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Expression of Genes Affecting Skin Coloration and Sugar Accumulation
in ‘Hongro’ Apple Fruits at Ripening Stages in High Temperatures

Seon Ae Kim, Soon Young Ahn, and Hae Keun Yun*

Department of Horticulture and Life Science, Yeungnam University, Gyeongsan 38541, Korea

Abstract. High temperature is one of the important environmental factors limiting cultivation of apple (Malus domestica
Borkh). The expression of genes related with anthocyanin synthesis and sugar accumulation in response to high tempera-
ture was studied in the “‘Hongro’ apple fruits at different developmental stages in different temperature conditions through
real-time PCR. Expression of 4-amylase (BMY) and polygalacturonase (PG) genes related with sugar synthesis was higher
in late ripening stages than in initial ripening stages. Expression of four genes such as phenylalanine ammonia-lyase (PAL),
chalcone synthase (CHS), flavanone 3-hydroxylase (F3H), and malate dehydrogenase (MDH), which were related with
fruit skin coloration, increased gradually in apple fruits of the middle and late ripening stages. Interestingly, the expressions
of all genes were highly inhibited expressed at 30-35°C compared to 25°C in all ripening stages. In the further work, inves-
tigation of expression levels of various genes could be conducted in the level of transcriptomics in fruits at the middle rip-
ening stages to get meaningful information of ripening metabolism in apple in high temperatures.
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AV (Malus domestica Borkh.ye= RAAA Aol A] AYArk=]
© 2d#Hs F R vl ALk T HA
ol AujEZ o] 71 Bl g, Al FF Aead
& BR(70.1%), T2°(14.5%), PTFE(5.0%), 7TEF
(104%)9] o8 FAFORE T209 HIgo| £
HO|LHKOSAT, 2014). Alh= W2 2~Ef2g <l
3l ko] AsEAY F4o At Fo FAAA 4
s vtk Aol o 78] 1¥E e
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2 7RE A Ve e w249 9
A WR=THSeo9t Park, 2003). T EFFS A
71e9] BTl ol A = 279 JIFS
HE=CT}(Saure, 1990; Song 5, 2003; Tomana®2} Yamada,
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(Kim 5, 2010).

Al Fpel FHd ks 7IXe oY A 54 F
o] 22 ke A 7HES AYshe F83%H
axolnt. Be] mae BYsHE b DU
ZASIATE FEAOPRIS] St 24, FepRo|EY F
v ARF Ao HEAS AHskes 8 Qllojth
(Honda 5, 2002; Lancaster, 1992). &3+ duje] MAie

e gy JHR9kE Aol th(Honda &,
2002). ARollA Alofda}t UDPRE] 22 3129 9

o @A} wle wivio] wile) Alg WA e
ohde] A& a2olA FA3] JAE= AR Ky
o] glthBan 5, 2009; Steyn 5, 2005). A7F-23} =
TAIste] o3 A7 Wt 7ol 15°ColY =okA]
WAL SRR Bo] A B Adso] AAEA
U} SAETH(Lee, 1999; Tomana®} Yamada, 1988b;
Warrington ‘s, 1999; Yamada &, 1988, 1944).
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8] ZHule] FAo] AAHAY A= AR HAEHA
THLee &, 1979). FE3F ZaEaro] Q17 S S5}
AR} o] dgEAle) w2 QEEAloRd AR At
o B FES AFeiaL, F A FF wE ¢t
EAlopd ol fx B S ER1skith(Honda
%, 2002; Kondo 5, 2002).

HZ m=ASke AstR Qg 2% e
o] A A, IFF Ta, AT Fy B, Ao
AFrr & FoR uFA AR AN w7
o 2AZel S 7)|ZIthHulme 5, 1994). 71% W3}
S} AlFdstell o3 AEHQ) a2 I AR F
A S AL, Aol & SR 2=
Ag71e] AeRde oM BAE H Y Gt
Agk Ao = Harso] ltk(Park 5, 2009).

2 A=, B-amylase (BMY), phenylalanine
ammonia-lyase (PAL)?} flavanone 3-hydroxylase (F3H)
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1. ME Mz ¥ 2=X2

B Ao AN AR e FHEE T4 T
=2 &A1Y s7lelA AulEs 1294 T2 (M.9dlE)
oA 20143 99 29el gt $ Fujo] 2w
IS VTR AR RS Al ARSIt
(Table 1). ol 16:8CEIIICE A= A
(Llshin Tech., Daejeon, Korea)ollX] % (25, 30, 35°C)=
At S 0, 6, 12, 24, 4877F A7) T A
AzoA T4 A7 T -80°Col| BAsIHA ARSI

2. RNAE2Z| 2 Realtime PCR
AR 12xg] ¢ & FE Chang 5(1993)9]

Table 1. Fruit characteristics of ‘Hongro’ apples in 3 ripening
stages used in this study.

Ripening Soluble solid Hunter value

stage  content (°Brix) L* a* b*
Stage 1 11.9+0.6 70.6£5.4  -8.849.5  38.6x4.5
Stage 2 12.6+1.2 62.6£7.4 215485  25.64+2.5
Stage 3 13.7+£0.4 48.844.3  35.0¢4.3  20.0+1.9

L*, 0 (black)-100 (white); a*, -60 (green)-+60 (red); b*, -60
(blue)-+60 (yellow)
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£ IS AR} B 24 25 P AlEAS
ALE31 FA vl $ 15SmLe] RNAFZ=U[2% CTAB,
100mM Tris-HCl(pH 8.0), 25mM EDTA, 2% PVP K30,
2M NaCl, 0.05% spermidine, 10% B-mercaptoethanol}=-
7Pl =91 3 F32] chloroform:isoamyl alcohol(24:1)
S 4e T oA Y4AREEI(UNION 32R, Hanil
Science Inc., Korea)S 2,170xgZ23}o] s Eals)
ATt 1/453]2] 10M LiCle J7I8lal 4°CollA] 6A17te]
A B3 3 2170xgE 20859 AR Sl RNA
ARES AATE. RNAZAHES 500mLe] SSTEEY
[IM NaCl, 0.5% SDS, 10mL Tris HCL(pH 8.0), 1mM
EDTAP] = 539 chloroform:isoamyl alcohol(24:1)
S 418 T ARoA 4] (Legend Microl7, Thermo
Fisher Scientific Inc., USAYS 13,800¥g= 3] 7 oH-S-
E2IS9aL, 1/1053)2] 3M NaOAce} 2ufe] oeke-S 3
7kl -80°CollA 3001 REdE 3 13,800xgR 2045
QF YAkEElEte] RNAS ettt 2]t RNAS 1%
agarose gelllX] 7|9% 3l ERIS}aL Nano Drop
spectrophotometer(ND-1000, Technologies Inc., USA)S
o]8-3le] 260, 280nm FRENA FEE =AslaL HE
RNAFTEE 500ng/mLE 31} w23k RNA(Img)
ZHE  PrimeScriptTMIst strand cDNA  synthesis
kit(TaKaRa Bio Inc., Japan)Z ©]83} Ist cDNAES 3
3313l real-time PCR ¥h3-5 913 F3 o= ARSIt
Real-time PCRE] 712 U2} 2T} initial denaturation,
95°C-305%; denaturation, 95°C-53; annealing, 60°C-30%;
40cycle WHE-. Internal standardZ+ actin F3AE X
ANEEE FAE FEe ol&sdt 74 e EE
A58} Bluslglom FHE Ay loghkoE ERNIT
A} Eo]&<Ql xglo]H= Primer3(http:/frodo.wi.mit.
edu/primer3)E ©]-83l AsIH o G71LE-S Table
20 YERARA.
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o] =ZA)71Z1 %, B-amylase (BMY), polygalacturonase
(PG), phenylalanine ammonia-lyase (PAL), chalcone synthase
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(MDH) 2212 W3S real-time PCRS ©|&3o] &
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Table 2. NCBI gene accession numbers and sequences of gene primers used for quantitative real-time PCR analysis.

Gene

Accession No.

Primer sequences

Actin

a-amylase (BMY)

Polygalacturonase (PG)

XM_008362405.1

XM_008393061.1

NM_001293928.1

5’-TTTAGCATCCCTCAGCACCTTC-3’
5’-TACTCTGCCTTTGCAATCCACA-3’
5’-CAGGCTGTGATGTCGTTTCATC-3’
5’-CACAACCCATTTGGGTAAAGGA-3’
5’-CAACACAATCATCGGTGGGATA-3’
5’-CACAAATGCCTGTGTGTCATCA-3’

Phenylalanine ammonia-lyase (PAL) X68126.1 5’-GTTGAGAGTGCAAGGAGTGCAA-3’
5’-TCTCCCCGGTTAGGTACTCTCC-3’

Chalcone synthase (CHS) AY786996.1 5’-AGGACATGGTGGTTGTGGAAGT-3’
5’-AGACCAAGTGGGTGATTTTGGA-3’

Flavanone 3-hydroxylase (F3H) AF117270.1 5’-TTGTAGCGGCTTGTGAAGACTG-3’

Malate dehydrogenase (MDH)

XM_008364115.1

5’-ATCAACCCCATGGTCAACAATC-3’
5’-CTTGGGTTTCCATGGGTGTTTA-3’
5’-ATGTTGGCAAGTGACTGGGAAT-3’
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Fig. 1. Expression of beta-amylase (BMY) and polygalacturonase (PG) genes by different temperatures in the fruits of apple. The error
bars represent the standard error of the means of three replicates. Stage 1, initial ripening stage; Stage 2, middle ripening stage; Stage 3,

late ripening stage.
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Fs FERI e 30~35°CH] aelA] Bt 25°C)
A go] THHMFig. 1). PG A= o] A=

AZE APAes LHo] Flste] WA FRE7O)A
o] gtou, =71 FSig xole e o
At

o] e Fedsh= PAL, CHS, F3H, MDH -
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aslen, 53] MDH #3AlE #8148kt
(Fig. 2). ¥4 SEAIQ] M= Ze 3R] W
o] 25°C AFXe HRF R F7slsler, 30T
o} 35°C AHEFolMe =29 ARk] AHErE i
o] Tidke AP Bt

HA7] w29t @A o] et JolMe B A
7} 25°CollME BE fRRke] Wdo] ke A
UERNAAIRE, 30°Cet 35°Ce] WHEgEe un]Eiaint
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Fig. 2. Expression of phenylalanine ammonia lyase (PAL), chalcone synthase (CHS), flavone 3-hydrogenase (F3H), and malate dehydro-
genase (MDH) genes by different temperatures in the fruits of apple. The error bars represent the standard error of the means of three
replicates. Stage 1, initial ripening stage; Stage 2, middle ripening stage; Stage 3, late ripening stage.
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I Al 320 o8k Al o] 2R
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2010). ZHAHIH7)(6-8€)e] 71€0] 30°Coldd w) Az
o} o] WEEE 9 PMdEErt HAstar, 35°C0]
Fd wie TFol ot A ARZE gold B3E
=7} Fetk(Lakso, 1994). A2, B, ¥E 5o

I FoA AFE ARt fa] AT ARl 7R
2 S 71AH, e JF 549 F8 7)doH
ZF F2 trlellr F83 TS FT(Beruter, 1985).
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O (Reay, 1999), vle} Algol|A] ZAlo] Eikst F2
aL2ol] o3k FEAoRd o] oA|Z QI3 Zo R HawS]
TH(Steyn et al., 2004).

ARt FHol A QEEAlORd kg kel el
Ao FHoaol 2 Yol FE QFEAlORd SAd]| v
gl Foln, fzte] W 7 AEAR =l e
$HH(Honda 5, 2002). MdCHS, MdF3H, dihydroflavonol
4-reductase(pDFR), anthocyanin synthase(MdANS), UDP
galactose:flavonoid glucose transferase(pUFGIuT) 57) -%1
AE o R el Fs EAek] ALRHTRE AR
A} £3] MACHS, MJANS, pUFGIuT frAAe] w&o] &
Tkl BUBITHUb 5, 2006). QHEAJoPd Sl
PALEY =7 Z3ol] we} 15-20°C8] 25%ollA 2
ayolgla BRuEITNoro 5, 1991; Lee, 1999).
Lister 5(1996)°] <J5Pd, “Splendour’ AR} o=
PAL, chalcone isomerase(CHI), UDP galactose:flavonoid
3-O-galactosyltransferase(UFGalT) +3A1e] &4do] A
der ol FEAR FA3 #do] dvkar HhsiFch
I3y, ‘Delicious’@} ‘Ralls” AF 7o) WS 7|17 5
QF "ol =ZFchd CHS 4L AdEAPA 3o
Aol A4 Y 7IAA Bete 3E S eH
(Ju 5, 1995a, 1995b), PAL 42 ‘Delicious’ Z}T]o]]
A QEEAloRd S43 #do] glom FefHlicol= T%
= I I G AAN =A FAHEAS B AT
olr= ] 2Ast BEQ= PAL, CHS, F3H, MDH-
Azte] HES RIS OH, M2 tE 2EAE|TelA
WA AR sl Sk A B
om WAl A= HAF STtk ARS B
HATARZ BokS w) 25°C Mt g HTR
o 2d Aot o w22 A4S ERIE UYL, 30°C
olde] agore Walo] AAHACH, WMA7] 27|
AR o] L4 Wo] dAASHA AA= A

AP ARG A7) 2%7F 20C AR W
Bo| STkl 2AS SN BN o} Fs 9
S = HEFES FPRIeH el
S (Yoon &, 2010). 1L} ZpAo] ZAlos 28l
ofet Fo| = Al AEehH, FHLA| | nE
730N we} det-olit T FAo] 30% Fe X
o] HAe W FHEept-F ] B 2ol A
PR S & 5 UtKSong T, 2014). ]9} o]
Fog FEA Ho] HHHACH, Delicious’ A
o ME FFEAgo] g Aol A 27 2 F
A, Ardo]l dA8] A8 th(Barritt 5, 1991).
AFolME 715 Wsl] mE 25/l e k]
o] AgF A= FhsA e, 715 WSt e 1L
23} gEo] Wl 4= Q= BEAS gElstd A
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the sale] WA 1% el TE e FAke
o Qo] olsla & 91 Acw oA

TUAME A7 213t 2 =Sl o) 2 AlS
7] BRF 7o) ZotA AP Al ApjlNe 2AE
Zol] 7P 2 FAIHCE tiFEal UtkPark 5, 2009;
Sagong 5, 2013). FI]e] 2N} F 7 7|&fo) fofs}
= A8 BH8A FoA 2= wE A AsAto]
of gt A77F Aol oA F2 A=
THAzuma 5, 2012; Bergqvist 5, 2001). A} H2lo]
Aoole B Q4so] Hofsial lonE A 4
B3 TR WS AAIFeR S a1l ¢
F sk WSl et §-83% HARE IAS T Us
ojtt. T A7IRE 2= Aol W I tiAF 2 2
Afdxke] st} e Heo] g 9 AR
el Folg ARt o AY3t VRAEE o]8H
£ AFolMe B2} oA Al
Ao] Aol wet a2 ~Eg 2ol o) wslshs
RS Blal A8 1ol gk Al wke- 7]
2k olsieh=t] a3t 183 ARE A5 & AT
TS o] AFE Sot] % alee] WSk FY
Hels AR B4 22 BARIES oAy AT
£ Fek= dell oA Al FAdY 7PE A9 4
SHAE AT 7 de T8 HRE AFsA =

Aele.

R o

P | o
= S

22 AW (Malus domestica Borkh) IHae] 2o
FEFs VA= 7P F8s 3 2%l F shveldh &
A71e) g2 Al S 3EAIR S Real-time
PCRE Fal &=x7ol] e QMEAlopd 3 & =
2 Ao i Aeolg 2ARIY. T dAHd
A1 B-amylase(BMY)2} polygalacturonase(PG)e] 2
S WA AREA R w2 GAlA D58 E=UTh
)] v} FHEQI= phenylalanine ammonia-lyase(PAL),
chalcone  synthase(CHS), flavanone 3-hydroxylase(F3H)2}
malate dehydrogenase(MDH)f-HAR= WA Z7121dA||
Ae a1 A2 244350l o] Srkhe AP B
Rom WA FIFAA M= A STk A B3
o HAGAREZ ®BoES W) 25°CHE T ThE =4
TRO I A o E=ton, W ARdA R v)
A=t eAleM o] Wo] AeHAl FEEATE 7 AT
ARE 2 Z271AA| ] Hilo] 1 iEH AT} TP 9
s 7AER FAZT[AA0] S o]83te] HAMA
E A8 FAMEESH EelA Al Adstialel
A 83 FARE A& F IS ASE AlsHrh
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