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JCFRE B8 MR 1 S AR I (Trans-factors) .
TEE R A 248 31 T e R SE SR R X
07 PR 3R 3k T A A A B T 2 W 2R 1 AL AR )
gt
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AEAE S5 R R R AR . R 1 AR 98 BB TR AL A
R IR €7 B, A IS G S AR SE T vl E
T B AR AR 5 il A A 2 ) YOG AR R
PRI 3¢ 35 AR 5GP 43 B T 2 3 52 o) B0 B T A A6
PPO i P 1 25 24 i B DL SR A0 HOR 3l 7 i
PR W LT IR ST T B VA TR 5 PR A R R TR OB
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Fig. 1 Petals of rose variety‘Carola’ used in this study and pressing toolkit
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M, MK A P EALE 10 AR T 100 mg/L
AT R (ABAD VR (T L B 4% 10 AR T
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B3 ANRESRHAE 23 °C~25 C NI 24 h J5 B
I E T R A4S b, A AR R BE 2% 1 T % 1
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PEAE P 7E A7 Sl S L £ ] Konica



339 JEI Ok T 255 - BB AR AL G e 0 9 728 BB S0AT B AR OC il 2 TR 3R 3k T Y < 473 -

{4, & 11 (Konica Minolta, CM-2600d, Japan) TE
CIELab L2015 FF i R BB A, 45 35 br
L7 Loa fl b 3 AME Hr L Rt B L, 4K
AN 0~ 100 , FRAEL B /INFE it B 5 S5z 22 0 A 5
(—a,0)F1(0, +a) 7 R RGO A, —a
/N R R BB, +a BEOR RN RE L AT
(—b,0)FICO, +b) FK7m A fit i G F0 3 G R, — b
/N F R B AR, + b AR K R BE S
1.3 HHIERMNE

BT g SURAEIRAE O TEWRCA T o B &2
KRS AR G AR A T8 bR, S By & B D g SR H
Folin-Ciocalteu H. ik, 5 # i & & 2 R
SUR AR B — R R A — B R A KUY, PPO A

POD 5 A9 52 2 2% iEs - 19 )5 % . CAT A1 SOD

TP I 5 FE R A P B iR AT

1.4 E[FE4A DNA RIS B3 Frx 4l
i CTAB L2 HOFE 19 5L DNA DLy 3 5

YRS 37, A 38 A 3 90 B3 488 i 1R S 3

TR M 9 (R D IR Takara®
fication Kit i 7 & #EAT 44, K R AEL T
e B2 5 U B % B Chttps://www. takara-
biomed. com. cn/ProductShow. aspx? product
ID=20141226101216657223) , " 54 I /¥ 15 3|
B 7 31 5 A PlantCare Chttps://bioinformatics.
psb. ugent. be/webtools/plantcare/html/) H i
(Y ERC I RPIv A e

Ampli-

x1 EEBHFYEASY

Table 1 Primers used for promoter amplification
5|4 4 # Name 35 (5'>3") Primer sequences R BEKE /bp Length
ProRrPPO1 F: TGGCTCAATCAGTTACCGGACT R: TCATGCCTTAACTTCTGCTTCC 2 006
ProRrPPO2 F: GACAGTGAGGATCAATACGATAGT R:AAAAAAAGACCATCGTGGTACGGA 2 010
ProRrPPO3 F:ACCATAACCCAGAATGGAAACC R:CATGTAGCTTCTTAGCAGCTCG 2013
ProRrPPO5 F:GTGACTGCTGCATCCATTGGTCA R:AGCTTCTTTAGTGGAGATATGAGC 2002

E: RrPPO. B Z W AL BEHE A
Note: RrPPO. rose polyphenol oxidase gene.

1.5 HRANFSHESFT

{71 LabGene™ % M £ Rk ) i RNA §2 ¢
IR G R BUR AL AL Y 8 RNAYY ) 5 41 5
5505 B 1 sBURR D B 4 A PR 2 | 58 i, B A 5 A%
J& R S HEAT 3 5 PF B2 01 L AL SEAT 52 ORT i 0k
A4 b U8 5 AT 1Y = BT 5 )7 81 (clean reads) 5 BB
F W 4 Chttps://www. rosaceae. org/Publica-
tion/11745272) i 47 Lo X LA 3k 153 )5 91 3 B A5
B logFC 4t =1 H P value <<0. 05
YE R HE T 1%k 25 5 2 35 BE I (Differentially ex-

pressed genes, DEGs) . %& [ i) 2 i5 /K F L Reads
per kilo bases per million mapped reads(RPKM)
{2/, 374 Unigenes f5 B F B F] Gene Ontolo-
gy (GO Bdi " .
1.6 qRT-PCR % #f

fi FI 3 R 3 ®Evo M-MLY RT for PCR kit
SO S & B RNA i AT G SR IF A
cDNA AR5 5% 5 40 77 514 ] Primer Premier 5. 0
VG190, Br S92 Bis .

%2 qRT-PCR 3|3
Table 2 Primer sequences used for qRT-PCR

51 ¥) 4 Fk Name

3 (5'>3") Primer sequence

J BEK FE /bp Length

P-RrPPO1 F: ATCGTCGGAAGCCTAATTGG R:GCATCCGCTCTTTGTTTTCC 439
P-RrPPO2 F:CGAGTCAAAGAAGCTGGTTC R:CTAGGCACTGAAATACTCGATC 246
P-RrPPO3 F:CCAAGATGTGGACATTCCATGG R:CGATCACAAGTATCTCCTCC 261
P-RrPPO5 F: GAAGGTCAAAGGTGGCATTC R:TTGGAATCAAAGTCACCACCAC 324
P-RrPOD3 F:CTCTCTCTGTCTCGCTTTTC R:TAGTCTTGAGGAGCTCCTTG 276
P-RrPOD4 F:GTTTGTCCTGCATTGGACAC R:AGCGCGAATTTCACCTTTGG 312
P-RrSOD1 F: AATCCCTAGCCGGATCAGG R:TCCCAAACATCAATGCCAAGC 428
P-RrSOD2 F: TGCTCTTGGTGACACAACAAAC R:ATTTGCTAAGCTCATGTCCACC 332
P-RrCATI F: GGGAAGAGTTAGTGTTGCTG R:GCATAAAAGTGCACCGACTG 385
P-RrCAT4 F: CCGTTACCCTTCATATCCAG R:TGAGGAAAGGATCCTCTCAC 292

IE: RrPPO. B Z By A AL B 5L R ; RrPOD . Ui E ALY B HE IR s RrSOD . B8 8 S AL W B AL Bl 6 R s RrCAT . BB ad S A0 AL AR IR
Note: RrPPO. Rose polyphenol oxidase gene; RrPOD. Rose peroxidase gene; RrSOD. Rose superoxide dismutase gene; RrCAT. Rose

catalase gene.
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i & B Iﬁ%®SYBR Green Premix Pro
TagqHS qPCR Kit 91 5 #8547 A0 R 3k
I AE P HE A R RRR 7 e ™ Ul B R R
( https://agbio. com.
premix-pro-taq-hs-qper-kit/) , 3+ 5 5% b DU
D1 1 CK Z3 i fF R 0 B R 22 TH5 HAl
T 6 A S 23 SR X T X R A B e kKT
1.7 SHHHHFE

i F Excel 2025 B2 il S 4 AR &, Atk
P Kt LS AR 227 Ko . (il SPSS. 27
BAF AR e-test XF PN E 45 R AT 22 7 WE M
Brs = F0 x> 43 ) 3R 156 20 5 6 B4 22 ) £E A
25 0 M (P <<0. 05 Al P<C0.01), [l i Al H]
A Y B2 IR % A7 5 1 (Pearson correlation) Xif

cn/product/sybr-green-

aff avalue

A 40.00 B
DI 35.00
o 30.00 7 *x
§ 25.00
- 00®: [|.
a 15.00
= 10.00
o000
D3 o . . .
DI D2 D3
Pl B Bt Stage

it 0 1k 5 Ak PR R Gk R A AT AT . ] Graph-
pad Prism BP0 52 $iodls 22 il et EDE U R
package Fl TBtools X #% & % 4f 45 2R i 17 v] M4k
il AR EE 3 MEYFEER .

2 HREAMN

2.1 EHRUEBREETALSHN

P8R %R0 G T MR T ) 2ok A v A i e 7Y
B, FH S8 2T 60 % A8 Ry PR AT 8 (] 2-A)  JE TR (1)
SCHEAE Lo 32,16 B E R E 16. 78 (& 2-B).,
MM a [HAAFFIERL B4 D2 & D3 Br B 281k
IR T D1 & D2 BBt (& 2-C) ., [F B AE M b
(B R RO 2 R AR 2 5 B 2-D) , R B A
MEHH D EEEA,

45.00 - C

D
20.00
40.00} ok 0.00
L 15.00 +
35.00 7 7 "
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25.00¢ % 5.00
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15.00¢ R 0.00 1 L )
10.00} ® 50l
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g VAV -1000f A
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Fig.2 Phenotypic and chromatic changes inpetals of the ‘Carola’ rose during pressing and drying process

2.2 MEBTHEHXIERSN

FE A6 AC IR ) B €0 48 Ak 3k B2 v, 6 02 48 A8 AR
KAbRL B A T W24k, 45 R E 3 s, 78
BT IR D1 2 D2 By B, BE 5 b it S
(16,9610, 43) mg/g BEMME (12, 24+
0.45) mg/g. M7E D2 & D3 BB, # & i B
T BEARIE B R T D1 & D2 BB, JF HAE D3 By
Bz & ailZh D1 BBy 1/3. D1 2 D3 BB
f B HE R A B DA (28, 75+ 1. 82) mg/g F MR
(19.28+1.04) mg/g, W W0 & EHAMEE S K
1y 2 ek A8 AR AH LU BE BN .

I3 —J5 . PPO Ay il 2 48 A5 1 O 5 4 1k
ity , 75 & AL i 2 v 3L 3% M By (108, 63 £ 6. 69)
U/mg W& T8 £ (184. 79+12. 50) U/mg, HAE
D2 % D3 fr EFHIEEE KT D1 2 D2 BirBe.ix 5
SN AT BE AR X R . SOD I P AE AN B Bt
S5 PPO FHIE 122 fk ¥, {3 SOD 91
BARE T PPO. HEM PPO W 19 724 &5 %
SOD &M Tt . POD G PETE D2 F1 D3 Bir B 43 5]

S (176. 41 +8.78) U/mg M1 (164. 81+ 8.03)
U/mg, ¥ 3% T DI BrBe. #Es iy CAT &
PETE D2 B Bedf hn & (194, 094-10. 59) U/mg, i
1E D3 By B AR 5 249 (160. 00+ 6. 40) U/mg. 5
DI B CAT EE TR EER. AW EE
0 GE RS 30T, B 8 R B L AR R TR AR
PR AR B E G T4 .

2.3 HRASWER

2.3.1 E2FAZARGHLE N TIZHETEEH
PRAR AR 7= A By e B BE A, 43 il S B D1. D2 #il D3
B B AE A S RNA SE 47 5% 5%k 20 43 07« R BP D2
F D3 T~ 20 51 B R it 4390 5 D1 AR B A 1 L
40 D2_D1 M D3_D1(E 4), 74 D2_D1
i B 0 R 22 R RIB I 3 053 A4, MM
ZRFIRFEH R 3 939 4. FEHKYA D3_DI1 H
i 3 2 1) b 2% SRR L O 3 945 AN, R 2=
SERIRFEH N 5 235 4,

2.3.2 E2FAXARAMGHRER HL GOE
Xt DEGs B9 D BE#E 17 70 M. ZE P A2 s
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DEGs ¥R T 4= ¥id #2 (Biological process) .
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Fig.3 Changes in total phenols, total flavonoids, PPO,POD,CAT,and SOD activities

in petals of ‘Carola’ rose during pressing process
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Fig. 4 Volcano plots and GO annotation analysis of transcriptome comparisons between D1 vs D2 and D1 vs D3
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W= ik

35 &

X D2_D1 Ml D3_D1 o GO {8l & A 7E 24 5, (3 “fi
AIE 7 (Catalytic activity) ¥ 7E P54 HL 3 40 A 1
FER 3 3R I Gt 05D A4 1 8l 1) 38 A R TR S R 4 22 57
ik,
2.4 #7% PPO.POD.SOD #1 CAT SR E E &
K S

A it pR EG 6T 7 PR i A T R, HE 3 R 3 Gk
AKOF- X il 3G M HL A T B R, X A R G 1
PPO.POD.SOD Hl CAT 4 /> iy &[4, 3 % 3
T 21 MR (R 3. MNHE R R K F, Rr-
POD TEFEA R ILE 10 Muiin B2 22 53R
ik. RrPPO I RrCAT % BR824 518 5 4
4 A, H RrPPO4 K BoR 25 57 23K R
SOD WA 2 MHHBIR2ZEFFRIKL, NHFHH
PPO Wy 1, 51 & &, RrPPO1 ., RrPPO3 F1 RrP-

PO5 1€ D2 fi1 D3 BB i) RPKM {H34 5 F D1 B
Bt 7E D3 BrBoik 2 5 K1H . IF H RrPPOS £ D2
1 D3 B Be ) RPKM {H (3 A4y 8 2 4 1ED
T HA 4 SRR . T4 BRRrPOD4 \RrCATI
RrCAT2 FIRrCAT4 L) 4, POD, SOD I CAT
B HoAth 2 % B B3 76 D2 A1 D3 By Be Y % 38 K1
fiXF D1 &IAMHE.

J T BR3P Rk K, DL log-
FC 4 %t{E>2 H P value<<0. 05 [ Fp #E i 1E
10 D3R #EFT qRT-PCR 5630E (& 5) . Hih RrP-
PO1 ., RrPPO3 F1 RrPPO5 1 D2 1 D3 By Bt #H
XFF D1 BB BRIk RrPPO2 75 D2 1 D3
By BEA X F D1 By BER 8 26 ik, HAth 0 ok 19 3£ 1A
Tk RPKM 1Y 48 fb il A0 3, £ 5%
SR LSR5,

#x3 #HRFRrPPO .RrPOD RrSOD F1RrCAT B, 5 & H RPKM {&
Table 3 RPKM value of RrPPO ,RrPOD ,RrSOD and RrCAT members in samples

ER AR 1D DI D2 3 RS AKF A

Name Gene ID Changes of DEGs
RrPPO1 EVM_20prediction_20Chr2. 4596 36.4141.90 59.0742, 42 79.9543.51 1% Up-regulated
RrPPO2  EVM._20prediction_20Chr5. 6425  465.99+22.21  45.66--0. 77 15.9340.38 i Down-regulated
RrPPO3  EVM._20prediction_20Chr5, 6428 0.80+0.13 11.2840. 27 27.2740.43  Fif Up-regulated
RrPPO4 EVM_20prediction_20Chr5. 6431 2.7340.33 2.39+40. 37 3.0040. 45 Jo# 5 None
RrPPO5 EVM_20prediction_20Chr5. 6432 0.4540. 14 120. 86+3. 87 440.63+10.20 ¥4 Up-regulated
RrPODI  EVM_20prediction_20Chr2. 1230 3.7240.70 0.33+0. 06 0.0940.02  F#i Down-regulated
RrPOD2 EVM_20prediction_20Chr2. 1336 3.3040. 48 1.1040. 05 0.87+0.08 T Down-regulated
RrPOD3 EVM_20prediction_20Chr2. 1498 40.70+1. 22 9.39+0.93 6.65+0. 34 18 Down-regulated
RrPOD4  EVM_20prediction_20Chr2. 3765 7.4970.82 91.560.79  178.16-12.05 I3 Up-regulated
RrPODS5 EVM_20prediction_20Chr2. 6068 39.9641.98 14.01+1, 34 7.53+0. 36 T 14 Down-regulated
RrPOD6 EVM_20prediction_20Chr2. 709 1.48=+0. 39 0.31+0.11 0.2540.03 14 Down-regulated
RrPOD7 EVM_20prediction_20Chr3. 5028 8.3240.78 0.62+0.13 0.7540.07 T34 Down-regulated
RrPODS8 EVM_20prediction_20Chr6. 1302 2.25+0.14 0.6840.15 0.3240.02 T 1% Down-regulated
RrPOD9 EVM_20prediction_20Chr6. 6598 54.59+4. 96 0.9440. 22 0.32+0.15 T Down-regulated
RrPODI0 EVM_20prediction_20Chr7. 5199 2.18+0. 20 0.89+0. 32 0.43+0.13 T Down-regulated
RrSODI EVM_20prediction_20Chr3. 4255 95.38+6.85 25.214+1.17 14.64+2.12 T Down-regulated
RrSOD2 EVM_20prediction_20Chr4, 444 118.21+4.98 31.99+2.58 14.99+2.82 14 Down-regulated
RrCATI EVM_20prediction_20Chrl. 1078 32.7840.82 72.75+3.57 126.6442.59 1% Up-regulated
RrCAT2  EVM._20prediction_20Chrl. 1216 112.9941.78  135.00--5.68  164.3348.02  I'¥ Up-regulated
RrCAT3 EVM_20prediction_20Chrl. 127 19.1540. 49 70.86+4.93 67.2043.07 ¥ Up-regulated
RrCAT4 EVM_20prediction_20Chrl. 151 369.7948.77 3991.114115.895 467, 93+346.81 [ Up-regulated

. D1.D2 F1 D3 55U 43 A% 22 60 15 B B AS 5] 22 4 9 RPKM {8, RPKM {5 L 3 A2 8 & 00 B8 bR 257 %R B4 09 F &)
2 AR F L AL X R B9 RPKM (5 D1 22 8] 1k /2 2% 5 3¢ 35 58 7 1 0% 3% 41

Note: The values in columns D1, D2, and D3 represent the RPKM values of different genes at the corresponding developmental stages.

Each RPKM value is presented as the mean 4 standard deviation based on three biological replicates, An underlined value indicates that

the gene’s RPKM at that stage meets the criteria for differential expression relative to DI.



334

JRVER T 5 5 - OB AR AL A 02 46 728 AL B 23 BT B A G Tl A IR 3K T Y

o 477 -

~N

3 S 12 S20.00

Q B 1.0 2 18.00
r 3 2Z 0 iE}i-Sg
o8 = 0. % .
bk 83 06 18 1200
P B ® 2 8.00
® > Q— 0.4 N © 6.00
S2 < & Sk
QT A -a 0.2 < 8 4.00
g & N - 2.00
E S Sg o0 S8 0

] s

s & g

= =

< ~ ~

Q N Q
o 50.00 sy 3 120 S 12

N 1.00 B2 1.0},
2 & 40.00 %% &
5% 30.00 3% 080 X508
X o 30. WD 0.60 S 0.6
® 22000  x = % 0.40 B’ 04
X+ o Q'_' * % *% N o
Q= 10.00 S 8 0.20 Q702
e AT o s o

- A
& g DI D2 D3 R 2 DI D2D3 & 8

s B Bt Stage s B B: Stage §

& = &

$ R 1.20
. S
H_E B & 1.00
& %2 0.80
o
M= % 2 0.60
o
P 2040
S= Q2
g & S 8,020
A E Qg
& 2 & 3
g DI D2D3 g
MrBt Stage © WrBt Stage &
= &
S s S 12
%5 3 '}Véc..‘ 8
X2, KNS 6
K2 K2 4
g2 ! S22
S B oLl b J& 0
2§ DI D2D3 £EF  DID2D3
wa
B Bt Stage § B Bt Stage § BBt Stage
= =

B 5 qRT-PCR #EFRKFHH
Fig.5 qRT-PCR analysis of gene transcription levels

2.5 PPOEMRNMNSHEREERFERKIXKFEHNIE
XS

5T RPKM $4s J ik 45 2R . %% PPO W 5
5 RrPPO ) RPKM {H#F 17 K IR R AH M 23 B7
(Pearson correlation) , 25 R HTE K F 1 |
W) A8 i #2 oL, PPO W& 5 RrPPOI . RrPPO3

Hl RrPPO5 50 1 35 1 A0 G, HLAH G R B34 7
0.95 Pk I, H RrPPO5 5 PPO i 4 B9 #H & M R
B (RO, B4, RrPPO2 5 PPO E TS &
FHMA K, RrPPO4 5 PPO TG MM E. LU
FEEREW RrPPOI . RrPPO3 1 RrPPO5 & ¥
PR AL A R PPO I PR B,

%4 PPOEMTHE 54 RrPPOs FikKFEIH B R /RIRME LM S

Table 4 Pearson correlation analysis of changes in PPO enzyme activity and expression levels of five RrPPOs

Wi H Items PPO RrPPOI RrPPO2 RrPPO3 RrPPO4 RrPPO5
PPO

RrPPOI 0.954" " -

RrPPO2 —0.754" —0.895" " -

RrPPO3 0.968" " 0.981"" —0.833"" -

RrPPO4 0.302 0.253 0.023 0.339 -

RrPPO5 0.975" " 0.955" " —0.750" 0.9917" 0.417 —

e B0 % 4 R AR d 22 () A7 7 35 A 5@ (P <C0. 05) Rl g 3 #H 56 (P <<0. 01D,

Note: * and * * indicate statistically significant correlations between the two variables at P<C0. 05 and P<C0. 01, respectively.
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Analysis of Mechanism of Enzymatic Browning in Pressed Rose
Petals and Expression of Related Enzyme Genes

ZHOU Xuzixin' s HUANG Zhengtao' ,LIN Wei' ,LIU Qing',
MA Jun® and CHEN Guoju’

(1. Faculty of Humanities and Tourism/College of Quality Education, Yibin Vocational and Technical College, Yibin Sichuan
644000, China; 2. College of Landscape Architecture,Sichuan Agricultural University,Chengdu 571000, China;
3. College of Horticulture, South China Agricultural University, Guangzhou 510640,China)

Abstract To alleviate enzymatic browning in petals of the red rose cultivar ‘Carola’ (Rosa rugosa
‘Carola’) during the flower the pressing process, this study employed physicochemical analysis and
transcriptomic profiling to identify the major polyphenol oxidase (PPO) genes involved. Based on the
analysis of promoter cis-elements,the study also investigated the effects of abscisic acid (ABA) and
methyl jasmonate (MeJA) on enzymatic browning in pressed rose petals. The results showed that:
(1) During the process pressing,the total phenol and total flavonoid contents decreased, while the ac-
tivities of polyphenol oxidase (PPO) ,peroxidase (POD) ,and superoxide dismutase (SOD) significant-
ly increased,indicating pronounced enzymatic browning; (2) Comparative analysis of transcriptomic
and qRT-PCR data showed that the expression levels of RrPPOI1 ,RrPPO3 ,and RrPPO5 were signifi-
cantly upregulated during the flower pressing process. Pearson correlation analysis indicated a signifi-
cant positive correlation between the expression levels of these genes and PPO activity. Promoter anal-
ysis revealed that the major hormone-responsive elements in the promoters of these genes were ABA-
and Me]A-responsive elements; (3) Compared with the control, PPO activity was significantly re-
duced in petals treated with either ABA or Me]JA, with MeJA exhibiting a stronger inhibitory effect.
Additionally , ABA treatment not only suppressed PPO activity but also enhanced the activities and ex-
pression of SOD and catalase (CAT).

Key words Pressed flower art; Rosa rugosa ; Enzymatic browning; Polyphenol oxidase; Transcrip-

tome
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