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Abstract: [ Objective] Aroma is an important trait of fruit quality, constituted by a variety of
compounds including esters, aldehydes, ketones, alcohols, terpenes and volatile phenols, as well
as a range of other aromatics. The compound and content of aroma undergo consistent changes
throughout fruit development, and can be affected by various environmental factors. It has been
demonstrated that sunlight, as a crucial factor influencing fruit development, has a significantly
affect the content and composition of aroma. Bagging is widely practiced in fruit cultivation. Fruit
with bagging tend to exhibit a superior external appearance and neater shapes compared to
non-bagged, which makes them more popular among consumers. However, the practice of
bagging limits the fruit’s exposure to sunlight, which in turn affects the formation of fruit aroma.
In this study, the effects of shading on fruit aroma types and content at different developmental
periods were determined to explore the significance of each period in aroma compounds synthesis,
and identify the optimal timing for bagging. Furthermore, a transcriptome analysis was employed
to explore the molecular mechanisms underlying the impact of shading on aroma synthesis. The
findings of this study will serve as a valuable reference for the refined cultivation of kiwifruit.
[ Methods ] The experimental design spanned from 20 days after anthesis (20 DAA) to 140 DAA,
dividing the maturation process into six periods (periods I to VI) with 20-day intervals. Each
period underwent light exclusion using double-layer black bags (Groups T1 to T6), with T7
representing total shading and CK representing no shading. The fruits were harvested when the
soluble solids content reached 7% and allowed to ripen at room temperature until the soluble
solids content reached 20%. Aroma compounds were then analyzed by headspace solid-phase
microextraction (HS-SPME) and gas chromatography-mass spectrometry (GC-MS). Data were
processed and analyzed using Excel 2016 and SPSS 20.0, and graphs were created using Origin
2021. Samples from T7 and CK fruits were sent for transcriptome sequencing and KEGG and GO
enrichment analysis of DEGs were conducted using the company's platform. [Results] A total of
38 aroma compounds were detected in Hongyang kiwifruits with different treatments, including
15 esters, 11 aldehydes, 8 terpenes, 3 alcohols, and a single other compound. The number of
aroma compounds in each group ranged from 19 to 37, with T6 exhibiting the highest diversity at
37 types. In contrast, T2 and T5 exhibited the lowest diversity, with both groups containing 19
compounds. The highest total aroma content was observed in T4, followed by T2 and T5 among
the groups with shading. The proportions of the major aroma constituents in the Hongyang
kiwifruit remained largely unchanged by the exclusion of sunlight. Ester compounds consistently
accounted for over 90% of the total content in each treatment group, with aldehydes comprising
1% to 7% and terpenes and alcohols each accounting for less than 2%. The ester content was
found to be significantly reduced under shading in all groups with the exception of T4, which
exhibited the highest ester content, followed by T2 and T5. The aldehyde content of T4, TS, and
T6 exhibited no significant difference compared to CK, whereas the other groups displayed a
significantly lower content than CK. The terpene levels in T1 and T2 were not significantly
different from CK, which exhibited no accumulation in the fruit of T4. In contrast, the other
treatment groups displayed significantly higher terpene levels than CK. Furthermore, all groups



except T4, which was bagged, showed an increase in terpene compound diversity, with the highest
variety found in T7, followed by T6. The only treatment group in which the alcohol content was
significantly higher than CK was T6. No accumulation of alcohol was observed in T2 and TS,
while all other treatment groups exhibited lower alcohol levels compared to CK. The results of the
cluster analysis indicated that the aroma composition of T4 was most similar to that of CK. T2 and
T5 were grouped together, while T1 and T3 were placed in a separate cluster. T6 and T7 were
classified into their own distinct categories. The principal component analysis demonstrated that
T6 exhibited the highest overall score, followed by T4, T2, and T5. Transcriptome analysis
identified 1,248 differentially expressed genes, with 788 downregulated and 460 upregulated in T7
compared to CK. 15 genes related to aroma synthesis were selected, with shading resulting in
reduced expression of ethanol dehydrogenases (ADH), alanine aminotransferase (AGXT),
aspartate aminotransferase (GOT) genes in T7 fruit, while increasing the expression of
pyrophosphate decarboxylase (MDV), aldehyde dehydrogenases (ALDH). [ Conclusion 1 The
impact of shading in different developmental periods results in varying degrees of aroma content
and compound constitution, indicating that the synthesis of various aroma components in
Hongyang kiwifruit occurs at disparate optimal periods. The results demonstrate that period VI is
a critical period for ester synthesis; periods I to III are significant for the accumulation of
aldehydes; and period IV is crucial for terpene synthesis. Comprehensive analysis shows that
kiwifruits from T4, TS, and T2 have higher aroma content and demonstrated reduced sensitivity to
shading showing superior aroma quality. Shading suppressed the expression of ADH, AGXT, and
COT1 genes while increasing the expression levels of MVD and ALDH genes, which may
account for the increased content of terpene aroma compounds and the decreased levels of ester,
aldehyde, and alcohol compounds in shading fruit. Thus, period II (40-60 DAA) and periods IV to
V (80-120 DAA) are identified as suitable periods for bigging. Combined with previous research,
it is recommended to begin bagging kiwifruits in the late portion of period I and continue from
period II to period V (40-120DAA). The bagging process should be discontinued upon the
completion of period V to permit the fruits to receive sunlight in a natural manner. These results

can serve as a valuable reference for the precise management of kiwifruit cultivation.
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Fig.1 Aroma content of Hongyang kiwifruit fruits in different treatment groups and the

proportion of each type of constituents
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Fig. 3 Heat map of aroma clustering of Hongyang kiwifruits in different treatment groups
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Table 2 Comparison of fruit aroma of Hongyang kiwifruit in different treatment groups

&Y% Compound

B/ A Content/ (pg-kg!)

T1

T2

T3

T4

T5

T6

T7

CK

lig3% Ester
TR ZHE Ethyl butyrate
TERFEE Methyl butyrate
K HER s Methyl benzoate
TER TS Butyl butyrate
TR 2§ Ethyl Hexanoate
CUZ H'fi§ Methyl hexanoate
Z.FR 2. Ethyl Acetate
B H 8 Methyl propionate
KR I Ethyl benzoate
R EEERHEE (E)-Methyl crotonate
EEE; 205 Ethyl crotonate
FFZ 5 Propyl formate
¥R ZHE Ethyl caprylate
[KR 2.l Ethyl valerate
KPR Tl 2-methylpropylbenzoate
2% Aldehyde
(E)-2-C\J% % (E)-2-Hexenal
C% Hexanal
[ Pentanal
(2)-2-BEJ#% (Z)-2-Heptenal
ZH % Benzaldehyde

1364.44+86.61 ¢

1292.55+109.32 bc 1933.21+£523.29b 1 799.35+159.99 be

734.79+£129.98 cd

188.85+15.65 de

747.34+£129.4 cd

241.24+41.49 cd

8531.52+1334.15a 3 347.1£330.23 be

696.6+73.75 cd

186.45+8.76 de

1 195.65+164.13 ¢

1217.35430.70 ¢

302.54+1.05 be

10 101.83+1169.12a  5232.92+407.07 b
1642.32+161.5 be

1 927.67+322.68 ab 1 305.57+18.56 bc

346.7+22.47 ab

387.26+£37.74 a

1424.23£106.39 ¢ 839.63+40.17 ¢ 8 841.15+881.36 a

524.78+102.17d 386.73£21.89d 2 969.18+542.19 a

431.46+61.74 d 2343.98+813.78 a

157.86+9.18 ¢

183.71£71.80 de

42.85t4.76 ¢ 124.55+17.95d 130.6+8.72 d 235.14+1.51 ¢ 477.27+49.54 a 333.41+43.51b 41.87£1.98 ¢ 242.78+77.90 ¢
44.024+4.08 bed 39.05+6.15 cde 58.3+3.49 abc 35.27+0.73 de 65.4+1.20a 37.92+4.93 cde 20.25+1.41 ¢ 60.24+24.02 ab
36.98+6.17 ¢ 191.04+51.64 be 100.33+3.39 de 346.01+£52.42 a 254.84+30.37b 137.81426.84 cd  45.06+5.07 ¢ 234.08+£19.85b
30.63+6.31 ¢ 32.86+9.76 be 43.5+5.34 be — 45.64+1.47b 30.54+2.57 ¢ 13.6+0.38 d 59.38+10.95 a
21.4243.67d 140.43£22.65 cd 36.96+7.69 d 338.9+26.16 b 257.714£2.53 be 361.83+62.45b 25.81+3.64d  614.86+201.92 a
17.59+1.66 cd 32.07+£5.38 b 34.24+£2.5b 29.1142.37 be 36.18+£1.23 b 26+3.01 ¢ 6.95+0.85 d 69.91+15.74 a
7.94+0.64 d 40.64+7.27 be 25.23+1.84 cd 77.05+5.59 a 32.64+3.17 ¢ 23.8445.22 cd — 60.31+23.95 ab
6.32+0.64 d 11.27£3.14 cd 6.52+0.81d 54.59+0.46 a 26.06+£1.42 b 15.68+6.07 ¢ 15.43+1.02 ¢ 15.13+3.94 ¢
1.79+0.46 ¢ 4.38+0.43 be 8.83+£2.69 b 4.76+0.84 be 17.44£1.1a 15.95+1.49 a 2.60+0.34 ¢ 15.00+4.87 a
1.98+0.14 ¢ 6.03+£0.07 b 4.10+0.16 be 12.48+0.41 a 10.45+£0.43 a 11.07£1.8 a 2.17+£0.26 ¢ 10.27+3.55 a
— — — 3.63+0.03 be 5.23+0.44 b 8.72+2.75a 1.73+0.26 ¢ 4.30+£0.07 b
80.91+6.31 be 118.71£19.6 a 67.34+26.08 ¢ 128.17+6.36 a 127.63£2.69 a 106.8+5.51 ab 67.85£3.59 ¢ 81.79+15.2 be

47.15+£5.41 be 39.53+3.88 ¢ 45.0142.58 be 94.57+8.08 ab 75.02+0.71 be 95.4+7.35 ab 46.37+5.96 be 121.38422.26 a

14.99+1.28 cd 21.8544.35 be 19.55+2.11 be 25.97+4.62 b 27.89+1.78 b 26.63+1.27b 9.6£1.15d 45.67+£7.64 a
4.89+0.70 b 3.93+£0.07 b 5.18+0.04 b 7.36+£0.04 b — 7.2242.21b 3.34+0.09 b 11.61+4.47 a
3.42+0.65b — — 10.24+0.19 a — 5.65+0.09 b 1.95+0.13 b 13.49+545 a



3-CUfE 3-Hexenal
(E,E)-2,4-P Il (E,E)-2,4-Heptadienal
3 CM-1-FE
3-Cyclohexene-1-carboxaldehy
i Heptanal
3% Octanal
(E)-2-:#5l% (E)-2-Octenal
Hi4#%JS Terpene
D-F7#§)# D-Limonen
Fe- L Eucalyptol
i i 4i-4-B2  4-methyl-3-Cyclohexen-1-ol
441642 O-cymene
(2)-B-% )& (Z)-p-ocimene
a-J8)f a-Pinene
B-JE) B-Pinene
a-FAEE a-Terpineol
3 Alcohol
(2)-2- T #fi-1-B% (Z)-2-Buten-1-ol
(E)-2-T-Jfi-1-B¢ (E)-2-Nonen-1-ol
ClF Hexanol
HAth Others

2-FFE TR 2-methyl-Butanoicacid

3.45+0.12d

6.72+0.74 ¢

0.95+0.08 ¢

2.34+0.16 b

1.73+0.39 ¢

13.14+0.13 b

3.47+0.19 a

3.18+0.10 be

5.91+0.02 a

1.45+0.09 b
11.24+1.94 be

2.02£0.10 b

2.1840.07 de

4.37+0.01 be

4.18+0.86 ¢

10.59+0.85 b

21.1+245a

34.85+1.71 a

4.4+0.25b

0.45+0.01

2.79+0.1b
2.41+0.07 a

4.91£1.03 be

4.34+0.19 ¢
8.02+1.54 a
1.51£0.01 b
8.63+0.87 be
2.5+0.54 a
6.49+0.21 b

0.56+0.02 a

3.24+0.1 a

6.04+0.89 b

7.9+22a

9.48+0.2 b

8.67+0.08 b

1.26+£0.01 b

2.09+0.35 ¢

4.82+0.06 b
5.88+0.08 b
2.46+0.27 a

10.86+4.07 be
1.69+£0.21 b
8.68+0.14 a
4.44+0.19

0.29+0.02 b

2.93+0.18 d
2.08+0.17 b

4.8+0.14 a

9.49+3.01 a

12.97+£3.76 b

7.28+0.03 a

18.56+1.55a

E: RPHdEN CREEHARMEE) .

“—7 REREWE. ARNGTFREFEORZERLEE (p<0.05) .

Note: The values were (mean + standard deviation). “— represents not detected. Different small letters indicate significant difference (p<0.05).
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Table 3 Five principal component eigenvectors and contribution rates

FHIr FHIEME P& FRTTERR
Principal component Eigenvalue Contribution Rate% Cumulative proportion%
1 2.714 54.281 54.281
2 1.793 35.866 90.147
3 0.312 6.245 96.392
4 0.156 3.116 99.508
5 0.025 0.492 100.000
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Fig. 4 Overall scores of Hongyang kiwifruits in different treatment groups
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