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Effect of 1- MCP treatment on chlorophyll degradation in postharvest

‘Granny Smith’ apple fruit

TIAN Xueting, WU Hanxiao, WANG Lei, TIAN Xiaoning, LI Rui, QI Yingwei, REN Xiaolin®
(College of Horticulture, Northwest Agriculture and Forestry University, Yangling 712100, Shaanxi, China)

Abstract: [Objective]l The effect of 1-methylcyclopropene (1-MCP) on the post-harvest chlorophyll
degradation and metabolism was studied in ‘Granny Smith’ apple fruit in order to provide new under-
standing for improved post-harvest storage and green preservation techniques. [Methods]The ‘Granny
Smith” apple used in the experiment were picked from the Haisheng Apple Co., Ltd., (Qianyang, Baoji,
China) during commercial harvesting period. 400 health fruit with even size and maturity and no me-
chanical damage were selected. Half of the fruit were fumigated with 1 uL-L" 1-MCP at room tempera-
ture for 24 hours, and the remaining half were air-sealed as the control group (CK). After treatment, the
fruit were packed in PE bags with 40 fruit per bag and stored at room temperature (202 C), with a rel-
ative humidity of 80%-90%. Physiological parameters such as fruit color, ethylene production, and re-
spiratory intensity were regularly measured, and qualitative and quantitative analyses of chlorophylls
and their degradation metabolites in the peel were performed using high-performance liquid chromatog-
raphy (HPLC). Real-time fluorescence quantitative PCR was used to detect expression of key genes in-
volved in chlorophyll degradation. [Results] The results showed that with the prolonged storage time,
the color of ‘Granny Smith’ apple peel became yellow, and the color values L" and 4° changed signifi-

cantly. The magnitude of change in the color value was significantly reduced. 1-MCP treatment delayed

Wk H 91 :2019-12-20 52 H 1:2020-02-26

AT H  [HRER AR R(CARS-27)

YEF WA S5, Lo, i, AF 7807 o T 207 0 oR i AR B s AR . Tel: 13279592527 , E-mail : mzbatxt@nwafu.edu.cn
*JW{F £ Author for correspondence. Tel: 13659203327, E-mail : renxl@nwsuaf.edu.cn



%5 P45, 5. 1-MCP ARFE SR S5 TN 3 7 3 JLIH- S5 3 R At 1R 52 735

the occurrence of ethylene peak in ‘Granny Smith” fruit and inhibited ethylene production and respira-
tion intensity. The CK group showed an ethylene peak at 60 days and the ethylene production rate was
25.9 uL-kg'-h"', while the 1-MCP treatment group showed an ethylene peak at 70 days, and the ethyl-
ene production rate was 22.1 uL-kg'-h"'. Fruit respiration intensity gradually increased in the late stor-
age period. The peak of respiration occurred at 70 days in both groups. The maximum respiration inten-
sity in the control and the treatment was 15.1 mg-kg"'-h™ and 10.6 mg-kg'-h", respectively. The respi-
ratory intensity of the CK group was significantly higher than that of the 1-MCP group. HPLC results
showed that after 1-MCP treatment, chlorophyll a and chlorophyll b decreased slowly, and their con-
tents were significantly higher than in the CK group. The accumulation levels of pheophytin a and
pheophorbide a after 1-MCP treatment were lower than those in the CK group, indicating that 1-MCP
was effective to delay the chlorophyll degradation by inhibiting the further generation of pheophytin a
and pheophorbide a. qRT-PCR analysis showed that 1-MCP treatment inhibited the expression of relat-
ed genes in chlorophyll degradation pathway, especially MdPAO and MdRCCR, which regulate the deg-
radation of pheophytin a and pheophorbide a, respectively, in ‘Granny Smith’. It shows that 1-MCP
regulates chlorophyll degradation and metabolism during peel yellowing by delaying gene expression
and accumulation of metabolites downstream of chlorophyll degradation pathway. In the fruit of CK
group, MdNYC1 was significantly positively correlated; the L value was significantly negatively corre-
lated; and the 4° value was extremely significantly positively correlated with the content of chlorophyll
a and pheophorbide a. Expression of MdSGR was significantly positively correlated with L" value and
significantly negatively correlated with chlorophyll b content. In the fruit of 1-MCP treatment group,
the expression of MdPAO was significantly negatively correlated with the L value, and chlorophyll a,
chlorophyll b, and pheophorbide a were extremely significantly positively correlated. The expression
levels of MANYC1, MdPAO, and MdRCCR were negatively correlated with L” values and positively cor-
related with h value. MdPPH, MdSGR, and MdAHCAR expression levels were positively correlated with
L’ value and negatively correlated with #° value. [Conclusion] Under normal temperature storage, 1-
MCP treatment can delay the occurrence of ethylene and respiration peaks in ‘Granny Smith’ apple
fruit, reduce ethylene release and respiration intensity, and plays a role in delaying fruit senescence.
When the L" value is higher than 75 or h value lower than 112°, the peel will enter a significant yellow-
ing period, and 1-MCP treatment significantly inhibits the coloration process in the peel. 1-MCP treat-
ment inhibited the expression of genes MdPAO and MdRCCR, which regulate the degradation of
pheophorbide a and chlorophyll a, delay the expression of genes downstream of the chlorophyll degra-
dation pathway and the accumulation of its metabolites, and reduced the production of pheophytin a and
pheophorbide a. Therefore, 1-MCP is effective in regulating chlorophyll degradation and metabolism
during the yellowing of the peel. The genes MdNYCI, MdPPH, MdPAO, and MdSGR are significantly
correlated with the peel color of ‘Granny Smith’ apple. MdPAO in the 1-MCP treatment group showed
a strong positive correlation with chlorophyll content and is likely a key gene regulating chlorophyll
degradation.
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Table 1 Primer sequences of chlorophyll degradation-related genes for real-time fluorescence quantitative PCR
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Fig. 1 Effect of 1-MCP treatment on pericarp color change in ‘Granny Smith’ apple during storage
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Fig. 3 Changes in ethylene production and respiration rates during storage of ‘ Granny Smith’ fruit

2.3 1-MCPRIEST BN EHE RIMFREREK
iy oA

WK 4 fros, 43R a FIrFSRER b & B AR
EFE R T PG, 1-MCP AR B 5 k2% N 75 37 IR
Fe G R AR, 60 d I 1-MCP AbFRH M4 ab &
BEZETXRA(p <0.05) . [ 5
I, BRI 2R 3R a 75 K FRg i A 28, nT A N R it
— A AR 4R a. 1-MCP b3 RT3 5
S, BB AELE T B AR 2 a AOAR BN B A
2 a AR (p < 0.05). KL 1-MCP 38 it $ i i
L3 ab MR S LA = (0 A SR AE 27 2R R
FeefigR » AT S0 SR B B A R R
2.4 1-MCP & I23d BN E R R R PEEE
KEFERIAERF

R 1-MCP 5 %} & b 20 < 1 75 3 7 R sk
FE I 18] () 28 BRAR AR AN SR B2 S R & 1B

0.20.40.60.70.80 F1 100 d 7 4B B (44 K3k 47
I 23 2% P At A OC 2k (R 3R 08 & 49 M, 43 il i 9 SO
S2.S4.86.S7.S8 f S10. qRT-PCR %% % /R (|
5), MdASGR H! MdPPH 3 [K 3% 15 18 76 %o {4 41 IR 51
RIS BT E NGBS 1E 60 d N RiE &
% & > 1-MCP 4 PR J5 MdSGR 1l MdPPH %: A1 () #H
W RIB KB ER T RA . XA MdNYCI
S IR 2k B ek iy AR A s/, 76 S8 B JE 3R IA
& N, 1-MCP Ab B2 R 52 MdNYCI 1E S7
I 2R 0A & i 3 T B AL B . RN 3 RS
WA T MdPAO K& [RIAR X Rk =, BEE
T [0 338 Jim ot R 2 SR 5 MdPAO 3Rk 235387 N BE
1M 1-MCP &b #E2H MdPAO FKiE/KFH S2 J&,Rik
BEFEMTHEA QP <005 . W4 E S
MARCCR J: R KL BRI N EFE T RHERE
e, H 1-MCP b #  E 1] T MdRCCR #: A 1)



X

iy
W
N
&0

FH S5 15, 45 . 1-MCP AL HEX %

11 ‘IR dll

[ E

CE2

SIS 2R R 152 739

w(H-4E 2 a)Chlorophyll a/(mg - g")

0
00345 ¢
0.032

aa

w8443 a)Pheophytin a/(mg- g

10 20 30 40 50 60 70 80 90 100
JE7 5] 7] Time of storage/d
a
s aa @ a OCK m1-MCP
a 4 ma b
a b b
b ad L@

10

20 30 40
JE58% 18] Time of storage/d
El4 1-MCPAIEX HNEE RICEIEPREMERRS

Fig. 4 Effects of 1-MCP treatment on chlorophyll content in the peel of ‘Granny Smith’ fruit during storage
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Table 2 Correlations between the expression of chlorophyll degradation related genes and

physiological indexes in ‘Granny Smith’ apple
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Gene Treatment Chlorophyll a Chlorophyll b Pheophytin a Pheophorbide a
MdANYC1 XHE CK -0.847 * 0.881 ** 0.832 * 0.667 0.590 0.814 *

1-MCP -0.127 0.145 0.253 0.483 -0.560 0.532
MdPPH xR CK 0.4 -0.392 -0.358 -0.518 0.371 -0.172

1-MCP 0.694 -0.785 * -0.545 -0.311 -0.428 -0.377
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1-MCP 0.40 -0.306 -0.208 -0.025 -0.155 -0.066
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Note: * and ** indicate significant levels of 0.05 and 0.01, respectively.
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