GTCGACATTTAAATACTAGTATGGTTAGCCTTGAGGTGGA  ATGGTACCGGATCCACTAGTTTGATGAAGATTGCTGGCAG

1.8 #§4E PmCADs 5N g FE 14

CAD [l 11 Al 1) Ji 382 S 824 NADPH 7E 340nM 1)1 A R 5 PO WS WS Ueg , ek A 00 il 5 %2 T 5 R
JCAERIARAC T DL SRV T M B, 1 T e SR BRI 1 o R 00 Al v 2 P ) 9 200 AR BB e A 2%
A45: 20mmol/L MES (pH5.7). 1mmol/L AIE:EE . 1mmol/L NADPH F1 20ug M H #REUE (. FH B bR SR
340nmol/L FIIMEIEAE, At R SR E S 30°C, Al 1] 30 min. f/gi@id 0 min F1 30 min OB (E A
tbit 5 CAD Bfi%, A : CAD BT (U/ng) =AA/ (exd) x1I0%MIT, HAFAA: WGEZE; e: NADPH
BEIRE RS, N 6.22x10%L/(mol €m); d: J6iE, N lem; 10°%: LS R%, 1mol=10°nmol; M: EH
B (BRAA pg): T: SIS E CERAZAY mind.

2 ZRS55H
2.1 ¥§7% PmCADs ZFERIKN L ER SR AE KRS

ML A RN IR R, L% e 56 AMEFIE PmMCADs R R F M (KR 1. BAFH— %4550
RIBEAAE 5T 70 7R . 1K 56 1> PmCADs & 12 i 1y 118~802 M JE IR A4, Horh Pm022689 4 i

HF 55K, Pm001767 F1 Pm002267 14 H P4 B &M T HERM G 7=/ T 12.86~89.25kDa 2 [A], %5



L RUYE 4 5.05~9.52, it 40 4~ PmCADs & [ R 55 H pi b TREVEIX ] 4, 16 A~ PmCADs 25 [ (172 18
S H AL TR Y, R PmCADs & AR IRI S AN, RIUCARRMEME A H K SRk
{E7E-0.291~0.702 2 [f], FrhsE/K % PmCADs 2 H4 36 1>, #i/KPE PMCADs & 20 4 AfaE REGE
4 12.11~105.76, HH145 48 4~ PMCADs & H AR E REUA /DN T 40, JAXFRE B BT A E A7 )
ME7R, K4 PmMCADs & AL T4 4, S 71%, F 12 Mz Frrsiik, 2 MrF4niiEse, 1AM

TG, 1A Al A L.

2.2 ¥§1E PmCADs HIER S R TEMBRARTEF S

A 5~ R A 5 T R R 5 4 T DL S WS R PR AR AIE, Dy T — 25 T fRMGAE PmCADSs JE R 5 1 % i 5
Z IR G 2, TG0 5 DR 41 5005 45 BIME 18 PmCADSs 35 [H 5k % il i B R g5/ B (1 L) B FITR,
1346 PmCADs JE [R5 H 5 5 BN SE R 454y, SRORHE TR R A AE 451 AP AR R (M 2 5% . PmCADs & [H X
Ji B R A R B 2 O 10 ), LS K Pm006116. Pm020413. Pm022682 .. Pm022684 . Pm022687 . Pm024263
A Pm025214; 1 Pm001691 KA HAVE 1 MR T, NEWNE T HEF S K72 7RI HEE PmCADs
B R G0 R A AE LI 2 REIE AT BRAFAEBUR M T BE 21K o



& 1 7% PmCADs RIEE L5+
Fig.1 Gene structure of PmCADs in P. mume

BE— 2 3 TG AE PMCADS 3 [ S0 i 5% 1R B 1 DR sy 5y AN 2 Mg . Ganll 2 i, 46 PmCADs 2 K] ¢
FRATLAAY AL (B 2A), 4T [ — 411 PmCADs S & A5 HIX BARUK AR 7 37 (Motif) 41K
(K 2B) FIfRsF4ifts (B 2C). 55 1 1. N SEZH R B 57 B e RO 2E s Ar B, TAT 2R IV T VT4 0 ) O
P A RS T = AN R B R RO, R EA IR Re R Rz R Hop, 28
I/ 2L PR A 57 0 25 A 5 R (¥ Mot 9, T 5 V EZEL IR A 573 2 AT (13 F S A /b, 32 A7 JE 7 Motif2., Motif4.
Motif5 Fl Motif7. MARSFEEMIIRII G &, 55 1 WAL 32 B 545 PLN02586 45 #48, Tl BAT PRk
it R B N ALK AR RS AT MDR S5RE,  TRIN R A B B  OR ) R B S T 5 A
F ke 570 LA PAY R I s S X R AR AT (¥ PLIN02514 S5 443k, B AT R T S 2R g PRI J S s 38 1V EZEL A A R
FEAHH MDR M3 55V AR AR S RS S MR B £, 3L rp 2 B M AR 1) ADH
ghftg. DA g5 R PmCADs 5 R S G AE A I R i T Be R AR T IO REG I DIRE 404k o

A: HF{E PMCADs #4t% H#; B: HE{E PmMCADs IR -TIEF AR JRAZIE L RAG TR AP, C: #E7E PmCADs [ R~ £ M3k, JE AR ZI B4
Reflit 28 1T R
A: Phylogenetic relationship of PmCADs; B: The motif compositions of PmCADSs; The bottom scale line is used to estimate the length of the proteins; C:

Conserved domains of PmMCADSs; The bottom scale line is used to estimate the length of the proteins



& 2 #87 PmCADs EENR LA B X H. RTEFMLEHT

Fig.2 Phylogenetic relationships, architectures of conserved protein motifs and conserved domains in PmCADs

2.3 #§1E PmCADs ZER B & _E B 5770 R L 4 574

X HEAE PMCADSs J K #E47 Ytk e AL /0 Mr, KB PmMCADs & [KIZEMIIE S 1 5315 7 S Yk E#H
fi (E3), 5% 5~ PmMCADs %K i 4> A fE scaffold371 b (EH R ER). B THECR2 A4k, 78 Pml. P
m4. Pm6. Pm7 Gtk #iAT R R 0 A, XL WIMELE PmCADs 2[5 75 &[5 25 v 1) 52 il 4778 Fr B A2 il A s
B HIWAE R, I H R B AL PmCADs JE[X S I EEE L. 1% PmCADs JE A e St 2 1 4y
Mrak i, SMEIERER AL T b, TEMEAE Pm2 A1 Pm4 Jetifk, LUK Pml Al Pm6 Jeafk b B=E

o5 H) FEHF AL PmCADs 2K Pm00667 A1 Pm015711 2 7] LA & Pm002468 11 Pm021214 2 [a] k& A= F R 5 il .

3 ## PmCADs 2 RESta ik E It &

Fig.3 Chromosome locations and synteny relationship of PmCADs genes



2.4 PmCADs EHE M B EFIRNAER T 247

12 IIE TR 1) 32 4% 77 THIARAT 1% PmCADSs 2[RI 5 1 Th 834k, FIAT PlantCARE 7 25 W35t % 4
1t PmCADs 2 NI 3 7SI HEAT /04T, R ILIEMEIE PmCADS 3[R ()5 3l X 3592 A7 45 DU 20 i oG
h, BFES 5 BERRWRL . SRR T ER R KA R 82 WA FH 704 0 3 A 2 A3 A DR it =X A
Tt (K 4), XUiHIHE{E PmCADSs JER 5k 3 2 5 S HMIN A K R MW . b 2 55 H H A
It 75 T L L 4 A FH TG #E PmCADs J: PR v (5 LE e %, X 4% PmCADS = R 7E MEAE HEHT AR M iR A=
IBEROR LY £ b S (N

4 ¥§7£ PmCADs B F X IR AE R T 247

Fig.4 Cis-acting elements in the promoter regions of PmCADs genes



2.5 7L PmCADs RS HEY# CAD B RGHMR 547
NN AL PmCADs ZX 5 & A AT RERI AP Dh g, 3AITiL$E 7B 7T (Arabidopsis thaliana). 7K7##
(Oryzasativa). (4 (Populus alba). %% (Fragaria x ananassa) F1%i%;j (Vitis vinifera) #F CLiiiE ) CAD
5§48 PmCAD —EHERGRKEW (5. WRIERGKEMM SRR, Kl PmCADs ZK k7 5 4
WA : SEIMAH AL B4 FxaCADL. #lF 7+ AtCAD6. AtCAD7. AtCADS FIfi#%] VWCAD2. ZBIIE4H i,
EHUETT AtCADL; SBINS S0 LR 7+ AtCADA, AtCADS Flfi % VWCADL; 51V 32 & s 7+ S ALiR
J5E AtAOR, CLRIEE S — 1> NADPH (S 1)) B B S A ik S5 i, 2 S A SR & 48 R A2 ik
HREEITE BRI, BBV AR SO BRI AU AtADHS FINLIZLEE i 2 AtSDH %5, CA B 7RIS, R I AtCAD4
A AtCADS AL Er e WNHERE . FARARE. 5-FRBLRMAHRE AN T 7 R AE I RSO LS (s PR s, T AtCAD1-3
1 AtCADG-9 i 14 1 L JE 470 11 PR AR IS). - DA_E A3 A7 400 52 T~ 3511153 52 ¥4 4 PmCADs, 4% Pm021215.
Pm021214 1 Pm002468, EA17I Be SHEIEAL T AL S RAERZ I & ARG . HETERIAE. R R 25 AR
YHYLBR T I AR TR AL T 256104 32 (1 3 > PmCADs JE[K ] LAIFEAE 28 B P 3KIA, b Pm021215
1 PM021214 {E & A3 B IR IK K P EE &, 1 Pm002468 fEAR I ik B B iy, FLUGRTERIRE, fEZX
Rk R, Bk, BATLELEX 3 NEEREMIETEE & B ¢ AR I S Mg i L A, T — BT .
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Pm:#1E; AtPIEETT; Os:7kF8; Pa: B47; Fxa: E%; W EE

Pm:Prunus mume; At:Arabidopsis thaliana; Os:Oryza sativa; Pa:Populus alba; Fxa:Fragaria X< ananassa; Vv: Vitis vinifera
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Fig.5 Phylogenetic tree analysis of PmCADs and homologous sequences in other species and heat map analysis of expression in
different tissues and organs of P. mume
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e SEBS ST B PCR 45 R oK. Pm021215 {EAE PO FE i 2L TH i J5 PR R IA A, ZE AR TE 3]
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WK KPR (B 6C): PM002468 11931k /K SFEAE S UL A2 o R IR SETH B e 3h, (EARTEHIRIE K
ik FE(E (B 6D). #E—, JATIERE 7L TLEY E A H) PmCADs 2[5 (& 6E), H: Pm021215 K
CDS >} 1074 bp, Pm021214 [¥] CDS >N 1074 bp, i Pm002468 1] CDS & 912 bp. % 1 #E{t, PmCAD &[]
HEHE 35S JH )T A BRI E A, R RAT B ST I TVALE By R BRI ik PmCADs, 41| 6F,
6G Fl 6H 7k, PmCADs H[R7EMH RN f sh#id ik . SREUHEE I Fop B 1, 7E A IS Ak 2 R IE
TR =AMEE PmCADs HIBg G, 4l 61 fras, 50Oy FO0 IR, HEdE Pm021215. Pm021214 A1 Pm002468
BFRINE I PR RS B A A FE B (B RE R . 454 JE IR A MU RS M (I 9T, AT Pm021215,
PmO002468 1 Pm021214 #Z 5 AL B b dh MORERF IEAE A RS20 A RE R R 45 7 o

A: 87t UIRYERY AREIFIEMEL;B, C, D: PMCADs EEEXFMAEM ERAFRIEH7;E: H#87E PmCADs BERIY 15, M: 53
FRINERT, 1 Pm021215, 2: Pm021214, 3: Pm002468; F, G, H: PmCADs EE 7 &M F hAIFRIZE 547, LU Nbtublin {EA M
SE @, I: PMCADs PIEEES Bt SUBEIE M 4, *: AR RZ KT, XO0.05;%F: AFIREZKFE, /0. 01
A: Different flowering stages of P. mume ‘JiangshaGongfen’; B, C, D: PmCADs genes relative expression analysis at different
flowering stages; E: Amplification of PmCADs genes in P. mume; M: Maker, 1: Pm021215, 2: Pm021214, 3: Pm002468; F, G, H:



Expression level analysis of PmCADs gene in tobacco leaves, with Nbtubulin as an internal reference gene; I: PmCADs cinnamyl
alcohol dehydrogenase activity analysis; *: Reached a significant level, A0.05;**: Reached a highly significant
level, KO0. 01
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Fig.6 The candidate PmCADs genes relative expression analysis at different flowering stages of P. mume ‘JiangshaGongfen’ and
enzyme activity analysis
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Fig.7 Subcellular localization analysis of PmCADSs protein
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PmO002468 1] &5 1675 i 7 PURERE & Bk 5. b Pm021215 g A R R 4 i 3138 1o % 5% 4H % 52 1) PmCADL,
B PR A R AR (1) Th BB DU SGAIE, PmO021214 5 PmCAD?2, 2 Bl [FIRIF 78 ARAG I H L HAT i1 A e
A AR R A& PR DA A TN R Sl R AR 2R v 1 R TR FE ARSI T BOdE AT AL, UER Pm021215.
Pm021214 A1 Pm002468 #fS A7 {H A0 AL A il R EE B RO 1« MR AR () J 2 2 S A, Bk A bR,
ML BA A R IEAE A, UREZH A I B ARk A R AL, BN AE R R 41 PmBEATS J [A] (1 BRI
5 i 2 T BU AL RENS & IURRIEAE B Loy SRR TR DSL, A58 I L B IR 2R K vk, g g Rk R R 2 o
JAiE B CAD LR BN, KIMERIBER CAD fESEM H RIS 51040, A KINAGAE R AFAERF IR
15032, I HHEAERT Pm021215. PmO021214 F1 Pm002468 3[R 7 Bk ik DK 4 r 15 4545 — N tof I 11 5% R [ 1 3k
PR, X WA AL 3 ER ZH P PT B ANAEAE AN o e A ) T A6 3 B2 PURERR &5 0 CAD JE [, HEDIARAE R4
Ay EERS 5 BT RE SRR & Bt — % CAD [,

SERS 9 E B PCR M TR X =AM FERITEFF AL I S AP B i, HRERUH 22 5%, Hoh Pm002468
A Pm021215 FEAEIF IS AN BEI A A — 2, BIEAE TR IR B, 1T Pm021214 (12 [K KA
FUREAE . ST EN#A] DAERIT O AR P 2IA, AR B S m O PR i SR, e A 1L 1R
Z 5 THHEE b R RERF AR A o R R i AR5 2 A T Pm021215 A1 Pm021214 5& {7 T4 o,



Pm002468 5 for T - 4Ar, (HZS2IGIGTE (45 R Bl Pm021215 A1 Pm021214 8 @A T 405, i
PmO002468 1] & iz F P BN A, I H Pm021214 1 Pm002468 7541 MiA% 5 43 AT o 040 i i 3 A7 75 22 57
Ui EATAESE AN [F] () XA T Be 2 5 A R AR RE . AR T IRIE LR 7T AtCADS & A 75 4H L B A1 4
Jr, 5N EE A R S RE A — E ), Pm021215, Pm021214 Fil Pm002468 J2& 75 5 i (4l B 1=, LLJ
Pm002468 k% 4 1Y) V. 21 i 5 A7 5 Btk — 20 vt H ik g6 in LA A

A RS B T ARG IOE,  FRATIAMENE Pm021215. Pm021214 FI Pm002468 [ AJ 4 ] i /£
KRR FR A AR 8o WAEREI & i B REAER . 28 BRR, ARBEFL40 4T 1 HE4E PmCADs FGR 114 %
#, JHECHRIB TR EEBSE T 2 N RES SHEEEE &K PmCADs 2[5 (Pm021214 Al
Pm002468), JtAERFIEAE AT L7 IRAEERT R & AT 70 B g Rl Mg AEds (i A RHEAE & 70 1 B il he A 5
FRFE R i 2%

SEH
[1] Hao R J, Du D L, Wang T, Yang W R, Wang J, Zhang Q X. A comparative analysis of characteristic floral scent compounds in Prunus mume and related
species. Bioscience, Biotechnology, and Biochemistry, 2014, 78(10):1640-1647
[2] Zhang T X, Bao F, Yang Y J, Hu L, Ding A Q, Wang J, Cheng T R, Zhang Q X. A comparative analysis of floral scent compounds in intraspecific cultivars of
Prunus mume with different corolla colours. Molecules, 2019, 25, 145
[3] Wang X, Song Z, Ti Y, Ma K, Li Q. Comparative transcriptome analysis linked to key volatiles reveals molecular mechanisms of aroma compound
biosynthesis in Prunus mume. BMC Plant Biology, 2022, 22: 395
[4] #tE, £, #M, BB B AFEMETERFTER B 88 500, WHTR MR 2 244), 2024, 41(2): 262-274
Yang Y, Wang Y G, Dong B, Xiao Z, Zhao H B. Identification and analysis of floral scent components in different varieties of Prunus mume. Journal of
Zhejiang Agricultural and Forestry University, 2024, 41(2): 262-274
[5] Mansell R, Gross G, Stockigt J, Franke H, Zenk M. Purification and properties of cinnamyl alcohol dehydrogenase from higher plants involved in lignin
biosynthesis. Phytochemistry, 1974, 13, 2427-2435
[6] Kim S, Kim M, Bedgar D, Moinuddin S, Cardenas C, Davin L, Kang C, Lewis N. Functional reclassification of the putative cinnamyl alcohol dehydrogenase
multigene family in Arabidopsis. Proceedings of the National Academy of Sciences of the United States of America, 2004, 101, 1455-1460
[7] 7fh, g8, KRIE, Ble, £, REZ, WHH, GEF. E/R¥ESL PsiCADL Fl PsiPRX6 % B (¥F 41 & A fRik 4. /- THEYE i, 2023,
21(18):5947-5954
Zhang Q, Gong X, Zhang T Z, Chen 'Y, Wang H, Wu C Y, Tao S T, Bao J P. Subcellular localization and expression analysis of PsiCAD1 and PsiPRX6 genes
in 'Kuerle Pear'. Molecular Plant Breeding, 2023, 21(18):5947-5954

[8] Ge H, Zhang J, Zhang Y J, Li X, Yin X R, Grierson, D., Chen K S. EjNAC3 transcriptionally regulates chilling-induced lignification of loquat fruit via



physical interaction with an atypical CAD-like gene. Journal of Experimental Botany, 2017, 68, 5129-5136

[9] BRrh, BKGE, E£HE, mHEEpk ARG HASCHER R, I Al R#, 2008 (9):100-103

ChenJZ,Ge SL,Wang Y N, Ye J. Relationship between lignification of peach fruit endocarp and the activities of related enzyme. Journal of Henan

Agricultural Sciences, 2008(9):100-103

[10] Sk, REHRZE, R, 4ibk. B RSA H RPUIAR R G CAD B b IR KL, ol KR2E2ER: HARRIAR, 2019,43(1):141-148.

Zhang C H, Xiong Z H, Wu W L, Li W L. CAD enzyme activity and gene expression in connection with lignin synthesis during fruit development and

ripening process of blackberry. Journal of Nanjing Forestry University: Natural Sciences Edition, 2019,43(1):141-148

[11] Wang P, Yang J, Li Z Y, Zhu J J, Gao Q H, Ni D A, Duan K. Genome-wide identification and expression analysis revealed cinnamyl alcohol dehydrogenase

genes correlated with fruit-firmness in strawberry. Journal of Berry Research, 2021, 11, 447-464

[12] Liu W, Jiang Y, Wang C H, Zhao L L, Jin Y Z, Xing Q J, Li M, Lv, T, Qi H Y. Lignin synthesized by CmCAD2 and CmCAD3 in oriental melon (Cucumis

melo L.) seedlings contributes to drought tolerance. Plant Molecular Biology, 2020, 103, 689-704

[13] 5k3:. CmCAD2 Fil CmCADS 7E7# Ji &t IR SL & & 5 A S & P e AL JERE: JERRA LKA, 2017

Zhang C. The role of CmCAD2 and CmCADS in aroma synthesis during the late period of melon fruit development (Cucumis melo var. makuwa Makino).

Shenyang: Shenyang Agricultural University, 2017

[14] Zhang T X, Bao F, Ding AQ, Yang Y J, Cheng T R, Wang J, Zhang Q X. Comprehensive analysis of endogenous volatile compounds, transcriptome, and

enzyme activity reveals PmCADL involved in cinnamyl alcohol synthesis in Prunus mume. Frontiers in Plant Science, 2022, 13, 820742

[15] Zhang Q X, Cheng W B, Sun L D, Zhao F Y, Huang B Q, Yang W R, Tao Y, Wang J, Yuan Z Q, Fan G Y, Xing Z, Han C L, Pan H T, Zhong X, Shi W F,

Liang X M,DuDL, SunFM, XuZD,Hao RJ,LvT,LvY M, Zheng Z Q, Sun M, Luo L, Cai M, Gao Y K, Wang J Y, Yin Y, Xu X, Cheng T R, Wang J.

The genome of Prunus mume. Nature Communications, 2012, 3: 1318

[16] Chen C J, Chen H, Zhang Y, Thomas H R, Frank M H, He Y H, Xia R. TBtools: an integrative toolkit developed for interactive analyses of big biological

data. Molecular Plant, 2020,13(8):1194-1202

[17] Yamauchi Y, Hasegawa A, Mizutani M, Sugimoto Y. Chloroplastic NADPH-dependent alkenal/one oxidoreductase contributes to the detoxification of

reactive carbonyls produced under oxidative stress. FEBS Letters,2012, 586, 1208-1213

[18] Bao F, Ding AQ, Zhang T X, Luo L, Wang J, Cheng T R, Zhang Q X. Expansion of PmBEAT genes in the Prunus mume genome induces characteristic floral

scent production. Horticulture Research. 2019, 6: 24

[19] Chen AP, Zhong N Q, Qu Z L, Wang F, Liu N, Xia G X. Root and vascular tissue-specific expression of glycine-rich protein AtGRP9 and its interaction with

AtCADS, a cinnamyl alcohol dehydrogenase, in Arabidopsis thaliana. Journal of Plant Research, 2007, 120, 337-343



