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Study on the Correlation between Chlorophyll Synthesis Metabolism
and Skin Color Formation in Skin of Tender Fruit
of Zucchini( Cucurbita pepo L.)

LI Keyue, WANG Dandan, LIU Jiangtao, SHEN Qiong, GAI Shaojie, WU Junxin
(College of Horticulture, Shanxi Agricultural University, Taiyuan 030031)

Abstract: In order to explore the excellent germplasm resources of Cucurbita pepo L. and improve the
selection efficiency of tender fruit appearance quality, this study classified the skin color of tender fruit using
colorimeter in 54 self-bred lines of zucchini developed by our unit. Based on seven representative lines
(including four key lines ), the correlation between chlorophyll synthesis metabolism and its skin color formation
was analyzed. The results showed that chlorophyll was the main pigment that determined the skin color such as
partial white, light green, emerald (vivid) green, green and dark green. The chlorophyll a accounted for 49.20%
to 60.58% of the total chlorophyll content, as the main determinant for the deep and light skin color. The emerald
(vivid) green skin with the most vibrant and greenish color had significantly higher chromaticity value (C) than
other skin color, while chlorophyll a/chlorophyll b and the red green value (a”) were significantly higher and
lower respectively than those of partial white, light green, and dark green. The synthesis of chlorophyll in lines
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with dark green, emerald (vivid) green, and partial white maintained two bottlenecks: PBG to Urogen III, and
Coprogen III to Proto-1X. However, the latter transition stage was the main reason in the chlorophyll synthesis
blocked, and sudden decrease of chlorophyll content of partial white and emerald (vivid) green. There was a
significant correlation between chlorophyll synthesis weaken and chlase in chlorophyll metabolism enzyme
activity enhance degradation, superoxide dismutase (SOD) and catalase (CAT) activities weaken, those also
the reason of partial white skin color. SOD and CAT activities in antioxidant enzymes were significantly
correlated with the chlorophyll content of the skin of tender fruit, thereby SOD and CAT delaying the rate of
chlorophyll reduction in emerald (vivid) green and dark green. This study provided theoretical basis and
technical support for in-depth analysis of different skin color of tender fruit especially the color formation
mechanism of emerald (vivid) green, and for the exploration and utilization of relevant excellent and specific
resource materials.
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Table 1 Information of test materials
SRR I.%@ p 3 H2EF& 3‘?%@ P 3 S ;g@, P
Inbred lines Main stem Source Inbred lines Main stem Source Inbred lines Main stem Source
color color color
AL-1 BREk 3065 20KH]1 ek SQ249 Q-19 Rk i
AL-2 Wk 3065 20KH2 ek SQ249 Q-20 Rk i
AL-3 Wk 3065 20KH6 TRERk SQ249 Q-21 ek i
AL-6 sk 3065 20KHI2 TRER SQ249 Q-22 ek i
AL-8 IS 3065 20KH16 sk $Q249 Q-23 IS P
AL-11 ek 3065 20KHI5 TRk SQ249 Q-24 ENES i
AL-17 ek 3065 20KH19 e SQ249 118-1 TRk 1 806
AL-43 ek 3065 20KH21 g SQ249 118-3 REk K1 806
2QC-1 BREk 3065 CCl11 Rex KM-3 GQ-1 TRk NR3
2QC-5 Regk 3065 102C-52 REk KM-2 GQ-2 ek NR3
2QC-6 Rk 3065 102C-78 Rk KM-2 GQ-5 Rk NR3
2QC-8 Rk 3065 20A-636 g FELET042 XG-5 ek AT T
2QC-13 e 3065 20A-642 Rex FELE 7042 XG-810 ek YT T
2QC-32 IS 3065 89D-2 TREk ZE 21X1 NZ FHik
A-40 ENS 3065 YDC-1 ek ZE 11B-99 IS B 369
A-41 ek 3065 YDC-2 e A CX-80 wEk EAGENE105)
123H-6 ek BE35 166B1 sk BE N Xiaobaipi k&t EARE L)
QY-8 bk FEE S Qs-6 ek S16 BT JR B )l wag EARE )
Aerjiliya

Hodrs1 0y A s REE oL FE 400 LUK R 55
B g s ORI R R R P A L1
KA HIRE TN 4B 16 43 P4 Hi = 5 A (—0 4
Fl) 28 5~7 1% B se alifb e e BRI R e L R A 48
Fo 7130 A R NARBALE BN (— A2 Fh)
B —CHIRHE 105 B5EAS
1.2 R HE
121 KHRFHAE  S4 ML 2022 4EFIAE T ILPE 4R
b 2 7 BH 3 56 5 Bk ZE SR KM, SO L AL B,
G- WEE ML 5 BR , BREE 0.6 m, 77HE 0.6 m, % FLAk
B

TR B4y A ARL) :2023 AEFE T L
POV EEAR IR R AT, S0FLCBEA 1 L AL
X, 3RER ,/NXK 3.6 m, 58 1.2 m, FHHEE
120k, BRI 0.6 m, A 7HE0.6 m. F MR B B
122 HUMBEIKER SHEEESEINEL,
T 25 5L B VY 3 7 R 1 — BOB IR S5 1
T IO R £
123 BEMNEHRRER 2022410 H L4 4]

FRAE IR M P = A L 25 S0, 2k 5 8 d il
S4B RHIBUT R £552023 4 6 H 9 28 Al 7 KA v
TR LS S B R T A 7 AR A R
BROTCEZ €8 B/ N RR BERHREAILE 3 4~ 1E 5 K /NPg
HWOR, T4 H N 4-3:30-4:30, R FT e K266
1% CR-10Plus (% 22 {CAE 44> I [l 56 IR T AE 1/3 B3
@IS A o R AR T B I AL AL, 58 47 o
WAL, M L a" b E . B 3 BCEE. FIH
25 2B A JE (B (C, chroma value) | (418 /1 (H,
hue angle) .
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TR SR ; bR B AR, IR (R R 9, 000 R
W (O 5 a' DR FR N C=a"+b"; (i
(H) , A ERFRAFRBIE, 2 a™>0,b>0 1, H=
Degrees [arctan (b'/a") | ; 24 a” <0, b">0 B} , H=180° +
Degrees|arctan(b7a”) ]'",

124 FEBBEZENE 7EH KTk
SEULBH B R 7 dBUREIN R 7 AR MM RN 32
PR T, BN R AR AN BUR ; 23 B FE R
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¥ih56d.7d.8d.9d5#H)57d,4°CIEEK0d.2d,
4.d.6d, BUFEINE 4 (B s ARREM R R AR
it BN PRI AN O . S BRIt e
A I E R T 0.2 em ZE A7 TR YK R,
FRELO.1 g, BTHE, A 5 mL B0, Il A 95% 2.
FEEARE S mL, RS G EE AR TR 24 he W]
H0.2 mL |24 T 96 fLR DL 95% 21 H
25 FU 6B, FHEEERR A SURS  665 nm . 649 nm .470 nm 3
AWK G, B 3R, TR R a it
SEEDEHE MRS,
125 MEZEAMEEYRMNE 7 M
PERPRGE R, FERYIS 7 dIAE 40y AR SRR
RHA 282G BRI BT , B/ INK AR A RHE 3 /i
JNo TR ITE]0.2 em Ze A+ R BE 2 B FRECT g, il
A 9 mL 1xPBS B 513K, B0 J5 s g . 3%
AR YD 5-F FEMN I Z (ALA , §-aminolevulinic acid) .
T4 HH 4 2% )5 (PBG, prophobilinogen ) | #847 JR 1Mk
JEII (Urogen 111, uroporphyrinogen I1T) | A 47) 3 Aok
J5i 1 (Coprogen 111, coproporphyrinogen I11) i ¢ 4
P BT R G (C4e a6 DR A R A BR 2 /D) 7 b
VLB E . FBEAR X AE 450 nm KR 0 E
JE(ODME) , B 3K . LABRUED) AU FE AR AL At
OD H R A AR , 22 il b o Hh 4k, A4 4 L OD B
A AR E 2 T30 A HR AR R BT ng/g. FLH,
HELH) &~ 22 S T 1 T2 IR G328 43 BT A v 1 e B 4 1)
"4 120 ng/L .80 ng/L .40 ng/L .20 ng/L . 10 ng/L, b
M2k AR Ky = 0.0168x-0.1859., Fi 1y JIH (2, 2 )55t il
R A AR EEI v B2 43 1) 2 150 ng/L (100 ng/L,
50 ng/L .25 ng/L.12.5 ng/L, br Uk Ay =
0.0061x-0.0907 A 47 iR 1 b wbte Ji5E TTTREREEG B 82 73 B A
HERDRIHE 4330 60 ng/L .40 ng/L .20 ng/L .10 ng/L
5 ng/L, bR 2R A0 y = 0.023x-0.1649, Hi¥3%
WIS LR 2 A BT e AR 4333124 90 ng/L
60 ng/L .30 ng/L .15 ng/L.7.5 ng/L, brifER £ AR
y=0.0193x-0.1757,

JEL RN BRR IX (Proto 1X) | &£ Ji IR PR IX (Mg-Proto
IX) FlJs 23 K R 15 (Pchlide ) 45942 % Hodgins
201 I R TTH 0.2 em A5 AT EERE 26 1 FRE0.3 g
FE SRR IES | Jin A 80% B PN S %5 10 mL, 7F
10000xg .4 °CF B0 15 min, B F W, 4> BITE DK
575 nm. 590 nm #1 628 nm AL 5 0% 6 Asys Ase
Ags, R 3. HUTNAXITE S &, A ling/g, H
H VSRR AT (mL) , W oA R A ().,

ProtolX 7 & =562x (0.18016A,,~0.04036A —

0.04515A,,)xV/(1000xW )

Mg-Protol X5 5=584x(0.06077 A 4,,—0.01937A -~
0.003423A,,)xV/(1000xW )

Pchlide & £ =611% (0.03563A,,+0.007225A ;,—
0.02955A,5)xV/(1000xW )
1.2.6 MEEMBERXEEHNE 7HKME
F R LG ] B S T A E 40 AR R
AR - 2 2R A s A2 D Bl , 3/ IN DX A7 4 R HRL
3ANHUR . R EZ T 0.2 em 25 45 JEFE A R 22 R
FRECT g, A 9 mL 1xPBS fFBE 5038 , 8.0 e Wtk
V. e R A 4% 2 i (Chlorophyllase ) 477 Bt
B4 T (MDCase, Mg-dechelatase ) I 66 05 43 H7
R & CLeah FE DR AE MR B WD 7 i B 5
WE 6 B RAE 450 nm K I 5E % EE (OD
H), B 3 ARAEYI MR B i A br , OD{E
GAAL AR, 2l bR e, AR BRI OD B i Fr v
AR M R S AE PRI MR S VR R Ulg,
o R A - 2R TR I S5 0 BT B HE ) R B 4
524 120 U/L .80 U/L .40 U/L .20 U/L.10 U/L, by ifE
e A5 hy = 0.012x-0.0582., A My I EEEE A il 1
KA S AT RE (AW B2 5351124 1500 U/L 1000 U/L
500 U/L.250 U/L.125 U/L, br#Efi £ Ay =
0.001x-0.1315,
127 MEERIFFHEIBRNUE  AH MG
PR SRR Bk E 7 dE 4 0y AR A
ALy i AR E AR AR, BN X B0 B B3 A4~
BT, I RZ T8 0.2 om A A7 TR BE B L6 iz, FREL
0.1 g, % B8 48 A 1k W B 1k B (SOD, superoxide
dismutase) . i & L ¥ il (POD, peroxidase) . 1 48 1k
SV (CAT, catalase) 36 PR 57 &5 (b4 ) (1
T4 TAEY) TR A PR |1 ) 7 i 156 BH 0 2
T3, BEEERAL Ulg,
1.3 #HESH

S F Microsoft Excel 2010 F1 SPSS 22.0 %} %4
PEATECFEFNS3HT, Origin 2018 54

2 HER55H

21 AEWREEHEEEMSE

DR PR B 7 5 A [ BT R (g A 3R
PERPRE, 55 BKAE 3R I 4 7 AR R A5, A P
FIBER I 8 d, A 22 A0 54 43 A4 RO B 17 5
L'a" B EME I CE HIE . 54 0 REHIUR
BROBRENSANOR, MAGR RO R AR
(FEROFR LRORMBER AR (E 1),
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Fig. 1 Analysis of color differences in different skin of
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YDC-1 F1166B1 5% ; 32 (5 ) G (4 R AL & 8 (M4 %}, i
AL-11.Q-22,Q-23.Q-24 ,CC11 1 89D-2 4 ; & 1 R
£3, 7 8 3 K RE, 4 AL-43,2QC-1,2QC-8.2QC-32,
GQ-5F1123H-6 45 IR A R AT 1008, Al A-41
Q-19.20KH6, 20KH12, 20KH15,21X1,YDC-2 % .
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MR R G ) S RSO R /N T 2 RS O R A
L0 /N 4] B OREE O ] A R 2R i
i 118 R /N R ERER (0 R 1 XG-5, 32 () &t (0
Z 11 89D-2 AL-11.Q-23, & {0 2 1Y 123H-6, IR 43 (5,
F B 20KH6 1 1 Je S2AH A 5T 1 7 AR AL KL
ML () S i) CEM a (5 B{E A hr e, 8
AL-11.Q-23 20KH6 /N KA 4 403 8 s ARV
BRI THE— 5T .
22 EAMRERMMREGEENTEGESENH

RO ARG H P A K A e Rk S 7 dll
E /N B XG-5, 89D-2, AL-11, Q-23. 123H-6,
20KH6 3 7 T B HBUR Rz ) 22 (5 T 2268

SRIER KL a" b" . C H A a3 — 3,
(77 ) S (L U R AR DX 31t 1 £ TR S
TRERCIBUR R MR, 22 () Sk (B U B2 M RHE) oM
BN A R TR T R AR, N
LRI R FERE, BT PR 4% ; C 1 B3Rk T
[EREES SRS SERRINS SERC IS p SO NI
PR (32 2)

Table 2 Analysis of color differences in skin of tender fruit of 7 representative materials

HZEH O R 5, WIS 44E W H FREE (SR
Inbred lines Skin color of tender fruit L a* b* C H
/INFLJZ Xiaobaipi it 1 €8 77.65+0.21a  -4.62+0.58a  24.32+0.75d  24.76+0.84d  100.70+1.02f
XG-5 TRERE 69.89+0.75b  —7.15£0.25b  30.53+0.21c  31.36+0.26c  103.19+0.38¢
89D-2 ROH ) 62.43+031c  -10.35£0.32c  36.26+0.28b  37.71+0.31b  105.93+0.44d
AL-11 BF )@ 57.92+1.16d  -11.54+0.37d  39.29+0.98a  40.96+0.93a  106.39+0.68d
Q-23 ROH ) &E 52.1440.41e  —12.48+£0.12d  34.48+0.76b  36.67+0.75b  109.90+0.26¢
123H-6 g 46.03+0.34f  -9.57+0.15c  22.80+0.67d  24.73+0.67d  112.78+0.32b
20KH6 ek, 33.93+0.38g  -4.92£034a  9.76:0.38¢  10.94£0.46e  116.68+0.12a

[R]—F BN R s 22 57 483 (P<0.05) , T[]

The different letters in the same column indicate the difference is significant(P<0.05) , the same as below

HIZR 3 Al AL, B 16 S sk b R Z [ 51, #%
F3Je 7 dANTR] (5 ZR BT B2 I 3R 2 R B R
HA W EVEZE S o WU 008 & 2 Bl 2 iR

T3 I, At 1 C BT R bR AR, 2 72.18 pg/g, TREA
F (RGO B A B 7, O 218711 ng/g,
FHZE30.3 4%, A% (77 ) SR C BT B A 25 K T Mg
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SRR IR 5 SER YN R ST E Y N s SR IRAS S
WOR R ML, Mh4g K a £ b KIS PRI &
5 WU R 0 R A8 Ak 34— 350, Horp fi 3 €6 %) 75
R RGN GRS, MaREa T EHAE
1 49.209%~60.58% , JE-5 M )G 25 5 1) B &K .
®3 THREEMBMIETIERESENE

FRCH ) SR U B2 R 4% 3R o/ 2 3R b 7E 2,36~
2.50 Z [, 2 KT 0w 1 0 R AR TRER (IO B
PR, KT 20 G MUR B bRE, AR (75 ) SR IUR
BB 2R3 afE TR, B4R (.

Table 3 Measurement of main pigment content in the skin of tender fruit of 7 representative materials

45 £ 7% 1 (pg/g) Chlorophyll content A v 52 o/
EEnEN 425 a + 425D (ng/g) TS ) B (pglg)
Inbred lines MR a e Chlorophyll a+ Carotenoid Chlorophyll a / Total content
Chlorophyll a Chlorophyll b Chlorophyll b content Chlorophyll b
/N1 Xiaobaipi 35.51+1.11e 21.59+1.12fF 57.11=0.11¢ 15.07+1.61¢ 1.66+0.13cd 72.18+1.56¢
XG-5 69.60+4.30¢ 45.71+£3.19¢ 115.31+7.24¢ 22.08+1.50¢ 1.5340.05d 137.39+8.19¢
89D-2 156.82+6.49d 66.53+4.01de 223.34+10.42d 46.02+1.45d 2.36+0.05ab 269.36+11.58d
AL-11 191.31£16.47d 76.68+7.09d 267.98+23.56d 54.85+4.22d 2.50+0.02a 322.83+£27.78d
Q-23 338.53+11.31¢ 137.08+2.49¢ 475.61+£13.55¢ 83.18+4.47¢ 2.47+0.05a 558.80£17.61c
123H-6 463.94+20.97b  212.37+8.69b 676.31+29.65b 123.39+5.21b 2.18+0.10b 799.70+34.84b
20KH6 1185.77+15.39a  643.54+13.07a 1829.32+28.46a 357.79+7.97a 1.8440.01c 2187.11+35.62a

PGB SR, 22 S P e R A
FAAMXM:, L0 CIH 5 M2 a tH X RE 0
-0.896,-0.777 .—0.750 , 4 52 M B H A G . HIES
M2 a i R ECH 0.894, B E M, 45
P, (22 (H STk 3 A AR LE E P P U
B
23 EAREEMBAREE R 8K E

BT

DA €708 1R R R €6, 20K H6 IR B2 A4
VE RN B, 2 0 20 () 6 BRUTC R A1 BE AL-11.Q-23
J EEFALR, e R 6 d.7d.8d.9 dA
() TN Bz & 8 B B0 BT B €8, DA R TR R
o W 2 0T, BN G R — & R R AR
N eE 2R RE 3T, 56 )G 6 diH, %2

~ s - »
UN=13
Xiaobaipi

AL-11 ' ' . ‘
5d 6d 7d 8d

B2 4MERKRREMHARLZENEHTEREL

Fig.2 Changes of skin color of tender fruit of 4 key representative materials in different development stages
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M5 3285 9 d 20KH6 WU Bz AR 2R 1 B 75 a4
1 125.97% , 2% 2 a & K 119.01%, 7 683
s B E 9 d AL-11 BUTCRE AR 68,22 1 0 5 i PR AIG
19.98% , M2 25 a % f B AIK 19.319%, H 7 (0w i A0
X MG 9 d Q-23 MUK KA BHA R A B B i K
73.12% , M4 % a S K 72.40% , H Bz (6 A [0 I
iR AR RUIEMEFN R (RO R A
W5 kIR O O R B AR A T 2 5
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