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Identification of the Key Genes for the Carotenoids
Degradation in Tomatoes
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Abstract: Carotenoids derived volatiles are important aromatic substances of tomato fruits, which are very
important for tomato flavor. The metabolism of carotenoids derived volatiles are complex. In order to se-
lect the key genes regulating the synthesis of carotenoids derived volatiles, we used tomato inbred line
T14001 with the weakest aroma and CI1005 with the strongest aroma as materials from 90 inbred lines in
this study. The expression of the carotenoids cleavage dioxygenase genes (SICCDs) were analyzed in dif-
ferent tissues and fruits at different development stages by real-time quantitative PCR technique. The con-
tents of carotenoids were tested in fruits by high performance liquid chromatography at different ripening
stages. The volatiles contents of tomato fruits were tested by headspace solid phase microextraction-gas
chromatography-mass spectrometry technology at different ripening stages. It was found that the Si-

CCDIA and SICCDIB genes had the highest expression levels in tomato fruits, and the expression levels
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increased significantly with the fruit ripening. The contents of carotenoids and their derived volatiles also

increased significantly. There was a significantly positively correlation among the expression levels of Si-
CCDIA and SICCDI1B genes with the contents of carotenoids and their derived volatiles. It was speculated
that SICCDI1A and SICCDI1B genes would be the key genes to cleavage carotenoids to synthesis volatiles.

Key words: tomato; carotenoids; carotenoid cleavage dioxygenase; nonisoprene; volatiles
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BRIITREEMRAEMIEFRN TomLoxC FEH A
HARMIETAY N ERINRE™ . SICCDs J&: 24 i 2
TR N FA SN 5 R IF AR b R
BT SICCDs 3 A Z AL FE 7 4> B 5L, 4 il &
SICCDIA ., SICCDIB , SICCD4A ., SICCD4B . Si-
CCD7.SICCD8 #1 SICCD -like™", SICCDs 3 A
Z a5 TRAE FPLER AR SRR VE 2 . AT LIS
FEIR Y TI14001 FIFSIMRABM C11005 T F F H 5
ZNMEE GBS T SICCDs N ik 53 b
F AT AR R w A S v 4 ik s SE-
CCDIA FISICCDI1B 3 A J& 24 fft 25 d 85 b 2 = 2k
PR W) DR SE A LTI o B2 T AR R 5% 3 b 2R S XL
IR i S5 29 HIE A
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1.1 R
BIF 5 LU 22 53¢ . 3 1 36 0 7 A S8 &R T14001

FCI1005 A4k, Bk A 76 JE AR ARBE R 25 3 i A=
YWHEHARS BN R BB, TI4001 4¢3 8 KR
Tl SRR Y SRR RS R AT AR
Y, &/ AFEIR, CII005 N 2L AP BE 3 i, B 45 &Y
b R RS R AR R Y
SRR 2022 4F 1 H 25 HTEER TR IEE AR
MR B A E TR RN .3 H 20 HOE M TE R FEAE
BA RGP HOGIR % S A7 H ) AL L, BOGE
HES =R AE e L AE R ZE I EE L Al R R
W% o 30 OB S0 R B R s R SE-
CCDs H:A Rk &M &, [FIF, 2% 2000 5% 400 6y
DU R I TR bR LHAT R LY
TEE,
1.2 REHE
1.2.1 SIccDs ERFRMHERIE

7 NCBI K 4 Chttps://www. ncbi. nlm. nih,
gov/) T # SICCDs F:H AT IR 751 . M 4 52 1 7€
5 RN, K A Primer primer 5. 0 3{F% 1t
SICCDs JEHE SRR 519 (F 1) SlActin 1R
WS I LR Trizol 242 BUF A B RNAY . H
Evo M-MLV [z # 5357 & I (Accurate Biotech-
nology Co. » Ltd, B30 S5 FE 4 DNA KBk,
%% Bt cDNA, i NanoDrop # B2 ¥ J& I & X
(ThermoFisher Scientific Co. , Ltd,Z3ED M cD-
NA ¥ B, % B 100 ng/mL. I EdR 509

cDNA F#H, HH SYBR® Green Pro Taq HS il
H qPCR X #F] & 7 QuantStudio 5 (Life Technolo-
gies Co. , Ltd, £ E) L i#kf7 qRT-PCR &, I

K Z K 20 pL,HH 2XSYBR® Green Pro Taq HS
Premix 10 pL.cDNA 200 ng. iF [6 F1 52 [ 5] 9 4%
0.2 pmol/L,ROX Reference Dye 0. 4 pmol/L, H
RAase free water #8355 £ 20 wl, JRE g4 R 95 C
FiAEME 180 5,95 “CAEME 10 5,60 ‘CE M 60 s, 28
M 40 MPERRTT . BEARES R E 3 AR

AA

FH R 2 7 M SICCDs A B M %
ra,
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Table 1 The primers used in this experiment
51 4 Fr R hBR T, M
Primer name Primer sequence (5'—>3") Length/bp T, value/C
SlActin-F GTGCGAGTGTCCTGTCTGTT 55.00
SlActin-R CCAAGGGATGGTGTAGCCAG 2 60. 00
SICCD1A-F TGGTTCGGAGGCTGTATTTG 57.89
SICCD1A-R CTCACAGTTTGGCTTGTTCTTG 2 58. 30
SICCD1B-F GGATCAACGAGAACTACACTGG 58.49
SICCD1B-R CCTCTTCACATTCAGTCCCAG o 58.02
SICCD4A-F GTATCGATCGCGGAAGTTGAT 58. 34
SICCD4A-R CGTAGCCATCGTCTTCGTTAG 0 58.63
SICCD4B-F GCCCGATACCTCCGTTTATAAC 58.68
SICCD4B-R CCACCTCATTTCCGACTCATC 220 58. 44
SICCD7-F GATCCATACCATCCGATTTCCC 58. 39
SICCD7-R AACCTCCACTTTCCACTCAC 720 57.36
SICCD8-F CCCAACACCCTCACCAAGATT 60. 20
SICCD8-R GTCTTGGATGTGGGGTGATACTA o 59.29
SICCD -like-F GAGTATCATATGTTGGCAGAGGG 58.43
SICCD -like-R TGTGATTGTGGTAATAGGGTGTG 19 58.42
SICCD1A-F ATGGGGAGAAAAGAAGATGATGGA 57.25
SICCD1A-R TCACAGTTTGGCTTGTTCTTGAAT Lo 58.63
SICCD1B-F ATGGGGATGAATGAAGAAGATGGA 59.02
SICCD1B-R TCACATTTTGGCTTGCTCCTGAA Lo 58. 04

1.2.2 RIEPEF NZMNELZYIENTE

FMAEL 4 ADAF ALY MRS R
LC-2010A HT @20 AH 35 (H A & bk X &4
K=t . B YMC Carotenoid (Cy,) A 3% 41 (YMC
EEANA L, KEXHNKERN 250 mmX 4.6 mm 1. D. ,
BURMBURLAR 5 pom) XF2EEA 8 N R AT 50 8, 3 i
LI B-IHE N ER R R OK R AR A
e i), A0 0 ol 2

FHE N (G ZO PRSI SE [ i
AR BRAE L B RS 4 AN AS TR LA K
Y kR B IR S IR
1.2.3 B SICCDIA #1SICCDIB HE =&

MG Primer primer 5. 0 {4} % i} SICCDIA
M SICCDIB 3 CDS &K 514 (k DY, RH
Trizol PEHEELR S 8 RNA, FI 55 4R K £ (Taka-
ra) 4 i cDNA™?) | PCR ¥ #% SICCDIA H Si-
CCDIB #:H CDS K ¥ 0 1 638 bp, NAKR A
50 pL, Horh 2 X @R L 25 pL, cDNA 400 ng, IE
B A E 5 H4 0.5 pmol/L, i RAase free water
#FFZE 50 pL, PCR [ 4 1F:98 CHlAEPE 58 s,

98 ‘CAE M 10 5,58 CiR A 55,72 CIEAf 30 5,35 4
PEHR, 72 CLGEM 300 s, 4 CHEAEYY, 1% B
JE A JE F DK R U K B A 1 AR I R e FH e [
W) & CRARZA /D #E 47 B, SR 5 26 248 TR IR A
A CR ST
1.3 S

F Office 2019 {4 4b BRECHE . FH SPSS 22. 0 4k
B K& J5 22 0 87 T 9 Duncan (D) £ 56 43 #r 2 48
Z 8] 2% 5 A Origin 2019 3R4E/EE
2 R4
2.1 SICCDs ERHEFRiL4HMH
2.1.1 ALRFRFHH

Fh 7 A~ SICCDs HE PR i 24 SUR X 334 £ 40 1]
1 iR, SICCDIA F1 SICCDIB £ CI1005 1 T14001
Fomi R oL b AN R GA B e T H A 4, Si-
CCD4A 78 2 AT AL M b ik & b & & T HAb 4
41,SICCD7 M SICCD8 TE AR 3R ik i b 3 & T 3L
flhgH 21, CI1005 "7, SICCD4B FE ] 2F b 3 35 B )%
B3 T A2 2, A A8 A RN S D SR S b Rk
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Expression of SICCDs gene among different tissues and ripening stages of tomato
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I B 28 7 2 AU R A DU 1) o 300 ) 21 A I
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), 5 40 30 Ry 2R 2T B & il 0. 76,
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0] T 20 R LT O, e I R, O 0. 20
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Fig. 2 The contents of carotenoids in tomato fruits at different ripening stages

2.2.2 KHAFPMRTEERVIE

M AR TN R S TR S R AT A K
K3 fron. CI1005 R b R A7 A 4 A W & i
H i B AR UK A 6- Y -5 P I -2 | 75 I 5k 9 I
Fr AR A 6- PP -5 BRI -2- T 22 B 2 2R S0 LR £k

Fhi 20 B B s, 43 oA 179,15, 77, 54, 33. 09,
6.35 pg/kg, TI4001 o, ORI 3] 6-HT -5 B 4
2~ FN A LN R L e S i HOAT 7. 70, 3. 64 pg/
kg, H7E R AN [F] B2 22 S Y A W 3, W 2R
B NEAEEEY RN IR,
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The contents of carotenoids derived volatiles in tomato fruits at different ripening stages

F2 SICCDs EASEXPE NEREMAEELZ M Z ANMEXLNE

Table 2 The correlation between the carotenoids, their derived volatiles and SICCDs genes

MW E FokEE FriEmE (2)-3,  6-WIHE-5-Pedi-2-l 6~ 565 Bedds-2-

A I 5L 7
(E)-6,10-dimethyl-5,
9-undecadien-2-one

6-methyl-5-
hepten-2-one

6-methyl-5-
hepten-2-ol

7-dimethyl-2,
6-octadienal

L7 FMLLE B

Metric Lycopene  B-carotene Zeaxanthin
P (2)-3,7-dimethyl-2, 6-octadienal 0.975 " 0.901 " —0.218
6- B Jk-5- P M- 2-B% 6-methyl-5-hepten-2-ol 0.956 " 0.854" —0.307
6-H1 H£-5- P 4i-2-) 6-methyl-5-hepten-2-one 0.986 " 0.844°" —0.247
(E)-6, l()fdimeﬁ\l;ft?.zﬁ*?Edecadien*}one 0.992" 0.840 —0.280
SICCD1A 0.915" 0.866" —0.021
SICCD1B 0.957 " 0.926" —0.228
SICCD4A 0. 895 0.589 —0.178
SICCD4B —0.323 —0.395 0.314
SICCD7 0.193 0.234 0.019
SICCD8 0.291 0.509 —0.089

SICCD -like 0.052 0.332 0.737"

1.000 0.973" 0.992" 0.991"
0.973" 1.000 0.971™ 0.970 "
0.992" 0.9717 1.000 0.998""
0.991 0.970 " 0.998 " 1.000
0.957" 0.904 0.9577 0.9447
0.996" 0.972" 0.983" 0.981"
0.835 0.892" 0.863" 0.864"
—0.367 —0.214 —0.369 —0.378
0.226 0.299 0.242 0.227
0.371 0.332 0.294 0.308
0.122 0.005 0.050 0.036

o R WFE ML (P<T0.05) 5 % x R FHAHIE(P<0.0D),

Note: * indicates significant correlation (P < 0.05); ** indicates very significant correlation (P<20.01).

SICCDIA ,SICCDIB 1 SICCD4A 5 % jifi 41
FBE MR 6-H H-5-Pf-2-F A 0 SE N R A
TG T 6~ FFY k-5 B - 2- Tt 22 ) 3549 S A0 b 3 1E A G
SICCDIA MISICCDIB it 5 B-#H % b &2 2k I 3%

TEA G, SICCD ~like AN 5 5 K 8 R W 3 IEAH G,
HAth SICCDs B2 R B R 5RE N FE LIHATEHS
KW Z B A O PEA 2, Ui W SICCDIA i Si-
CCDIB 22 # TR LA N R EHEEY
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