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Abstract. Tropical night phenomenon has been increasing due to global warming recently, it is expected that fruit
quality of apples will decrease due to elevated night temperature condition. In the present study, fruit quality at matu-
rity, periodic anthocyanin biosynthetic gene expression and sugar contents in leaves and fruit flesh were investigated
to establish the physiological responses of ‘Fuji’ apples under high night temperature. The night temperature were
treated with such as ambient (control), ambient -4°C, and ambient +4°C. After the treatment, high night temperature
didn’t affect fruit diameter, weight, and soluble sugar contents. Coloration of ambient +4°C was poor than that of
control, however there was no significant difference between these genes expression of control and that of ambient
+4°C treatment in the late coloration season. Increase of sorbitol and glucose contents at ambient +4°C in leaves were
smaller than those at control, and then sorbitol and sucrose contents in fruit flesh at ambient +4°C were smaller than
those at control. The cross section of leaves showed that there were no differences with the structure of parenchyma
and epidermis tissues between the treatments, but starch granules in the palisade parenchyma cells decreased in high
night temperature treatments. Consequently, high night temperature didn’t affect the fruit quality, but changed sugar
contents in leaves and fruit flesh, and suppressed coloration regardless of anthocyanin biosynthetic gene expression.
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Abbreviations

MdMYBA Malus domestica myeloblastosis A
MdDFR
MdANS  Malus domestica anthocyanidin synthase

MdUFGT Malus domestica UDP-glucose:flavonoid 3-O-gluco-
syltransferase

Malus domestica dihydroflavonol 4-reductase
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Folo] e dubzos mezolr AlEal, AL
Z20|A EF=M(Xie 5, 2012), <35 Bt %J} =
= Aol AriFes FHo] ERFHA dehdtt
(Wang 5, 2011).

Haoe A7 ez 8 olne @il 3718
A dfjol o] A Wert SFslal ltk(Park and
Suh, 2011). Elok= ogF HA 7]20] 25°C ooz
AR e ese, 200195 E 20103714 B
Aol 4= 5.790]3l, Representative Concentration
Pathways(RCP) 8.500 2J51d 21417] W71A] A%t 559
ooz F7IE ZoF oPdEal Uth(Lee 5, 2012).

o] B e FReERT oRhewe] 93
o A won, okerrl kS w) o] ZZHTh
(Reay, 1999). O Akgle] 8 Aael ghEAlohdol
Aol ggol F3157] M-S Z(Ban 5, 2009), Al
To} PRI QFEAORIS F8 AhE ZHe Fo|
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TUA SHAEL W] fEl Aol gl
A 3A FTA /M9 APEE tide® 20144
7E5E 1087HA]9] oFkeEE thEA Aglse] ds)
At FZol= 27] =9} FYsHAl AAsa, okt
25 47] 259 FYg AEFE TR st o
ZFHRT ot &Rt 4°CE W AP (4°C A=
FAIZHeE, tiETEE oRReERE 4°CE =1 A
(+4°C A2 FARHE st tixTe) Blasielt.
ot AIZRE: A Hi dE, dE ARES ARXKSIA
7~8E2 9% SAIRE] 23 64, 992 2% 7AIRH
23 6, 1082 25 oAFE 24 TAIZ AT

o] FEL 109 30¥0l I FEet I, T4
2 JAES S, 79 445 gl FAS 5t
=9} A AFE(0.IN NaOH, pH 8.1)3 FAFSIitt
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UK)Z 431t tEAlopd ke s A&
I.lem =719 cork-borerZ o] AT 3~47R% = 1070
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A 30mLollA  15A1KF F=31]  Spectrophotometer(UV-
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Table 1. Primer sets and reporter 1 sequences for g-PCR.

a4 AF838199aL, Superscript™ RT-PCR System(Invitrogen,
Karlsruhe, Germany)2 & cDNAZS- 4313t cDNATA]
S 93l 100nge] RNAZ 42°C o4 ¥-SAZT g-
PCR< QuantStudio Sequence Detection System(Applied
Biosystems, Foster City, U.S.A)SZ 343}, HF
reaction volumneS 2uLe] cDNA templateS X 3|A4]
Z 10pLE ST A3l ©]-83 primer} reporter
19] @7IXEL Table 13 T} PCR 32 95°CE
105 3 95°C 15%, 60°C 132] 40 cycles® HER
ot A3 Z3= Sequence Detector Software(Applied
Biosystems)Z -23}51t}.

Fele B2 918 ek Adeie 78 A Fr
27 ez g F3 3 R o 108 A
a1, AAEAZ dY H nlE $AUxE St e
A5 AAsI HEEES ARSI, AU & 3
ol 8T i BAd ol &siat fElde F= %
42 Colaric 5(2007)9] Rl L7 T4t o83k
3, 7S Sep-pak™ C18 Cartridge(Waters, USA)S
ol g3l s T AU olF e E TFHTE 0.5mL/
min® & E2|31 sugar-pak 1 ZH (6.5 x 300mm)= ©]-8-3}
& HPLC(Waters, USA)Z E41814t}.

B3t Au 8 AR AlF2 Park 5(2013)Y] WHS
AR 543} epon blocks THEUAL, ZP|AEH7
(Ultracut R, Leica Co., Germany)E ©]83|4] 1,500nm
AR 7188k PAS(Periodic acid Schifff§ o2 G2,
T63‘51]'?:55'_‘:’]78‘(Axioskop 2, Carl Zeiss Co., Germany)°=
=

BE BAXEE SAS 9.0 Z2IWOZ Duncan®] T
THAS AAst A=zt Blasiitt

N

[

i

1. a2x2|of 2fgh Balo| AAHs}

Gene Forward Primer Seq. Reverse Primer Seq. Reporter 1 Seq.
UBIQUITIN ATCCGACACCATCGACAATGT GCTGCTTTCCAGCAAAGATAAGC  CAAGGCCAAAATCCAG
MdDFR CTTGTGATTGGGCCATTTCTCATG GATCGGCGAAAGTCCAGTGAT CATGCCACCAAGCCTC
MdANS GCAACCAAGGTACTGAAAGTTCTGT GAGCTCTTCAAGTCCACCAACT CCCTTCATCCAATCCC
MdAUFGT GGTAATTTCCGGCATGCTACTTC CATGAAAACTGCGGTGGCA ATGGGACGGCTCCTCC
MdMYBA CCAATTCTAGACCATATTCAATCAGCAGA TCTCCCACCAATCATTTCCATTCTT TACGCCACCACAAACG
A0 - A2SH, 242 X35 20154 265
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Table 2. Fruit characteristics and quality of ‘Fuji’ apples at maturity under different night temperature conditions.

Teamen P Diametr  Fimnes sse Ay nton
(ngrem?)
Control 212.0a* 793 a 43.7a 159a 0.469 a 121b
Ambient-4°C 282.7a 86.7 a 39.1a 154a 0.421a 2.05a
Ambient+4°C 200.7 a 77.8 a 462 a 13.5a 0.551a 126 b

* Mean separation within each columns by Duncan’s multiple range test, 5% level

10/2

9/28
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10/10

10/26

Date (month/day)
Fig. 1. Color changes in ‘Fuji’ apple fruit skins under different night temperature conditions. (A) control, (B) ambient -4°C, (C) ambient +4°C.

4 TRE 108 D7) AP 2 mES e,
-4°C A7 AT Tl 7P WA A)RlES] 457
o] 7P¢ gk 2E e ACHFig. 1 and Table 2). ¥
W HC AT B0 Aol a1, ZAS A9)g)
FA a9l Foxe ARt 2tolrh #EEA] it
=Tt -40C AEjte] B ZAe] AIRAT7IE oF 2
T 7o Aels BHYow, oK) 2w djEto g <l
Zhalo] QAR HFH oz A&7l FAo] 9435
Ae B R8I A2l os) Zajo] w2 A Al

YERNATHChoi 5, 2001). $A]°9] ¢
oA ZMo] F FES WANE 1 9]¢
Z Aot gle RS RIS webA ol 71F=
I8 deijeRe] WA Ak SISl oRY 257) A
shA Ao ofgt Fdslete] 7Y & A 2 Ao
2 FA=

ozt 3129

4 a%le

2. oEAlOM] MEtY RTK W

Af} mhale] qrEAlohd AEHIS ERATIE HARIA

ZEd A7) Hdel Ze] Flthe A8 E=olM MdMYBASt 1 SFEAlOlM HARE= MADFR, MdAANS
o] A7-ael AABITH(Shim &, 2007). °KE A0l B MAUFGT®] 'Ed%s Blulsliith(Fig. 2). -4°C A2+

g FINTIe AL FHo] ZiMEE ARHE d8A
AEAlobdo] HHE A71E SR FRsF= &
ol o5k ZloF HATEHAH

+4°C Ao 2 ERke oRgh 1ol ofsi Al

o) 2ajo] oAEie 71Ee] Hush YAlske AT

o] A% EE f7xke] Wdo] of 2NH AR oR
=711, B3] MaMYBAZ} 7% WA Zr)slar, Hol
o] Yz faxlEe] wdo] Syl A, +4°C
22T A4S, 99 Ao MdDFR, MdANS, MdUFGT®)
o] W] F7HTF T AT

" (Blankenship, 1987), FAOME BUH FHE B ol faAe] B +aC ATl AR Haol
gk SR A7 0 A5 5o AUFARE Wk Uolke AZIel 98 olFREE A Jol Yasst

gglom, ot el ofs HE Al Hael 27,
B3 9 ger) ZeEglthe Raushe AN AnE
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Fig. 2. Fold changes in the expression of anthocyanin biosynthetic genes in temperature treated ‘Fuji’ apple fruit skins relative to those of
control. Relative expression was determined with the 2-Ct algorithm with normalization against the apple UBIQUITIN gene. (A)
MdAMYBA, (B) MdDFR, (C) MdANS, and (D) MdUFGT. Mean separation within each columns by Duncan's multiple range test, 5%

level.
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Fig. 3. Contents of sorbitol and glucose in ‘Fuji’ apple leaves under different night temperature conditions. Mean separation within each

columns by Duncan's multiple range test, 5% level.

-4°C AlellA olg el wde] 9gFE It
31 AR, el SolA oz s QHEA
ol AFA SRR AR MAMYBARE AEAS)
7F¢ iRt @Alol e MAUFGTS] Wa7kA] 25 &
7kataet. weEba ok Aol ofsf F3] Zo] FolA]
£ 990 QHEAoRd AFdel BT fate) Wl
o] Fajo] ZE= A7)l S7HI7] wlEolal(Ban
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RS

Al - AESH, M243 X3& 20154

oK 3120 <3} WU F 12FA7HA SHEAloRd A
P4 FAAe WHo] Eh} oF T FEOR
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Fig. 4. Contents of sorbitol and sucrose in ‘Fuji’ apple fruit under different night temperature conditions. Mean separation within each

columns by Duncan's multiple range test, 5% level.

Fig. 5. Cross sections of ‘Fuji’ apple leaves one month after the night temperature treatments. (A) control, (B) ambient -4°C, (C) ambient
+4°C.The circles indicated the red colored starch granules located in the palisade parenchyma cells. IS, intercellular space; LE, lower
epidermis; PP, palisade parenchyma; S, Starch; SP, spongy parenchyma; UE, upper epidermis.

o] 7FE =2 Al7]olar, Flo] AJRkE]7] QI vl
T 127l Abscisic acid(ABA)} ethylene 24 Tl
H| Gibberellic acid(GAY2/doll Jaf AEAlOPA FHdo]
AA =] 7] W] Aoz AAZITH wEpA] ogE 12 A
A T F 125 ol 2 Aol TS wX=
OE AARIAPL 288tA =9, ol& FHsk] S8l <t
EAlopde] AFEERQ] Ao U glucosideS A
715 MAUFGT 59 &40 Fasithal =it

3. I2x2|o 2|8t 2pAnt lo| = FE

ol EAleke feT Bl AVl waE A
A3}, HA 2% A2 71ZF B9 sorbitol?} glucose $Hdoll
A 93k zto)7t FR1EATHFIg. 3). Sorbitol RS- T
Z7o) Bls] +4°C Aot -40C AETTE BF 9l
1 FAXE +4°C 2] sorbitol o] 7P Rt
209) glucose?] L chael -4C Ml Holr}
AAARE, +4°C #2]7e] 9ol ETHT Witk

vlETo} 4 AT A ZHN ol 47
FRE QA +4°C Aol e A TAEA] gt
(Fig. 5). 2& Az7olA <l 235 798 e &)
A, SR, fEs 9 EREAe) geje Aol gl

Ajie] Qo B3P Fehakgo] SR oF 60-70%
= sorbitol®] FEIZ, YHE= sucrosed] FEIZ FAE o]
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7} sink 71#o =z AF7F dojdth(Bieleski, 1968). -
ARAoME 2] SJol|A] sorbitole] FE|F FollA 7+
B, AgFEelMe +4°C ATelA do] 7Y
Aom AGFE iEFo] EAEHA Tt BES]
AT 3200 o3l AR & Fo] Fhske A
2 HIEYOH(Acock 5, 1990), oRIe] &57) w2
B EFFo] TR A sIHE An7E BolA]
Tk o5y A o] Adhs Ao AT IITH

Ro 5(2001)l &Jahd Foghs R5F 5°CH A3
S o AR Q1o ARFE] FTIRIAN, B A
Ay} giz2Ttet -4°C ATl Hlsl] +4°C AH]TelA=
AEHES A AT F Ak o= oRIRE 310
Zhga AT S2olv AR dojuprte=
SHFES TP © AA, Y AU B Fog
FA Y] jEgo] UeRths RS ov|sitt.

50 AV FEld s 2ARE A3, sorbitol )
sucrose?] o] oIt XpolE HA{THFig. 4). 9¥ &
5 AAA FA9] sorbitol gho] tETE}F -4°C A
TolMe F7ksket Hisl, +4°C AT A dF
3 FAEATE A4 102 1390 +4°C AT
sorbitol ¥ tiETeF 28] ode] zolE HTh
Sucrose®] A¢E PRPIAE, 99 TS 7IHCE O
7t -4C Aol e 3438 Frisket BlEl

" ovw w\uTl
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Sucrose= 9] ofUR| oA FQE Mt ofe},
AEAlOPd IS FRAE Asie EHER &
Q3%k 98-8 Sl(Ende and Esawe, 2014). Sucrose S©|
2 AsHGe Mxo] Zs ol FFE FXWK7IA,
AARIALE E/33IA A EEAloR] AR frzizte]
S Z7MZIEKShin 5, 2013). AA] 2] sucrose $HEF
2 Al ZHE)e] 8 FEAJOPAR] cyanidin 3-galactoside
9} cyanidin 3-arabinoside &3} 2] A7} low
(Liu 5, 2013), ogF a1-20l 2J3]] 2}29] sucrose o]
sl o] EFsliAe ACE AyzEn)

ot 1o g <l FSMHES FFo] AL,
A} Aol & 2ol HskE UYERAUTE FEgE JFEA]
opd AHd Ak Al7E el WiskE skl
ZAlo] BaFsqitt. otaleol whE Wk 3l o
e prite 9zt 83t vAEe el vERt
B2 A F-9] slgtolut FAY k3t 5o wAIF ]
WS 7hsAdo] =7] wiiEel oo THEE A&EHQA A
T} stk wgEn

¥ e
HZ A 23t el dujof A HI=r}t kst
AL lom, ogh Ao Zhase] oFk Alte] A EF
o] o dert. wEtA B A= AS7] $RE ogt 11
20| B2 Al mx|= JFS FHI| A8l s
7] I FHI A7PE GEAloR] AR frriAke]
A AL, A A W F S Hlaslo]
ot a1l o3k AeRhES FrEekalal AAISIT
oRIEE TERH 10971 Q1P iRl A
233, ti71 = diHl -4°C, +4°C 2 747 A3
oh oRE 3o el 7, AT, ol S v
AR Fhar Hale] 2AS BEFehAl ANt 2
Al719] FEAJod AR frxte] RS WHEhA]Y)
A ooyt ®SE, oxF 2o oA 9] sorbitol,
glucose &=} FA9] sorbitol, sucrose FFo] iz
o Hls zHskar, d 23S FAskaL e A, 8l
A 5] B 2F el Alol7t YEREA] kAT %
P8 x22 o] i o] Asilth wEbA ogE
AL FAP AR I FAolE IS HAA &
RARE, ¥} B F 2SS WS o, JFEAJO}
U AR Frxke] dde dARle] o] AN
AAEA

27 FA0] : 2U1E, AEAR, SHEACRI AT
A, A, T

A0 - A2SH, 242 X35 20154

AL A

B =R T8 71HAAIAEHANME: PI00863
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