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Abstract  Shoot-tip culture was used to produce clonal
plants of radish stock seeds. Using 6-benzyladenine (BA),
the largest number of RA2 line multi-shoots were formed
with an average of 14.67 shoots on 1.33 uM BA in early
seedlings and 11.33 shoots on 1.78 uM BA in juvenile
seedlings. The largest number of RA4 line multi-shoots were
formed with an average of 11.67 shoots on 2.22 uM BA in
early seedlings and 13.67 shoots on 1.33 uM BA in juvenile
seedlings. There was little difference in the significance
level by BA concentration in both lines. Using Thidiazuron
(TDZ), the number of RA2 line multi-shoots increased with
increasing TDZ concentration, forming the largest number
of multi-shoots in 0.45 uM TDZ (7.0 and 3.0 multi-shoots
for early and juvenile seedlings, respectively), but few
multi-shoots were formed from TDZ 2.25 and 4.5 uM. RA4
line produced almost no multi-shoots in early seedlings, and
3.7 multi-shoots were produced in 0.23 and 0.45 uM TDZ in
juvenile seedlings, but not at higher concentrations. Analysis
of the tissue culture seedlings grown by cultivating the
generated multi-shoots with Radish Foundation seeds using
SSR marker revealed a weak pattern of mutation in the
generated tissue culture seedlings, but there was no mutant.
In addition, in terms of root roots, both RA2 and RA4 lines
generally had the best rooting, number of roots, and degree
of root development in 4.9 pM indol-3- butyric acid (IBA).
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QA Q1 tFH AlS 71561 A| Shth(Waseem et al. 2009).

Raphanus sativus var. longipinnatus Bailey cv. Gungjung (F;)
2 A E=Z kinetin} BA (6-benzyladenine) & 2 2 o]-&-3t
shoot-tip culture®]] ¥+ & 3L7}1 2 Y & 1 th(Paek et al. 1987).
¥ A} kinetin 2.t} BAo| A| &3}7F ) £9kaL, o ¥l H Y
shoot-tip BA S mg/L7} 3 71l v &]of| A vRFgE wff 7
217¢8kaL dpp3lr} A 0. 74 -2 multi-shoots-& % /3 81T

QA 2| 2 Al ool ol o] 8% AL $li= TDZ (Thidiazuron)
2 0]-8-3F 59 shoot-tip culture= A7} 21 Y =] 2] $FQL oLt
o, WEeh(A Fe), B 5= 5 of 2] 2HEof A= o] 1] o] §-&]
o] FtH(Choi et al. 2019; Jitsopakula et al. 2013; Wang et al.
2009). TDZ-2- axillary shoot %2 1} shoot 2] & A2 & 213} 11,
BA®} zeatin] H|8fl B 2/ Bt ¥ F (<1 uM)=
A7F= f anbAol2kar dref A §lthNaseem and Mohammad
2018).
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Lee and Park (2017)0]| A] PICG}O] =& &A 2 A F+
EST-SSR primer 26 setsE screening 5}o] 371 2] primer sets
(RSS2047, RSS0015, RSS1146)2 415} 9 tH(Table 1). PCR
reaction mixture= Template DNA (50 ng/ul) 1.5 ul, Dyne Ready-
2x-Go (PCR buffer, AINTPs, DNA polymerase (DYNEBIO, Korea)
7.5ul, 5X TuneUp™ solution (optional) 1.5 ul, Forward Primer (5
pmoles/ul) 1.5 ul, Reverse Primer (5 pmoles/ul) 1.5 ul, Distilled
water 1.5 ul2 A A 15 ul volume &2 5} 93t} PCR 7] 7](T100
Thermal Cyclet/BIORAD/USA) %712 Pre-denaturation 95°C 5
12, denaturation 94°C 302, Primer-annealing 55°C 30, Extention
72°C 602, Full-extention 72°C 102 © & 35 cycle Z+5 A Fi Th.
A7 95 2AL2 3% Agarose gel (0.5X TBE buffer ©]-8)9f
180v 60 minS = & 23519 th

BA 2228 0|25t £ A 59 3E2} 429 shoot-tip culture
k=l

RA2 759 BA 22 t 2| A §- H O A= 044 uM & A 9]
gty skoA FAAHCE §94 A @2 multi-
shootso] FAJH A O R YEFO U JH O o= BE &
oA FAH SR o)A o] YERA] ¢hol T2 4=

o2 a7 gle 22 2 UE S TH(Table 2). RA4 A5 2] 7
9 U R4 BA B2 2o ta BAHL fo4
o] LehLA got BB SZe] B B3l i Ao
UEFTH(Table 3).

RA2 7§ frEol A= BA 133 uM 7} vz 0| A <t
147702, A H 2 H2BA 1.78 uM A7} v x| o)l Al H 11.3
W= 7Hg &2 7)1 4=9] multi-shoots©] 4 =] Sl e} 21219 &
Lol A 74 g2 4= 2] multi-shoots & AU AITTBA T =
5 = o A3 multi-shoots 7| 8- o) A 2 2} o]
7} 91 thH(Table 2). E3F o 7L o]| A = shoot7} BHAY 5}
t| ©]+= shoot-tip= v A] of] 2] 3k wff A3 A o] 7]
O 2 FHT RA4 A Fo| A = [ HLU A oA B
252l A A FY el A HAtel 7 gAY
oA BA2.22 uM A7} wj X o A B 1172 7 &
multi-shoots7} & A =] 1 17, A H.of| A= BA 1.33 uM & 7} Hj]
Aol A 4t 13.77] = 7H E- multi-shoots©] 3 /d = 3l th
(Table 3).
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Table 1 SSR marker information on the 3 EST-SSR primer sets used in this study

Marker name

Forward primer sequence (5° — 3°)

Reverse primer sequence (5 — 37)

RSS2047 CCTCAGAAACGCCAAAAGAG
RSS0015 GRACCAAAGCGCAAACAACA
RSS1146 CGCACCGTCAACTTCTCAG

ACAGGTGATCGAGTTGTCCC
GTACCAAAGCGCAAACAACA
CATGGACTTGTGTACGCACC

Table 2 The effect of BA and TDZ on induction of multi-shoots from shoot tip explants of Raphanus sativus line RA2 after 6 weeks

in culture

Average numbers of multi-shoots per explant

Explant Age BA (uM)

TDZ (uM)

0.00 0.44 0.89 1.33 1.78

2.22 0.00 0.23 0.45 225 4.5

Early
explant*

0.0£0.0° 7.0 £ 1.5° 127+ 1.7 147+ 0.3 13.7£1.9° 123+ 127 0.0£0.0° 3.0£0.6* 7.0£1.7° 0.3£0.3° 0.0+0.0°

Juvenile
explant**

0.7+0.7° 10.7£2.0* 10.7£2.8* 8.0+£2.5° 11.3£5.4*9.0+£2.1°[0.7+0.7° 03+03" 3.0£0.0* 0.7+0.7° 0.0%0.0°

*Radish plant shoot-tip, 5 day (leaf no. 2 ~3) after germination.

**Radish plant shoot-tip, 30 day (leaf no. 8 ~9) after germination. Values are means and standard errors of 3 replicates with 3
explants per bottle repeated 2 times within explant age for each treatment. Means followed by the same letter in each row are
not significantly different from each other (Duncan’s Multiple Range Test at 5% level).
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Table 3 The effect of BA and TDZ on induction of multi-shoots from shoot tip explants of Raphanus sativus line RA4 after 6 weeks

in culture
Average numbers of multi-shoots per explant
Explant Age BA (uM) TDZ (uM)

0.00 0.44 0.89 1.33 1.78 2.22 0.00 0.23 0.45 2.25 4.5
e)i;;lr}l/t* 0.0£0.0° 7.3+£2.4" 10.0+0.6* 6.7+£2.8* 6.0+3.2%® 11.7+£0.3* 0.0£0.0* 0.7+0.3* 0.3+0.3* 0.0+£0.0° 0.0%0.0"
Juvenile b ab a a ab a b a a b b

explant** 0.0+£0.0° 4.0+£1.0° 103+£1.9*° 13.7£0.9° 7.7+ 2.7° 123+ 5.0°/ 0.0+ 0.0° 3.7+1.2* 3.7+0.3* 0.7+0.3° 0.3+0.3

*Radish plant shoot-tip, 5 day (leaf no. 2 ~3) after germination.

**Radish plant shoot-tip, 30 day (leaf no. 8 ~9) after germination. Values are means and standard errors of 3 replicates with 3
explants per bottle repeated 2 times within explant age for each treatment. Means followed by the same letter in each row are
not significantly different from each other (Duncan’s Multiple Range Test at 5% level).

7HES & 4 L%l Th Pack etal. (1987)-2 F, &% ‘Gungiung
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E3FBA 322 7t v Ao A aFE A=A o FEol
A ) 29} vl w8lo] ¢ Fo] FobA|= Ao e e
ol&=BA T 29| 3o w FAHH} o] 23t F ¢ RA2
AZol| A sHAlsHA LreElyTh RA4 A5 9] A9 ABx9]
BAZ} 271l v Aol A= 1 o) |7t A o] 2|7 BAY
FE7t oA gFo] Fobxlth olHet A
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Zolx| = - FHAlo] vElytthal B 1159l 3l Coscinium
fenestratum 7] U ulf QFof| Al &= =2 BA F ol A 2L £ 9
2 7}R| v A Ao A &) E multiple shoots B 2] & & A 3 Th
1 K 151 th(Moretti et al. 1992; Senarath 2010).
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tumor7h & A 51 91T, AR AHAE tumore] o] uHgke] A
multi-shoots7} & A =] o] multi-shoots 2 ¢18) ZthH o] v %]
2 S A& dAbo] g i dojgtt BAY TDZS 37}
ok vl oA B FE FEF AR AHEA A HEE
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and Dodueva 2019). 0] &gt FAAFE vFLfLE Q] o g 4] of A
T oSt 5= BAPZE Z3HE AE S} v A of A Thekgh
meristematic tuberZtS L2 & A} 2L, BFUL} shoot-tip
ufj ko] A &= shoot 4] 52t Tuberd2 L2 7} shoot2] 7] A
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tumor®] H4Jo] 4 A9k, RAS AT AL o9 e
tumor7} A3 45174 L G131 tumor of] 19 2 #el = 914
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Fig 1 SSR marker analysis of multi-shoots plants using Raphanus sativus lines RA2 and RA4 of BA and TDZ hormones. C: mother
plant; BST1:BA shoot-tip multi-shoots plant 1; BST2: BA shoot-tip multi-shoots plant 2; TST1: TDZ shoot-tip multi-shoots plant
1; TST2: TDZ shoot-tip multi-shoots plant 2, DNA size marker (MW: 100 bp)
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Table 4 The effect of NAA and IBA on induction of roots from seedling of Raphanus sativus line RA2 and RA4 after 7 weeks

in culture
Type of growth Conc. R(E(.?/Ei)ng Averager or;l:[lsmber of Avei?)%fs lzlﬁ[)h of Lateral root
regulator (uUM)
RA2 RA4 RA2 RA4 RA2 RA4 RA2 RA4
Contol 66.7+03 333+03 240+85 12.0+40 94+34 7.1+£24 Tertiary Tertiary
NAA 0.5 66.7+03 100+0.0 140+62 13.5+47 103+42 12.8+45 Tertiary ~ Quaternary
2.7 100+ 0.0 100+ 0.0 16.0+7.0 1.7£0.7 8.8+3.8 32406 Tertiary ~ Secondary
IBA 4.9 100+ 0.0 100+£0.0 153+£24 157+10.1 133+1.0 10759 Quaternary Quinary
9.8 66.7+03 66703 255+8.7 7.0+2.9 13.5+53 9.2+3.1 Tertiary Tertiary
ANOVA?
Line ns* ns ns
PGR ns ns ns
Line x PGR ns ns ns

*Not significant. YANOVA was carried out for the effect of line and PGR on rooting of R. sativus L.
Values are means and standard errors of 3 replicates with 3 explants per bottle repeated 2 times within explant age for each treatment.
Means followed by the same letter in each column are not significantly different according to Duncan’s Multiple Range Test at 5%

level.

()

Fig 2 The effect of NAA and IBA on induction of roots from seedling of Raphanus sativus line RA2 (I) and RA4 (II) after 7 weeks
in culture. (A) MS (control); (B) MS+ NAA 0.5 uM; (C) MS+NAA 2.7 pM; (D) MS+IBA 4.9 uM; (E) MS+IBA 9.8 uM

o353t Ad A
B2 dYE AT Ae& AHE8H3ITH BA &
EEARRO A9 RA2 A5 F-H o A= BA1.33uM 7t
Hj 2] ol A <t 14.6771 2, 4 2.9] 79~ BA 1.78 uM 7} vl 4]
o A B 11337 2 7F €2 7 4= 9] multi-shoots©] 3 A &
o™, RA4 A5 7 - 5ol A = BA2.22uM 7} 2] 9
A Bt 116770 =, /d Kol A=BA 1.33uM 3 7} v 2] of 4| 7
T+ 13.6770 2 7} -2 multi-shoots©] & A &] 91 A 9k BA =
sz gojazold Ag Aolst gt Ao Lepte

TDZ 522 AHG-9] 79 RA2 A5 TDZ 5 =7} 57ha 4

= multi-shoots 2] 427} Z7}8}od TDZ 0.45 uM 2 7} vl %] o] A]
7HAF w2 multi-shoots7} & A & 1 O (G- 7.071, A H 3.0
71, TDZ 2.25 uM F-E] = 7| 9] multi-shoots7} & A &] 2] ¢+
Th RA4 752 -1 2] 7 $- 7 ©] multi-shoots©| Y/ =] ] ¢
OF T A 0] A9 TDZ 0.23, 0.45 uM 3 7} 8 2] o 4] 3774 2]
multi-shoots©| A4 = ¢l O 1 o] /49] FE A= 1o
A 9} o] A = A] okttt A8 /d % multi-shoots = 7| o i &F
sho] et 22w FH S SSR markerE ARE-5to] YEA
T v B A S A A A 2 A e o A] Wo] o] At
of oFstA| Kol Aol oy Sl A & Vehdt A2 ¢l
AUk E3F Fe] d2of 9loj A= RA2,RA4 A5 K57 HiA|

20 2 IBA4.9uM H7He v Al of| A g, ] =, e
g AL ol M F: U
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