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Abstract

We studied the effect of exogenous ethylene application on fruit ripening and its related gene
expression in kiwifruit (Actinidia chinensis) ‘Goldone’ and ‘Jecy Gold’ grown in Korea. The
fruit ripening characteristics that were affected by exogenous ethylene were evaluated to
implement the best post-harvest management practices for these two cultivars. Exogenous
ethylene was applied in three different concentrations, and gene expression related to cell wall
degradation, ethylene biosynthesis, and fruit quality changes were examined. The kiwiftuits treated
with exogenous ethylene ripened very fast compared to non-treated kiwifruits. A. chinensis ‘Jecy Gold’
was relatively insensitive to exogenous ethylene treatment when compared to 4. chinensis ‘Goldone’.
Exogenous ethylene accelerated ethylene biosynthesis and signaling pathways through changes in the
expression of ACO and ERF5 genes. Furthermore, PGC and EXP2 gene expression was affected by
exogenous ethylene application, suggesting changes in cell wall degradation in response to ethylene
signaling. Relatively high gene expression was identified in kiwiftuits treated with exogenous ethylene
compared to untreated kiwifruits. The distinct expression differences of the four genes, ACO, ERFS,
PGC, and EXP2 were recorded in A. chinensis ‘Goldone’ by the concentration of exogenous ethylene
and days after treatment.
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g2 AEST 22 F stz WL, Hhh 59 38353 7 9] 34 Y- Z 718 tHJohnson et al., 1997; Prasanna
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AE= 10709 TS tiAO 2 2em FA R FhH-S e & F = A(RHEO TEX SD-700, Sun Scientific Inc., Japan) &
o]-§5}o] 8mm Tl"é probe = Z10] 3mm= ¥523], 74 13]5 575101 Z|tfol5-2 Newton(N) gL & 2Hilsto] 71631
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(GC 6890, Agilent Technologies, USA)E ©]-8-5}49 oven 100°C, injection 150°C, detector 150°CE A5} =253t
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Iajo|n] 3 B FAAAAMRES BA
Aol A -FE2] A71A %%NCBI LIALO] E(https://www.ncbi.nlm.nih.gov/) & 0]-85}o] el Eold =
2o O] A|2-2 Primer3Plus YATO] E(http://primer3plus.com)E ¢85} tHUntergasser et al., 2012). A& mRNA 42 &
g7 918t WF- 22 A= actin ] -H4 A7 o851 o H, Ao ARSH A7 B Zeto|n] Y H - Table 1]
A5t PCR 42 EnzynomicAte] TOPsimple™ DryMIX-nTaq(10mM dNTP, Taq DNA 53%H84, SmM MgCl,,
10xPCR £+5-8H 3Zh ik A2 Zeto]mE ARG ZF cDNAE 59 .2 o]-8-51e] HAIGHITE. PCR HESA(E-20uL)]l
= AN cDNA U1 L)} 10pmole] AHFaF o ojuyar mato|mj(2}0.5uL), 2]l 33} ZR2(18uL) S EFAA
t}. PCR £Z-2 94°C 55-& 7| A| 2 94°C 30% denaturation, 60°C 302 annealing, 72°C 45% extension2] Z71.0 2 30 cycle
HEESIAY, HEAFES 1.2~1.5% agarose gel oA A7| 950 2 Eols13tt.

Table 1. The primer sequences and gene information used in this study

Gene . PCR product GenBank .
Primer sequence (5°-3) . Annotation
name (bp) accession No.
Forward GGCAGTGCTTCTGGTTTAGT
PGC 200 AF152756.1  Actinidia chinensis polygalacturonase C

Reverse CACCACAGGCTCAAGCAAAT

Forward AAGTTACAATGTGGCGCCTG .
EXP2 200 DQ915940.1  Actinidia deliciosa expansin 2
Reverse ACCTCTGCTTTAGAAGGCCA

Forward ATGCTGTCATGTATCCGGCA
ACO 182 JQ062390.1  Actinidia deliciosa ACC oxidase
Reverse AATTGGACCCAAGTTAGCGG

Forward TGTTATGGACACGGTGGACA
ERFS 200 JQ062390.1  Actinidia deliciosa ethylene response factor 5
Reverse ACGCCATCATCCTTACAGACA

Forward TGGGTACATGAATTGGAGGGA
ACTI 189 EF063572.1  Actinidia deliciosa actin 1
Reverse TCCAAGAAAAGGGACCCTTGA

2
Q'Y of &l Z{2|of| (2 ‘SEA D} HAZE 7|9 ZRE| BUFH Hal

oY o gl A e]of mhg < ZT Wy ANEE 0] 7R 1 E S AR ot oA ol A vl FA 2
VA of| vl o w2 | Hls 0 M, A2 BTt 2 vl B wiE HekE Btk Fig. 1), ‘EEW ) 7HAd 1= ot
=8 4 10.3°Brixl| A Fof 16.0°Brix7}A] Z715F41, ‘AAEE = 9.0°Brixl| A o 14.0°Brix7}A] Z7151%9 2. H(Fig.
1A, 1B), ‘AXEZE oA 7F8A T8 SefeAdofd o 2 WUttt =8 ] IHA o] AF 31k T T 0] 2.1%2 “A|A|
=L 9] 1.8%H Tt =3Ot I o] 2] wheh ST v oA WEA Haste] A2 & 120l e W2 Ik
HAKFig. 1C, 1D). ‘ZE O] 4F Sk o)A o[ gl A2 ypAof A F4j2] I Bt w2 A 7H4619. 0w, £5] 100pL-L
A2 P2 A 2] 9 o] 7HA] o] F2 A4 (1%) ootz W2 A] ATt HEH AXZE v oA of el A2 2}
o] FAfe] M Rk A glgo] whE A ASHIA T, A 2] Ay A e M B A2 & 159 0] FojAfofAt o] 1% °]
otz gaoeleh 12| AXEE T2 oA o[ "Rl Ae] ol whE 4t feo] #ist & o] 2jolE Holz] gIsit.

40| A ke £ B 2 o o IR A2 FHeA sl gasiglon <BE o] ANEE T A2 S
TR dsiko] ZolS Felsh BArFig 2). “BEQ O] thet A ol el 100uL-L" A FAL 58 g 7L
38.6N, 712 71.3No| QLo TR&-2 6 7, 7412 9% Fof| 10N ost= Az, o o2l 10uL L A 2= Tk}
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Fig. 1. Changes of soluble solids content and titratable acidity of Actinidia chinensis ‘Goldone (G)’ (A, C) and A. chinensis
‘Jecy Gold (J)’ (B, D) kiwifruit in response to exogenous ethylene treatment. Vertical bars indicate + SE (soluble solids
content, n=10; titratable acidity, n=3).
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Fig. 2. Changes in flesh and core firmness of Actinidia chinensis‘Goldone (G)’ (A, C) and A. chinensis‘Jecy Gold (J)' (B, D)
kiwifruit in response to exogenous ethylene treatments. Vertical bars indicate + SE (n=10).
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Fig. 3. Changes of respiration rate and ethylene production in Actinidia chinensis‘Goldone (G)’ (A, C) and A. chinensis‘lecy
Gold (J) (B, D) kiwifruit in response to exogenous ethylene treatment. Vertical bars indicate £ SE (n=3).
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Fig. 4. Changes in flesh color of Actinidlia chinensis‘Goldone’ and A. chinensis‘Jecy Gold' kiwifruit in response to different
concentrations of exogenous ethylene. *DAT: day after treatment.

Horticultural Science and Technology 59



EE, HAZE 7|9IERE 20| o 2 220l T2 ot T U A RUR| &

=2

rek

7}7} 391 =2 A]7]0]] 10N 0|52 ZH4E]o] dIstE|olet. <AIAZE I tigt 914 o e 1100;1LL Aele ot 7t
£ 43.6N3} T4 71.7NOJA 1295 ofke Fh&3 I B 10N ofshz st 7 £ BT 7212 i o] e A2
T 67 2 WPt it ol A5 st

‘ZEY FAof gt A o Hdll 10uL-L H 100pL-L Aol whE 7440 5582 AE] F 9U7IA] Al&aAl S7tel 2
4.0mL CO»'kg"-h, 38.0mL CO,-kg'-h'-& B Fth(Fig. 3A, 3B). ‘AN BE’ Z£0] 5552 oA of el 22)sof up
= Z}Olﬂ ES1612] rotet. ollg:l AR T e A2 S 6ol o o dall 100uL L 2] #Heell F7Ish]
AR¥st] 9olk= 34.3uL kg b 2 TR 2] o VY o Rl 10uL-L A2 I e EAYRo] Bkt Fig. 3C, 3D). ‘AXE
£ 7pde) o el WA e Aelsie] PAgle] B Ae] F 1595 S7Hskelst] 91 o gl 100uL L A2 vHd
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ol ol 22|of| (HE ‘SEA I HAEZE 7| EREQ| F2A) L 3|

= ARl A= oflE s At A=A 252Q1 oDl T2 5= ACO(ACC oxidase) 22t o 2all 4124
o] 7+ojSk= ERF5(ethylene response factor 5) -3-7212}, AlEH] —}%‘_—EHL AE Z=3} W Bsjo] Tholsk= PGC
(polygalacturonase C)2} H€l 718515 -4 5]+= EXP2(expansin 2) A2 e A= S v w ol oA o2l 22| & &
TR ANEE I O] AR -2 AR A ACO, PGC, EXP2, ERFSOﬂ ARE-aRRe] o] ZRlE Qlrk Fig. 5).
¢ 5700 AL B BN B ] s8] s o el Ao e T Wl o)
et o=l At THAE ACO %\j 2ke] 2 Ae] & 3R 6dolA F7Fsts, ofgdsl A <A ofd
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A ollddl 2] 6dFol - ZE F5] I ARE 57 PGC -2 -2 o2 Ak E ot o)A of el 4 ﬂiE
o w2 A <= Ao |7 FAT EXP2 F7AF HA] < ZEY FFoAT T §igkE Sl 4= QIgl=t] 74 8] 74 o) 7
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Fig. 5. Expression patterns of PGC, EXP2, ACO, and £RF5 genes amplified by RT-PCR in Actinidia chinensis‘Goldone’ and
A. chinensis‘)ecy Gold' kiwifruit after exogenous ethylene treatment. The AC77 gene was used as internal standard in all
experiments (n=3).
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9|4 of|£ll 2{2|of| HE I A| 7|9 2R E niAo| ZA

£ AT oA ol E A of whE 7|9 E R E 0] F4x 541 olsfishal, =l £/ FFoll 2 o o Zell A2 5
T = okt elstGiTt. A8 ol @l A e]of whE 7] 9I=FE 9 o] F Wsh= oY o Fdll A7 yAo] £l ik
B A Helet o B 2 el s ok L wEA| Holgith. oA ol il A2 Feof the 78 132 e 9
A ol el ] Tt 2 Aol vl A 2 718 T S Itk ol gell fAREE Q) e TS A2t ofo]
YoM & ATt 2 oA 78] 1 E ool B S7FsH T H ALk QItK Antunes et al., 2000).

W) 4T o B BE B oY of el A2 dp Aol A TR 2] dHd ek w2 A ZAst i), TR S 225t AR
7IEE, TF A FAE A E A2 oA 4F ewko] whEA] A4Skt (Mworia et al., 2011; Murakami et al.,
2014). 719 ZFES] 78 {74 42 TALK40-50%), F4H40-50%), 1] 3 TiH(10%) 0] (Marsh et al., 2004), T4
I 5 I o) A Sl A= JLoIAte] Zh4of| A 71915 71 0 2 K 1% HE Q1THMacRae et al., 1989; Marsh et al., 2004).

7| EFEA I 0] A= 54 BAIE Uet = A B2 ARG ==, @A o[g o] A= IS w ot wa A <
SIAIZITEAL SFItHRedgwell et al., 1990; Redgwell et al., 1992; Redgwell et al., 1997; Schroder and Atkinson, 2006; Lim et
al., 2017). ‘FEL I ARXEE FF0| B A Zehells A2t the 50 7R & 94 o g#llS A e_t dHdo
A, 1831 A2t =2 I oA w2 A A% Q1T Antunes et al., 2000; Mworia et al., 2011; Murakami et al., 2014).

7| EFE= QP o el A= glol= A ST A of 2l g do] i = #] ¢k O H(Antunes and Sfakiotakis, 2002; Park
et al., 2006; Antunes, 2007; Jabbar and East, 2016) JA o2&l 2}= glo] 74 Ujo] of e dlo] gl TAlsH]| Bl A=
B A o] )& 9] 4k HigfiEo]| o5t 7 © 2 &ed A Qlth(Jabbar and East, 2016; Asiche et al., 2017). & &ILof| & ti -2
O FA 2] pdo] Ae] A HTh = off el Aol Fbsl AV 2 AR H itk dRHARl 285 e aEF
S5 WA oEEl ST Ao o] ROl AU 7|9 R R EE 95 St o] A7 FEHIA o dEll o] SR Antunes

(o]
and Sfakiotakis, 2002; Antunes, 2007; Jabbar and East, 2016). 2 Ao AL 7} 0] 5.5 271 5 of|ddl ZT1E Seldh 4~ 4]

r&

s}

FE 05963 S A olg:l A= 3 S50] fiekw 74 9] it 0|5 57Xt Lim et al., 2017).
ENES HIRRM TR 5569 THolA oA o ddll A el= aHd o) |9 FulE A 71 1, Lt A E A AR
Ch(Saltveit, 1999). T2t 4, 7FeEet, Z12]ar Al IHdoflA & oY ol il A2l E-Fofl w4 A2}, 7hAd 13 &9 5
71, whe] 29 5o Folol G Fe A seH WslE SEslol An] Z4E ETKato, 1990; Miller and
McDonald, 1997; Bower et al., 2003). AR A o2& o] A 2|7} gAY -FA A ] SRS 714 @ = 718 o] o] A(Stern et
al., 1994; Yamaguchi et al., 1997; Scriven et al., 1989) W-E7} HhjLEe] 739 9AY o[ &ell 2]2] glo] 212 0 2 T2ar Al
o] o] <5t =4 A E H Itk Yamaguchi, et al.,1997; Scriven et al., 1989). EuFE SJA] A of&ldl 2|22 o3l 7} o]
FANA A 0 & o) ATt oA SghE WA o] WAl fiti(Stern et al., 1994). SEAITH 7| 9] EFE A= <A 9
el A2zt b FAo] Fo4 AR Fks ek A Ak oF] B Ao] §itk(Lim et al., 2017). 29| $- Zxte]]
o= 2P o Hdl A glo] 212 AEHAE FHAME 7IEFES ASkE T 4 Qlrtal B E| Q1] TH(Jabbar and
East, 2016), B2 A2t M F4-2 QIoA = A o 2lle] A2]71 H et 2 o & weberh

=

MIm it 212l 212 47 el

2 Ao o ol A2 T 34 B Waleh I A Be) T et oD T AR ZAT

A}, T&=3114 0] ACO(ACC oxidase), PGC(polygalacturonase C), EXP2(expansin 2), ERF5(ethylene response factor 5)
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Wang et al.(2000)2> 7|91 ZFE ¥ ] Azlet of| el Ald yAIoA 9] PG 704 s ZAK5H] CkPGA, CkPGB,
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