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Cytogenetic and Histological Characteristics of
Ginseng Hairy Root Transformed by Agrobacterium rhizogenes
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ABSTRACT

Ginseng (Panax ginseng C.A. Meyer) hairy root transformed with Agrobacterium rhizogenes (strain
A,) was examined cytogenetically and histologically to assess its characteristics. The optimum gro-
wth of hairy root obtained in hormone-free MS medium (sucrose 30 g/L, pH 5-6) for long period
cultures. All hairy root strains (HB1, HB2, HB3) had the 2n diploid number (2n=48) of chromoso-
mes in root tip cells. There were no alteration in chromosome structure except in one cell of
HB3 strain. Results of SDS-PAGE showed a few difference in pattern and number of bands bet-
ween normal and hairy root of ginseng. The root anatomy of normal root and hairy root differed
cach other. The hairy root had a clearly defined vascular strand, and the morphology of cortical
cells were disorganised with large intercellular spaces.
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Fig. 1. Hairy root induced from root segment (A), stem
(B), stem segment (C), and embryo (D) of ginseng.
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Fig. 2. Hairy root (HB3 strain) grown in hormone-free
MS liquid medium.
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Fig. 3. Growth rate of three different hairy root strains
in hormone-free M5 liquid medium.
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Fig. 4. Effects of IBA and kinetin combination on growth
of hairy root in MS liquid medium. A, hormone-free;
B, IBA 0.5, kinetin 0.5 mg/L; C, IBA 1, kinetin 0.5 mg/L;
D, IBA 2, kinetin 0.5 mg/L.
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Fig. 6. Effects of NAA and kinetin combination on growth
of hairy root in MS liquid medium. A, hormone-free;
B, NAA 0.5, kinetin 0.5 mg/L; C, NAA 2, kinetin 0.5 mg/L;
D, NAA 4, kinetin 0.5 mg/L.

o] o] Aage] Tl Tyl Hopod sE=E 247}
A=A 6 g(AFHS B AAEo] 713 =4 btk
2] NAA<} kineting =@sle] 2ATs] Ak B2+
&7 2 vl wgt A7HFig. 5), 0.5 mg/Le) NAAS} 0.5 mg/L.¢]
kineting Z ek diz|ol A 2.3 g(AFH) AAES B
7917, 2mg/Le} 4mg/Le] NAA A7} WA Ne =4
<8 AE B3 & 4 gigdch w3k IBA, NAA =5
GEo 7 A7) sted2 wls 0.5 mg/Le) IBA H7} iz of 4
2] 2] AL Z7) A3, 6719 o] L] Ar|gt
kAl 938 FEE FAr} AR o e RS
Aylen, NAA A7) wi=] o) A& Q3] distgciAlE
u)A]A]). Yoshikawa®} Furuya(1987)= <14} 7Z32|2el4]
f2y wAazel AL 2 me/Le] IBAL 0.1 mg/Le) kinetin
7L WA A A 22 AFEE B e, Ko
5(1990)2 leaf disk 7f=pHoE =% <l4 makzel
AZEol £2E FA7L wAA A Foha sgi=d),
AT AAe 27 2479 siok) 0.5 mg/Le] IBA 37}
A7 222 57} iR} 2akRe] 2o 4AES
Bof FARE A7) W) FA] BARZS] Qo] Frhsle],
328 B aA)ey BAZe] A& Exjsiy] Aakgg =
Ko 5(1990)8] ZA#e}l {Alsleich

HMHe| = § F=EN w0| Z=AL olike] o4
T 2n=48°]0], o] Fol A F o] % FAA & 234(A<ch-
romosome)e]il HE ©]FA Eitzle] 14 (B-chromo-
some) 2.2 B-chromosome2 3hle] & J4A@<} a2
qYA(b)2 FA4H ) gleu(Lee and Hong, 1980), =A-L
Zk7}e] strain®] g4A = 2n=482 FHeal=e] g4
Folle Wyl gdvkFig 6). 2312 2% 234e] A-chro-
mosome} 144¢] B-chromosomeS 7}A 3 9lgivh. Z2vp},

il

Vol. 36, No. 1

A L
o '
A}"“x I ‘4‘:‘) wr M
LS F B
L
& ”
k 4t 1 ‘:l
“ & Q.&i .r: o
“ ™
. q‘q * ﬂ. iy * #"
M v W e, *w
*
e W
o »
w)‘
B &
"~y
.
Y
R R )
v “
"
c .
i,
L
*ur
' w, T
L y W ¢
. ] -
i Ll '
» W= ol
1 » ¥ o -
r ‘{u‘ ve ' ’
- ™ LIy
A - n* ¥ 'y

* . L » by %) (
Fig. 6. Photomicrographs of somatic metaphase chromo-
somes of ginseng hairy root. A, HB1 strain; B, HB2 st-
rain; C, HB3 strain.
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Fig. 7. Karyotypes of somatic metaphase chromosomes
of ginseng hairy root (HB1, HB3 strain). A-W, A-chromo-
somes; a and b, B-chromosomes.
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Fig. 8. Electrophoregrams of one dimensional gradient
gel electrophoresis (9-12%, SDS-PAGE) in ginseng pro-
teins. Lane M, marker protein; Lane N, 5-year old gin-
seng root; Lane C, ginseng callus; Lane H, hairy root
(HB2).
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Fig. 9. Transverse section of 3-4 mm below region from
ginseng root tip. A, native root; B, hairy root (HB1); C,
hairy root (HB2). xé5.

veElel & A4k el AEEL AAAHY SBEA 9}
TETES s A% AT 2707} 3z FdstA
e} glov maze Agy dde sl o
3] AA7) TR stm EulTFEr) whgE ] glA) who,
HE frAZ59] Hee wde] BEEsizm A=z7)Te]
¢ ZA dd=lo] 9l gl ckFig. 10).

242 HB13} HB2 straing] v]d@e| A& HB1e] HB2
of vl3ted o] F3=o] glglon], BA] efihe A B
2o el FU3lhrkFig. 11). Webb S(1990)-& Trifolium
repens, Trifolium pratense, Lotus corniculatus®) 5=



80 Korean ]. Bot.

Fig. 10. Transverse section of mature ginseng root. A,
native root; B, haixry root (HB1); C, hairy root (HB2).
X 25(upper), X65 (lower).

Fig. 11. Developmental stages ol lateral branch formation
in hairy root (HB2). A, during of lateral branch formation;
B, finish of lateral branch formation; C, new premodia
for another branching. X 25.
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