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Abstract The objective of this study was to carry out
treatment of various plant hormones in order to determine
morphological and genetic variation degree of tissue-cultured
strawberry. The cultivar used in this experiment was ‘Goha’
and ‘Seolhyang’, the plant hormones used for experiment
were benzyladenine (BA), N-(2-Chloro-4 pyridyl)-N’-
phenylurea (CPPU) and thidiazuron (TDZ), and the con-
centrations were 0.5, 1.0, 2.0, 4.0 mg-L™" with each hormone.
The BA treatment of the proliferation efficiency of tissue-
cultured strawberry ‘Goha’ and ‘Seolhyang’ was the highest.
When processing BA, CPPU and TDZ, morphological
variation and genetic variation happened in strawberry
‘Goha’ and ‘Seolhyang’, especially, the variations appeared
highly in CPPU treatment. The genetic variation in ‘Goha’
appeared at the concentration more than BA 0.5 mg-L™" as
1.1%, appeared at the concentration of CPPU 0.5 mg-L™" as
15.3%, and at the concentration of TDZ 2.0 mg-L™" as 1.2%.
The genetic variation in ‘Seolhyang’ appeared at the con-
centration of BA 4.0 mg-L™" as 2.3%, and at the concentration
of CPPU 0.5 mg-L™" as 14.3%. Therefore, CPPU should not
be treated during strawberry tissue culture, and BA and TDZ
should be treated at low concentration.
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2003).
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7] £t} (Ashrafuzzaman et al. 2013; Boxus 1999; Marandi et al.
2011).
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Chloro-4 pyridyl)-N’-phenylurea (CPPU) ¥ thidiazuron (TDZ)©]
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A W2 6 7HuoF & 7] & v x| (MS F-7] & (Murashige and
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Netherlands) (Sonneveld and Straver 1994)2- % 7] 4 == (EC,
electrical conductivity) 0.8 dS-m™ & 2k3=0] 1Y 4-53] 425}
Aufsteick A Huj 71 7HE2t S S Y(EAS EH E
=559, 884 4 S, 2 S Z FEH A ¥

AdtEl Fej A wol5=9] ofdl 9& A F5to] NucleoSpin®

II Kit (Macherey-Nagel, Germany)E A}-8-3}¢] genomic
trophotometer, DeNovix, USA) & DNASFS 24 5}o] 10ng-pL’
2 Qesio] 2o o] gahelr.

E A1 of] AF-8-3F SSR 1t} += Govan et al. (2008) 2} Honjo et
al. (2011)0] AH-g-gk47H o) mpA B 5 =3 5lo] Zefo|H &
A 2519l oo, T g}o] i o] A HFeFo]| 5-FAM (Bioneer, Korea)
O 2 P FA T b5 SSR 42 A Al 8} th(Table 1).

PCR 4122 genomic DNA 20 ng, 2X TOPsimple™ PreMix-nTaq
(Enzynomics, Korea) 10 UL, forward 2} reverse primer 2} 1 uL (10
pM UL E Y3 F 745 Hoste] 1A L9 E20uLE 2
A3ttt PCR (Veriti™ 96-Well Thermal Cycler, Applied

Table 1 The Primer sequences, repeat motif, and annealing temperature of 4 SSR markers used in the analysis of genetic variation plants

Marker® Forward primer Reverse primer Repeat motif Tm (°C)
FxaHGAO02P13 F:ccaggegcttggtcttgtactact R:cccatttececcaaatctaacaat - 59
FxaAGA21F11 F:caattcacaatggctgatgacgat R:gcactcagacatattttgggaggg - 59
EMFv104 F:tggaaacattcttacatagccaaa R:cagacgagtccttcatgtge (AG)i7 53
EMFvil36 F:gagcctgetacgcttttctatg R:cctetgattegatgatttgct (TC) Direct 54

*SSR markers have been cited in Govan et al. (2008) and Honjo et al. (2011)
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biosystems, USA) 0.5uL2} Hi-Di Formamide (Applied biosystems,
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127t eHg 3k Al zleh M AIZ] PCR 4HE& A5 H 71 A4
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Table 2 The number of new shoots with various plant hormone
treatment of strawberry plant via tissue culture

Concentration of
plant hormone®

No. of new shoots

(mgL™) Goha Seolhyang
BA 0.5 + IBA 0.1 47+3° 40+2
BA 1.0 + IBA 0.1 38+2 2241
BA 2.0 + IBA 0.1 33+1 3141
BA 4.0 + IBA 0.1 26+1 4241
Average 36.0+1.5 33.8+2
CPPU 0.5 + IBA 0.1 13£1 14+2
CPPU 1.0 + IBA 0.1 15£1 3644
CPPU 2.0 + IBA 0.1 28+1 30+3
CPPU 4.0 + IBA 0.1 36+2 2743
Average 22.3+1 26.8+3
TDZ 0.5 + IBA 0.1 18+1 -
TDZ 1.0 + IBA 0.1 23+1 -
TDZ 2.0 + IBA 0.1 2842 -
TDZ 4.0 + IBA 0.1 16+1 -
Average 21.3+1 -

*Various plant hormone treated tissue culture plants ‘Goha’ and
‘Seolhyang’. BA is ‘Benzyladenine’, CPPU is ‘N-(2-Chloro-4
pyridyl)-N’-phenylurea’, TDZ is ‘Thidiazuron’, and IBA is
‘Indole-3-butyric acid’

mean * standard error

‘Do not tested in ‘Seolhyang’

b

212 v 0 gk ATK(Table 2), BA 2] A] ‘1LsP= 7| §4 &
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benzyladenine (BA) A 2] of| A 54 & &o] 74 =4 Urehy
D719 7| 24 FE Y| FA]ofl BAZ} 7H At Ao
2 Aot E Qich 18] 31 Fatemehetal. (2010)2 27] 9] 49 &
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5P’ o] P4 WolF= A Au7|HE st sho] F A A
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Fig. 1 Comparison of morphological traits with plant hormone
treatment of strawberry ‘Goha’. (A) Normal fruit. (B and C)
Abnormal fruits. (D) Do not appear flower cluster. (E) A leaf
characteristics of normal plant (right) and variation plant (left)
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Fig. 2 Comparison of morphological traits with plant hormone
treatment of strawberry ‘Seolhyang’. (A) Normal fruits. (B)
Abnormal fruits. (C) An abnormal flower without anther
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Fig. 3 Comparison between morphological and genetic variation rate of tissue cultured strawberry with respect to BA, CPPU and
TDZ treatment. (A) Morphological variation rate of strawberry ‘Goha’. (B) Genetic variation rate of strawberry ‘Goha’. (C)
Morphological variation rate of strawberry ‘Seolhyang’. (D) Genetic variation rate of strawberry ‘Seolhyang’
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of tissue cultured strawberry with respect to concentration of
BA and CPPU. (A) Morphological variation rate of strawberry
‘Goha’ and ‘Seolhyang’. (B) Genetic variation rate of strawberry
‘Goha’ and ‘Seolhyang’

B}t THFig. 3D). & A F o] A1}, FFof| TAGlol AET 2
= A2 Al e A E {14 Hol 7 A sk, 53] CPPU A
2] A B} Al E S 2 o] vl sl @A 5] =2 Ho] HAEE Y
tHFig. 3).
‘1151 o BAS w5 H 2 A 2|3t 2 1H(Fig. 4), FEf A ol
L 0.5mg Lo A 10.8%2 7H4 =7 e o U 1% 1.1%
qho] §-44 Hol9lZ gelstqirt. 1ejut “asl o CPPU
0.5mg L' A2 L w) Fej2 Hol7} 153% v $- &7
e Srk oy et e ol & Bl BE A7 A
A ol Z &l 4= UGt ‘Ao BAE = HE A
2] 3t A TN(Fig. 4), F el 2] o] Y2 0.5 mg Lol A 5.0%=
7P A UER AL, A7 ol HAE 4.0 mgLof A
23%E 7H4 A Uebdth <3P ol CPPUS &% ¥ & 3
2|et A3}, Fej 2 Wo| YL 4.0mg Lo A 24.5%2 713
LA e, 52 Mol YL 0.5 mg L o) A 14.3%E
71 =A deeh casp 9 MRk B CPPU A 2] of A
Fe) 2, -4 ol wAdo] &=9+31, E3] CPPU0.5mg L")
Ao A F12 Hol Ao W2 A& el 4= U3l
t}(Fig. 4B).
‘arsp 9l AR o)l §42 HolAHE SSR £A%H At
(Table 31} Table 4), 47| 2] SSR u}A o A <313} T 2 &= & 26
W] FAAE HQl BhH ol BA A 2]+t 33.67}, CPPU
A 2|7 30.57, TDZ A 2] 4= 3570 2] Y AAE 2
ok AP 2= & 270709 dHSHAE BYon, BA

Table 3 The number of alleles and allele size range by treatment of different plant hormones in tissue culture of strawberry ‘Goha’

CONTROL? BA CPPU TDZ
Marker Allele size No. of alleles Allele size No. of alleles Allele size No. of alleles Allele size No. of alleles

range (bp) (ea) range (bp) (ea) range (bp) (ea) range (bp) (ea)
FxaAGA21F11 106-144 6.0 106-144 6.0 106-198 6.7 106-144 6.0
FxaHGAO02P13 226-274 8.0 226-274 8.0 226-274 7.6 226-247 8.0
EMFv104 74-126 6.0 74-183 13.6 74-186 10.1 74-183 15.0
EMFvil36 121-163 6.0 121-163 6.0 121-183 6.1 121-163 6.0
Total - 26.0 - 33.6 - 30.5 - 35.0

*Do not treat any plant hormone

Table 4 The number of alleles and allele size range by treatment of different plant hormones in tissue culture of strawberry

‘Seolhyang’
CONTROL? BA CPPU
Marker Allele size range No. of alleles Allele size range No. of alleles Allele size range No. of alleles

(bp) (ea) (bp) (ea) (bp) (ea)
FxaAGA21F11 116-139 8.0 116-139 8.0 116-139 8.0
FxaHGAO02P13 207-258 9.0 207-258 9.0 207-258 9.0
EMFv104 90-125 4.0 64-125 6.0 71-125 6.8
EMFvil36 121-165 6.0 121-165 6.0 121-165 5.7
Total - 27.0 - 29.0 - 29.5

Do not treat any plant hormone
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=) VreRyiT) < asb o) A o)1= BA 0.5 mg'L 0] 4+
e o A 1.1%2 UERG AL, CPPU 0.5 mg L' o] 4] 15.3%2 U}
Ebyt O, TDZ 2.0 mg-L o] A 1.2%= VreRyc). <3k o] &
2] #o] BA 4.0 mg-L' o] A 2.3%= UEFyaL, CPPU 0.5
mg- Lol A 143%% Uepytet wheka] @] 22uok A,
CPPUE AP aHA] G Zlo] & 2= WehE L, BAY
TDZER} A5 =2 A 2ok Alo] v Al e 21 o = e

Ab A}
BB b203H ATAY HEAE  £2T7 &
WES AR LA 7S, BT ;PO
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