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Abstract This experiment study aimed to identify the
continuous genetic variation caused by benzyladenine (BA)
treatment in strawberry tissue culture. The ‘Goha’ cultivar
was used and treated with different concentrations of BA
(0.0, 0.5, 1.0, 2.0 mg-L'l). Morphological and genetic
variation tests were performed, and genetic continuity tests
were performed for three years. The morphological variation
induced by BA was distinctively high (10.5 ~20.0%) and
the genetic variation was 7.0 ~15.0%, 1.8 ~10.0%, and
5.0% in the first, second, and third year of cultivation,
respectively. The rate of genetic variation decreased with
increasing cultivation years. In addition, genetic variation
caused by BA 1.0mg- L' and BA 2.0 mg- L™ occurred in the
first and second years of cultivation, whereas only BA 2.0
mg- L™ caused genetic variation in the third year of cultivation.
Therefore, a concentration of less than 1.0 mg-L™" BA was
used for the propagation of strawberry tissue culture plants,
and it was necessary to identify their variation.

Keywords Benzyladenine, Fragaria % ananassa, Genetic
variation, Morphological variation
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3l $roh(Biswas et al. 2008).

LGy Y A Y B flsto] 22w r=
8-8kaL QUARE, Al HA o Hef -FH HagE-S 1)
FAdgholch. B Ajul Al 22 e F O o] §-2
SAE BE o] &= Aol vl B7] A=A Y

F AR FF Qe ol H g A
(Karhu and Hakala 2002; Zebrowska et al. 2003),
Ho| 7} ¥kl E 4= Q) TH(Graham 2005).

B QFEL O] AR B i & o] 8-8F= A o]
HEo| Ak YA g 3 54 E0] vi§- HolLee et
al. 2010), o] & Z25}7] 9Jato] o2l ShApE ] o|5) F4E
BFAFo] WSt o SL(Ashrafuzzaman et al. 2013; Boxus 1999;
Debnath 2003; Kim et al. 2019; Marandi et al. 2011)7} Z1 3§ =] ¢1
o A G 7 A B 7] 22 vl oF 1 O o 7F4] ofl = 5= = benzyl-
adenine (BA)E AH&-3ff Sk o, §-44 4 ®=BA =0
wha} WA 42 9l Wolo] Tat AL vl e HET A
ok, 2 wjopo] ejat Mol o2l A Aol ETRE
S5 E 5=, Ao 814 F)oll s WY Sl (Faedi et
al. 2002), 2 A E7]d 2] &2l 93} oF7] =)™ (Anderson
etal. 1991; Kane et al. 1992), Kim et al. (2019)-& 2 7} 2] A| E 7]
Y FBAY A 2|7t f-1 4 ol WA o] 7pF A2 A or K
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akGiT o] 2Rk Wol = e A /el St A o, multi-
apexing, = 7| Y (stem fasciation), A HS} W A =
© 2 YER 1 (Boxus 1999; Graham 2005; Karp 1995; Sansavini
et al. 1990), o] 3t Fef 2] ZAS TAY A HHo](epigenetic
variation) 7} o} 20 o] K121 © 2 A2} 7] & SHHKoruza
and Jeleska 1993), 42} 4F9) 9 A o] ojgt 474 o]
(Karp 1995; Sansavini et al. 1990)7} 2FA & 7 9 S.ofj o] x| <&

Moz 92 ud 5 Uk

whebd] 2 AT @] A ool A thaFE A 919 7
2 AMg3HE BAS S MR A elshol, BAS B 1 A )
] 23}

o w2 Feh & wol L 41 wol of o] oh3)
3, A o] A4S Fstas AAstct

Mz A U

3N E5 % BA X2

0

B L= ALA Al (ever-bearing) B 7| ‘T3P E FA|EFOR
AFg3heleh ap o] A o) Ako 2R e A S 4
Z3lo] vjX|(1/3MS F7]4, 30 g-L' sucrose, 8 gL' plant
agar, pH5.6 ~ 5.8)0]] 2|50 65=3t v ¥ sto] 71U -4 =]
S Atk 71U frAEA o] fe et ol Al AR §-BATEA
7hE vl z] o] 2] AYate] 6527 v oF &, 7] 2 w2 (MS £7]
(Murashige and Skoog 1962), 30 g+ L sucrose, 8 g+ L™ plant agar,
pHS.6 ~ 5.8)0] 42 744 .2 38 A efulakal o] slite] &4
3} 2= A1 u) OF K (whole plant)E- A AF5}$3 Tt

B AE o] A AFESEBAC] 52 =0.0,0.5,1.0,2.0mg-L" 2
452203 At o, Z- A 2] W= indole-3-butyric acid
(IBA)Z0.1mg L") = & 53} 1 23} th BA 2] 2] Hj %]
£ MS F7]90] 30 g-L"9) sucroseS Yo 3] 591 &
BAE = = H7I5tR o™, v X pHE 5.6 ~5.82 A3t
5 8g-L" 9] plantagarS Yo} THEQITH 2 AF o ALE
< Hi A= 121°C, 1.57]9F ] bt 7] o A 1527 B

o] ALg-3 el

E NS
S

fa

24 28t U 0| #B

Qao

H>

BAY = E A & FAHE FAEAH = 24N 271
SAE 2] (4 Lol 2(F)E FAT SHUHEER
A, A2 S AF 13em x 0] 6.8 em x H S1 A4 9 em)of
Sokeholch 83 QU E ek 0% Aok 2 Ak,
FHEES 0% F o2 FAIRE & A A 5] A AsL, 65
258 5 wmo] B Asrh B 44 871 A8
ol o] PBG Y (Proefstation voor Bloemisterij en Glasgroente, Nether-
lands) (Sonneveld and Straver 1994)-2- % 7] 4 &= = (EC, electrical
conductivity) 0.8 dS-m™ & 9r3=0] 1 4 ~ 53] =3} w] 2 uf
sttt

[l

BA A 2] K= A el 7] 75t FEf A, F 4 Hol 127
= AAsHG on, FH A WMol AL I =Y (EAS
SHEEESE) AL LY 2. 2A TR Al
15} 9] a1, A1REE 1 o] J) = simple sequence repeat (SSR) T} 7
= olgelol §17 Wo] A AAshoc,

72 Hol A4S 9|3 genomic DNA+= G| & Blo] 4]

9] o}y Y& A F 3}o] NucleoSpin®Plant II Kit (Macherey-
Nagel, Germany) S AH-30] 22319t} 23 DNAL &
3 33 &= A|(DS-11+ Spectrophotometer, DeNovix, USA)= DNA

_%
47
ol ulA A B E =3 5}o] AH-Fof 5-FAM (Bioneer, Korea)
2 W EAT xeto|u 2 A 2alo] Aot
PCR HH-3-5-2 20 ng 2] genomic DNA, 10 uL2] 2 X TOPsimple™
PreMix-nTaq (Enzynomics, Korea), 4 - &F 3 2}o| ¢} & v}-gF
mafo] 02 1 uL (10pM- L") Y3 Z 5742 H7elo] A
A 1220 L2 %435tk PCR (Veriti™ 96-Well Thermal
Cycler, Applied Biosystems, USA) 52 2742 95°CoJ| 4] 158
F RAGAIZD 5, 95°Cof A 30%, 65°COfl A 302(RHE o
1°CH ZF4h), 72°Col| A 3027 253] HEESE 3 95°Cof| 4] 30
%, 55°Cof| A 30%, 72°Col| A 30271 303] WHE-SF & 72°Co|
X 5271 72l ahl .

PCRO| &= 5 & 5uL o SEAFES 1.5% (W/v) agarose gel
o4 A7 ETte] % o] RS TelT 5 PCR 55 42
0.5 uL (50 ng- uL™"), GeneScan 500 LIZ dye Size Standard (Applied

Table 1 The primer sequence, repeat motif, and annealing temperature of the four SSR markers used to analyze genetic variation

in ‘Goha’ cultivars treated with BA

Marker” Forward primer Reverse primer Repeat motif Tm (°C)
FxaHGAO02P13 F:ccaggcgcttggtcttgtactact R:cccatttcceccaaatctaacaat - 59
FxaAGA21F11 F:caattcacaatggctgatgacgat R:gcactcagacatattttgggaggg - 59
EMFv104 F:tggaaacattcttacatagccaaa R:cagacgagtccttcatgtge (AG)17 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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Table 2 The number of new shoots of strawberry plants treated with BA using tissue culture

BA treatment” No. of new shoots

No. of

No. of morphological =~ Morphological variation

(mg-L™" (ea/plant) planting (ea) variants (ea) rate (%)
Control” 1.0+0.0" 20 0 0c"
BA 0.5 24.2+0.5 24 4 16.7ab
BA 1.0 29.5+0.5 57 6 10.5b
BA 2.0 27.3+0.6 20 4 20.0a

“BA treated with 0.1 mg-L" of IBA
"Not treated with BA and IBA
*meanstandard deviation

“Mean separation within columns by Duncan’s multiple range test (p<0.05)

biosystems, USA) 0.5 uL2} Hi-Di Formamide (Applied biosystems,
USA) 9 uLE E3Ha}o] 95°Cof| Al 327t WA Al 71 $-4°Cofl A
17 Qb 3t A it | A1 PCR Aha2 A5 A 71 2
2.4 7](DNA Analyzer 3730xl, Applied Biosystems, USA)S &
L5} 7] 953 oS Gene Mapper £ 2 713 (Applied Bio-
systems, USA)& AH&-5to] np7| 2 EA51o] -3 4] 1 o]
442 Axsch

0| 915y 247

wol A4y A 5 3ol A XSk o, e 1d
#poll BA A 2] ol A FEN A, 5 A Mol A& AE 5, A
HE A E BYR YL T ARE FA S0l 4E R
T F IS 119 Feol A0l 4 FHEk F 3
490 FA 5t Sohol wol 7t e H o] ekt
gef §418 Wol 775 Ak BE Fehal, Hu A
wlol A 910l 7143 vhet BAsHA A st
Zn Y D3

w7] 25 A BAY] 55 8 A elo] mE A%
313 23 Table 29 2t} BAS H7b5HA) 12
=3
o

24271, BA 1.0 mg-L! A2t 229,570, 181
20mgL" A2 T 252737 9] Al 27} WAl stol, )
of Bl mj & =& 4l 2 FAES Hth BAE o8 A&
A 228 Al 71 FA s FEAI717] Yol =2 AR E =
AEZ 202 Ag7hA] B7] 22 ol et Ao A
o] AM8-I of(Ahmad 2013; Kim et al. 2019; Marcotirigiano et
al. 1984; Zebrowska et al. 2003), @ 7] R 2] OF H ZA] o] G-A
29l g A SEEOR kAT Ee, & AFo]
M EBAS M SO 2N 242~ 295 2 AT = A S B
olatelct.

B A3 o] 4 BA B4 2] H 202, BA 0.5mg-L" 4 2] K 24
% BA1.0mg L' 22| H 575, BA2.0mg-L" A 2] H 203 S

Fig. 1 Morphological variants of strawberry ‘Goha’ cultivars
treated with BA. (A) Abnormal fruits. (B) Plant variation with
variegated leaves

7§ A 3}o](Table 2), BA A 2] 1= = Ho] HA-& HAI5kSIh

FEj 2 Hol 474 A} (Table 2), F e 2] Mol A= 74
o A 07§ A &2 0%, BA 0.5 mg-L" A 2] o]l A 4744 2 16.7%,
BA 1.0 mg- L 2] o] A 674 4] 2 10.5%, BA 2.0 mg-L" A 2]
o A 470 A 2 20.0%7F EAY SF Ik T 0] FEj 2] W ol A
+ 1Y 2YFo] Figure 1A9} Zro] & HoF E= et
H ) 8l= 59 RS 7H Aol A &3 o2 PAbE = &
e H3lth =3t Figure IBL} Zro] W] HOf ¢l Mo| J&
T30l GA R o] A 7} HhH Y 8} Gl o 1, AR o] A o) 7 -
FAol mi- EFstaL, i zof Bl A 7F o - oFgh A
o] £ ol qith.

AG7HA B7] 22 g A= T2 S48 Fdol =4
2 Yo 3% Q) O v (Ashrafuzzaman et al. 2013; Boxus
1999; Marandi et al. 2011), 2 21 1]j oF A] 2RI T 4= Q1= W o] 9]

g AT WS- vl a Aol k. 7] 2wk o] 44
wpie ERY A, AEehd, Astetd 9 §AE Y
% o] 217421 7k QL= (Kaeppler etal. 2000), 74 7] 4 0] 12
L2220 o] UF A BT Wel A EAS I, T4
Lol BEY A A) Foleh B Aol A 44
o] o H AR 7hel o] 2 %5 9] 9 e 2] ol 7k Lpekit it o]
78 7] 22w A] 32 Lhehbs e ol (Cameron

and Hancock 1986; Irkaeva and Matveena 1997; Sansavini et al.
1990; Swartz et al. 1981)Q} §-A}at EA L 7}x] 11 Qlth,
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2E 3 e 2] Ho| | Table 12] SSR 1A & o] §-3}¢]
GAA wlo] AAL AT & 14700 P2 wolF
Z Al 19 2ol = TR ] G4 Wo|J S gelstga,
Auf 2@ ol 370A), el 3R o= 1747 0] §AA W
o)A Z Felstgith BA H= ¥ $AA wol&o] vzt
(Table 3), BA0.5mg-L" 7] 2] 2= A 1dz}o]l 4744 wol
A= 2hy8LA] okof 47 2 #0]8-0] 0.0%$ITh BA1.0mg L
A m Al 1d il §AA Hol&o] 7.0%, A 2 2}
of| 1.8%, A el 33 2o]] 0.0% Al 9147} Z o] o] whe} Y

R ol

AL A2 ol go] Zo1E 9t BA2.0mg L A2 B A
| 19 2}of] -7 2] 1 o]&-0] 15.0%, A uf 29 2o 10.0%, A
Hlj 31 &pof] 5.0%= Aul =7} A oj Fof wheh 314 wol
£0] Z0] 59 tHFig. 2). BA 0.0 ~2.0mg-L'7}x] BE g
Froll A Al A7t A o of whek -4 2] ¥ o] &-o] Wopx|
L AGFS B om, BAASE(0.0mg L' 7H0.5mg L") 4]
glof A= A 2] ol A 7k A SHA] oh-& HhH o, AT A 2
2 1% %2 BA1Omg L'720mg L' A2 H 44 ¥
of&o] Wi =4 YEtth= A& 2eld 4 ek & A+

Table 3 The number of genetic variants and the rate of genetic variation in strawberry plants treated with BA via tissue culture

BA treatment”

No. of genetic variants (ea)

Genetic variation rate (%)

(mg-L™") 1* year 2" year 3" year 1* year 2" year 3" year
Control’ 0 - - 0c* - -
BA 0.5 0 - 0Oc - -
BA 1.0 4 1 0 7.0b 1.8b 0b
BA 2.0 3 2 1 15.0a 10.0a 5.0a
“BA treated with 0.1 mg-L" of IBA
*Not treated BA and IBA
*Mean separation within columns by Duncan’s multiple range test (p<0.05)
Z A J N T
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Fig. 2 Peak of alleles of genetic variants with FxaAGA21F11 in ‘Goha’ tissue culture treated with BA in the first year of cultivation.

(A) Control, (B-E) BA 1.0 mg-L", and (F-H) BA 2.0 mg-L"
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Fig. 3 A peak of alleles of genetic variants in ‘Goha’ tissue culture treated with BA in the second year of cultivation. (A) Control
detected with EMFv104, (B) BA 1.0 detected with EMFv104, (C) BA 2.0 mg-L™" detected with EMFv104, (D) Control detected with
FxaHGAO02P13, and (E) BA 2.0 mg-L" detected with FxaHGAO02P13
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Fig. 4 A peak of alleles of genetic variants with FxaHGAO2P13 in ‘Goha’ tissue culture treated with BA in the third year of

cultivation. (A) Control, and (B) BA 2.0 mg-L"

o 4 Al Q147 Zo] g §H A Blo] A7} Zol =i o]
8= Koruza and Jeleska (1993) 0] @3} v}o} Zro| tj 2 o] §
e & W o7} T AY A ¥ o|(epigenetic variation) 2 3-tfj of] 34
517 7] Wl 402 Ber,

Ao 14 24e] 717 wlo]4]2] SSR 4] 23}2= Figure 3
7} 2T} FxaAGA21F1 1’ 0} o 4] < 128F T2 106 bp, 115 bp,
117 bp, 119 bp, 121 bp, 139 bp, 141 bp 2! 143 bp] o 2 &A=z}
& B9 O (Fig 2A), BA 1.0 mg- L & 2] ofl 4] A et wio]
A(Fig. 2B~ E)9} BA 2.0 mg-L" A2jol A 23t wolA)
(Fig. 2F ~ H)= 168 bp, 191 bp, 198 bp©] Z=7}41 o th & &A=}
S 23tk Afu 213 2po] -4 2] wol A o) Wol 7Y At
Figure 33} 72T}, ‘EMFv104° ulA o A < 118} o =76 bp, 96
bp, 98 bp, 100 bp, 102 bp, 104 bp, 110 bp, 112 bp, 121 bp = 125
bpe] -5 AAE B ¢ O 1 (Fig. 3A),BA 1.0mg L A 2] o]

A g R o)A = 76 bpE A 3 U A] o - A St
3] U] 9F= B2 1 ¢ th(Fig. 3B} 3C). ‘FxaHGA02P13’
n}-7] o A] ¢ 315} T 2= 232 b, 234 bp, 235 bp, 237 bp, 240 by,
244 bp, 264 bp, 266 bp, 272 bp L 274 bp2] T LG HALE H A
O (Fig. 3D), BA 2.0 mg- L A 2] A WA e wio] A= o
2.9 264 bp, 266 bp, 272 bp L 274 bp 2] Y Y G A= AL g
1,216 bp, 263 bp, 268 bp L 270 bp 2] T -5 A A} = AL ¢l 5| ¢}
o}, A 33k 2] 4 2 wol A2 o] A4 A3} Figure d
9} 7t} ‘FXaHGA02P13’ 17 o A] ¢ 313} T 2= 226 bp, 229
bp, 240 bp, 242 bp, 244 bp, 260 bp, 262 bp, 264 bp, 266 bp, 268 bp,
270 bp, 272 bp X 274 bp] T G A A B ¢ 0 L} (Fig. 4A),
BA2.0mg-L" 2 2]o]| A ¥AY gk ¥ o] A| = 226 bp<2} 229 bp2)
o) G AAE A &5, 173 bp, 232 bp, 234 bp 2 237 bp)
AR ARl E S 21 AT Fig. 4B).
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Kimetal. (2019)& ©7] Z A v oF 1 9] Z 4] A| CPPUL TDZ
of v]sl BA7} S-A1 &0 =L, o] Hhgo] A2 5 2 tole}
T Btk E A A% 0.5~ 1.0mg L") A% = BA
2] Al Hol Hhgo] §lal FAEo] 3= A0E ot
(Table29} Table 3). ¥4+ o} 1 2} BA %] 2] A| 'HAY 5= o B 4]
oA = g L Eo] T o] & 2915191, 2.0mg L
A ejof A A5 WA 75754 Hol A A& 318} TH(Table 3).

AR 9 W] ZAFR AT Y RE S4B 4
of] 4 o] Wo] A Q) ¢l 11 (Ashrafuzzaman et al. 2013; Boxus
1999; Marandi etal. 2011), 2% Lo A T2 X X2 & Ho|
HAAS AAISFA ) 1 % Naing et al. (2019)+= kinetin 0.5 mg - L!
£ A gt &7 22| %R E flow cytometry 2} random amp-
lified polymorphic DNA (RAPD) B 5] © & o] A4S A A
11, Keiko et al. (2003)= BA 0.5 mg-L"'E ‘Hokowase’ %]
AP uf ol oAy ] go] F75tol BAO.125 mg L
E AYFO RN FAES vkl HoTA S 3t
Hugtep gk o] 2 TP &0 @7 l= 2229 E/ 4
FEEN oty gt F5 9 ARG of whet f-3 4 ¥ ol A ¢

o] Aolg 4 9O R WA EFo U2 wo] WAy
W HA S Aok T oleh,

Q0] ANE Fgotol W) 2 PR PAT 7
9 A4 =0 BAZ Aelste] FABS A7 2 A
A ujopR i wEA] Wo] A4 B3l § 4402 Hol
7 gl AT A, S A BEReRs, 9] B
A SIS A A Bl shuke] 7 ol A7k Ak 4
A v o] FAIEo] Lehd 4= Gl AA A £AS 2 5
glow, wy] Zauerne] mrk oAl Aarel M5
LR
Mo
£ AL 7] 2 A% A BA X o] w2 ¥lo] Ay 1
o A4S Bhalstaat A st & Aol AHEE 3
A E5& Tapoln, 2 Aol AT BA FEE 00,05,

e

[¢]
10,20mg L& Al steich. ol W&, 44 4
o] Q144 4L 397k AA|sheArh BA

whet 573 %] Hol whAygo] ol ok ik oy 2 A uf1d
Zpel 2 2Fof = BA 1.0 mg- L' 7} BA 2.0 mg- L' o] A 8414
o) 7} uh S v, A ufl 31 2ol = BA 2.0 mg- L of| A
F71 2 WHo 7k wrAy sl o). wheh A © 7] 2] e ok R 2] F4
S 931 A BAE 1.0mg-L'v] gk o 2 2] 2] 5}, HE=A] 1o
A & Bgshe Zo] vrgrAsiota shehE 9ok

AL Ab

2 AT 2017 e HE2XEA AFAR (A F A -
& FUEE 2GR P 7N, BANE
PJO1186301 ) B! TEAEH =HAFHe e Az
g A LAl ofslf o] Foixl A4l

Hy
fiAL)
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