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Abstract

Apple (Malus domestica) is a climacteric fruit because of its high respiration and ethylene production. Ethylene
affects the fruit by decreasing its quality and storability. Md-ACS1 and Md-ACO1 genes are involved in ethylene
biosynthesis in apple; the Md-ACS1-2 and Md-ACO1-1 alleles are associated with low ethylene production. We
conducted an analysis to study Md-ACS1 and Md-ACQOL, and to examine ethylene production and softening rate
of fruit at room temperature (20C) storage in ‘Fuji (FJ)’, ‘Golden Supreme (GS)’, and 5 cultivars of Korean apples
(‘RubyS (RS)’, ‘Hongro (HR)’, ‘Arisoo (AS)’, ‘Summer King (SK)’, ‘Greenball (GB)’). The result showed that
an increase in the number of the alleles (ACS1-2, ACO1-1) decreased the ethylene production and softening rate.
The presence of ACS1-1/1, ACO1-1/2 was confirmed in GS and the highest ethylene production and softening
rate was observed. Ethylene production and softening rate of SK and GB expressing ACS1-1/2, ACO1-1/2 were
higher than that of HR and AS, expressing ACS1-2/2, ACO1-1/2, but lower than GS. FJ with ACS1-2/2, ACO1-1/1
showed the lowest ethylene production and softening rate among all cultivars except RS. The Md-ACS1 and Md-ACO1
DNA markers could potentially be used to estimate storability and applied in marker assisted selection the improve
the efficiency of apple breeding.
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Table 1. Primer sequences used for amplifying Md-ACS1 and Md-ACOI1 genes
Gene Primer sequences Amplétc)g;l size Annealin% (If:)m perature Reference
Md-ACSI Forward 5~ AGAGAGATGCCATTTTTGTTCGTAC 3~ 1:489 58 Sunako ct al (17)
unako et
Reverse 5 ° CCTACAAACTTGCGTGGGGATTATAAGTGT 3 2:655
Md-ACOI Forward 5~ TCCCCCCAATGCACCACTCCA 3 ° 1:525
65 Costa et al (5)

Reverse 5~ GATTCCTTGGCCTTCATAGCTTC 3’ 2:587
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Fig. 1. Md-ACS1 and Md-ACOI banding patterns for the seven apple cultivars.

The top panel shows Md-ACS! allelic forms. The bottom panel shows Md-ACO! allelic forms: ‘Fuji’ (lane 1), 'RubyS’ (lane 2), ‘Hongro’ (lane 3), ’Arisoo’ (lane 4), ‘Summer
King’ (lane 5), ’Greenball’ (lane 6), ‘Golden Supreme’ (lane 7); 1 Kb DNA ladder (M).
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Table 2. The fruit characteristics and Md-ACS1, Md-ACOI genotype of 28 Korean apples

. . Fruit skin Harvest ) Sweet- Fruit Genoytpe No. favorable alleles
Cultivar Year released  Fruit shape color fime” Acidity 1ess) weight4) 4CS] 4001 FA)
Hongro 1988 Globose- Red 2 1 5 3 22 12 3

conical
Chukwang 1992 Flat- Red 2 1 3 4 22 12 3
globose
Gamhong 1992 Oblong Red 3 3 5 4 22 12 3
Hwahong 1992 Globose Red 3 1 3 3 12 12 3
Seokwang 1995 Globose Red 1 4 2 3 22 12 3
Saenara 1997 Conical Red 2 4 3 3 22 12 3
Sunhong 2000 Conical Light- 1 2 3 4 22 12 3
red
Honggeum 2004 Oblong Light- 2 3 4 3 22 12 3
red
Seohong 2004 Globose Light- 1 3 3 2 22 12 3
red
Summer-dream 2005 Flat- Light- 1 2 3 2 12 12 2
globose red
Manbok 2006 Flat- Dark- 1 2 3 2 12 12 2
globose red
Hongso 2006 Globose- Light- 2 3 4 2 12 12 2
conical red
Hongan 2006 Globose Red 2 1 3 2 22 12 3
Yeohong 2007 Globose Red 3 5 4 4 212 1/1 4
Danhong 2008 Oblong Red 3 3 4 3 22 11 4
Picnic 2008 Globose- Red 2 4 5 2 22 12 3
conical
Greenball 2008 Oblong- Yellow- 1 3 3 4 12 112 2
conical green
Hwayoung 2008 Oblong Red 3 3 4 3 22 111 4
Hwasa 2009 Globose- Light- 3 3 3 2 22 12 3
conical red
Hwangok 2009 Globose- Yellow 2 5 5 2 22 12 3
conical
Summer 2010 Globose- Light- 1 4 3 3 12 12 2
King conical red
Arisoo 2010 Globose Light- 2 3 4 3 22 12 3
red
Goldenbell 2011 Globose Yellow 2 5 0 1 12 12 2
Rosebell 2011 Globose Yellow 1 5 0 1 11 12 1
Tinkerbell 2012 Globose Dark- 1 5 1 1 12 12 2
red
Decobell 2013 Oblong Red 2 5 1 1 12 12 2
Summer-orince 2014 Globose- Light- 1 4 2 3 /1 12 1
P conical red
RubyS 2014 Globose Red 1 4 3 1 22 12 3

"Harvest time: 1=from July to September, 2=September, 3=October.

2)Acidity: 0=No acidity, 1=Week, 2=Midium-week, 3=Midium, 4=Midium-strong, 5=strong.
ISweetness: 0=Not sweet, 1=Week, 2=Midium-week, 3=Midium, 4=Midium-strong, 5=strong.
Pruit weight: 1= <100 g, 2=150-250 g, 3=250-300 g, 4= >300 g.

IMean to add up number of the alleles (ACSI-2, ACOI-I) of low ethylene production.
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Fig. 2. Change ethylene production in the seven apple cultivars over
25 days after harvest at room temperature (207C).
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Table 3. Fresh fruit firmness at harvest, firmness after 20 days
of room temperature (20C) storage and softening rate (difference
between firmness at harvest and firmness after storage, divided
by number of storage days) in the seven apple cultivars

Firmness (Newton/11 mm plunger)

Cultivars - Softening rate
Harvest time after storage

Fuji 68.520.39" 61.03025" 037"
RubyS 71.00035" 68.43+0.38" 0.13"
Hongro 71.14£0.72° 55.98+0.63" 076"
Arisoo 74930.33" 58.30£0.71% 083"
Summer King 70.38+0.24° 4746+028" 115"
Greenball 57.07:037° 34.42£0.10° 113"
Golden Supreme  70.38£0.24" 44.93:0.17° 127

"Values are means+SD (n=9).
PMeans followed by the same letters within the column per parameter are not significantly
different (p<0.05).
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