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Transfer of Genetic Substance Through the Cell Wall of
Geranium (Pelargonium zonale hybrids, ‘Pinto Scarlet’ ) Callus
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The possibility that DNA could move out of the single cells isolated from geranium (Pelargonium zonale hybrids, ‘Pinto
Scarlet’) callus was determined by the electrophoretic DNA analysis after treatments of low pH, various concentrations of
KNOs, 24-D, and GAs followed by the centrifugal force, all of which are known to affect the physico-chemical properties
of the cell wall. The centrifugal force of 1800 x g was needed for DNA migration after the above treatments, but 7,300 x g
was required without the treatments. In this experiment the optimum concentration (300 mg/L) of sodium dodecyl sulfate
(SDS) used as an anion detergent to collect the negatively charged DNA was very critical not to damage the cell wall. It can
be concluded that the centrifugal force played a key role for the DNA migration through the cell wall, and the treatments
of low pH (4.0),0.5% KNOs, 1.5 mg/L GAs and 1 mg/L 2,4-D further increased the DNA migration,
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BA 1 mg/LE &3 A% Murashiges} Skoog (MS) ¥}
A AH2E F71AFF



30 Korean J. Plant Tissue Culture

dqrz2 BH HMZ 2

$719 AAae A olgotel Fe 2oz B
E31 o]A-L 0.3 M-sorbitol washing solution[ WS(KH2PO4 22,
7 mg/L, KNO3 101.0 mg/L, CaClz - 2H20 1480 mg/L,
MgS0s- 7TH20 246 mg/L, KI 0.16 mg/L, CuSO4 - SH20 0.025
mg/L)] 2 mL7} o] Q& 10 mL Al@H22 F7 vortex
mixer2 FEZA AAZ] Fo 0 pm JIEFLE ¥
A7)E Aok Jd-2 1000 x goll A 127 U4 -Fe 3t
&l =] pellete]] 0.3 M-sucrose WS 2

2 Jlsle F=A "eA H L0 x goll Al 3051}
dAEYste E4ES AASRAEY o 3% 34 wHE
sl A2E DA A FAH

sDse| &Y T A

A Egtol} Al X o] SDSe| oA &AL HE 4+ 9
7] dFol SDSY| HA F=F AAs7] Hstd A Rl
HF5EaA 500 mg/L, 400 mg/L, 300 mg/L, 200 mg/L,
100 mg/L7} =% 77t A3t S el FDA staining' 22
Axe] FNEE AAAHL2 2481 DNAE -‘?—"41?}_1
A AEG &3S FA 4T AFHA2ZAY 4gE £Y
& 4 gle SDSY AA FEE AR
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K*9} $20le 32 B7) 93led MSjA| oA KNOs
kS 2] sH(KNOs 01%, 05%, 1.0%, 2.0%) ¥jAE pH 40
3} pH 58% 7zt 24383 o] £} Smle] Fejd AEF
HeA 71T A7) Aol e A9 FHEE FAYL
o K+ %o ©8 DNA $2&%5 27) YA pH 58
A%t DNA AEAEE FIskc AL A2 29
2 17 984 M EE pH 589 05% KNO3 MS 49 5
mLol| 1417} 248 % 1800 x g 4000 x g 7,300 x gollA
A #elsld 4] A7)e] @& DNA frE3H%E £
AFsledeh. GAse} 24-De] E3EZ B7) $1#A 05 mg/L, 15
mg/L, 30 mg/Le] GAs¢} 05 mg/L, 1.0 mg/L, 20 mg/L9)
24-DE %3shs MS 4% pH 582 2AF F o7]d
AZE 12 Ae)shg
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r Zold AERe Mol WAL AL ol euw

ohvet AA|zhe| 247 W o] AHeE HFL
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B2)s| W3 Drapers} Scott(1988)2] wlwe) wz} DNA
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Figure 1. Single cells from callus and different viability observed by
the FDA method. A: Single cells isolated from geranium callus
B: Single cells with good viability C: Single cells with bad
viability caused by the treatments of acid, K¥, SDS or
centrifugation D: Single cells disrupted with the treatments of acid,
K+, SDS or centrifugation.



SDS% cetyltrimethylammonium bromide(CTAB)$} 7
A EH 22 F DNAE FE3l: FHAM mld AEx
Z+5o] Eo] 9l= DNAZ FE8Ho=2 Hoju7] Y A&
8= ol A& A2 A (Draper and Scott, 1983) w4jAl-&
AAsE TEE 7] dFol AxETge] A4 F4A4&
AT 24 wepiE AEEE 93938 4 9ld o
2HA SDSE FEEE A7 g AXY FAHIE
ZAE 23H(Fig. 2) 300 mg/L o] 3ol M= XA 571 A
A5k 400 mg/L o] 4Fe] 7ol 5% FHE HAe] A3}
A Do AR ofet A xHY F37) FEAHST duAL

2 AEHEA DNAE F2dd ASHE SDS 32+

1-29(Draper and Scott, 1988)1d] £ AlgeAlel 7ol 9
A Ao M Axgrez §E5H AEHd
Eo] & Ao2 A7 oA DNAS sl 3%
= AEE 93 4 T2 A F83 99 2
‘—1’1—2 DA ER BHET 100 mg/L o|3}2] SDSE AHg-3leq
DNAE A%3te Feabd 2 8o dA3A FHaFo
A7) ANAM Aol 75 3492w 200 mg/Loj A <}
7t AEHA T 300 mg/Le} 400 mg/Lej A= DNAZF & 3%
Z5917](Fig. 3) WFell & AFAA AEHe Eejziss
A E 3 Fo DHEZFE DNAE F ¥ SDS
HE5 %7}t 30 my/l =S FAYD AE FHHFAES
FEsM AAYE Fejslr] Hg dAEe AzEE 3RL
2 Z—]gHI:]-

aeut ole} 22 FAL AEL FA o K24 Tl
et Feld e Ay7hEd.
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Figure 2. Cell viability change with time, influenced by the various

concentrations of SDS.
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Figure 3. DNA washing efficiency and SDS concentrations. M:
Marker(mix of pBR 328/Bgl 1 and Hinf 1) Lane 1: Washed with
300 mg/L SDS(fltrate from single cell preparation, at 1000 x g)
Lane 2: Same as lane 1 Lane 3: Washed with 200 mg/L SDS
(7300 x g) Lane 4: Washed with 300 mg/L SDS(7300 x g)
Lane 5: Washed with 400 mg/L SDS(7300 x g)
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A ZHe AHdEAtel DNAZF 942 whx er] ¢4
A AEAe F2 AYAY Hoe: H I
3 %}wﬂﬂﬂ olgt AZH7] wEo] NEHE &3
(cell wall loosening) &5 &7} i dejzl grix|
2959 EHE ARG

MSwAZ pH 20, pH 30, pH 40, pH 58% 77} 243}
I 7)o AZE AXHAYsS At AP npE A=
WS FDA Wiz 3Est 23 pH 20 o]steA e A
A F A7 ool HHEe NI} S WA 4k
ow AEe A7t HIEE FAY £ sidH. wEA
pH 30 o]ideljA] A4 -Eel31ed(7300 x g) DNA £ Ad
< #3331 v}, pH 300 A= pH 403} 58] ®]sjA] DNA
7 B4 o @o] AAHAEY (Fig 4) ol & Fdoe
of o3t AEH] dzFd ez gl 2} pH
30 oA 2] M EZAo] pH 40 Rep= A 4& ¥ojg A
zHe Al dstelA 71dd ¢ gl HEAd o
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40 oAl Al Ak Wu 5(1983)0] Algx|9 Aeio]
A B8 MEE pH 20004 1412 Hedt 5 gg +
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Figure 4. pH effect on DNA migration. M: Marker (A DNA/Hind
III) Lane 1: pH 58(7300 x g) Lane 2: pH 40(7300 x g) Lane
3: pH 30(7300 x g)
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Figure 6. Time course of cell viability change with the KNO3
treatment at pH 58
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Figure 5. Time course of cell viability change with the KNO3
treatments at pH 4.0.

Figure 7. Effect of KNO3 on DNA migration. Lane 1: 0.1%
KNO3(pH 58, 7300 x g) Lane 2: 05% KNO3(pH 58, 7300 x g)
Lare 3: 1.0% KNO3(pH 58, 7300 x g) Lane 4: 20% KNO3(pH
58, 7300 x g M: Marker(A DNA/Hind III)

A Ao a7dd.

g ez E4q 9L 7leld AW AREAE
gte g o FAA 4 A dallde A d79 vt ¢
Ak AEAES n|EZERolE YA 3] AsME
10,000 x gol| A 1047+ 1Al F-2)sllof 3} wbdol] &2 600
xgoll A S5¥-7kel™ Z¥-35lch= AM(Anderson and Beardall,
191)-& 7zheksbd Wu §(1988)¢] @2 pH(20), ¥ =
(01-02 M)¢] KNO3E A3t ¥ 4000-6000 mpmo2 ¢4l
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Figure 8. Individual or combined effects of K* and centrifugal force
on DNA migration. M: Marker(A DNA/Hind III) Lane 1: 7300
x g(with 05% KNO3, pH 40) Lane 2: 7300 x g(without KNO3,
pH 58) Lane 3: 4000 x g(without KNO3, pH 5.8) Lane 4: 4000
x g(with 0.5% KNO3, pH 4.0) Lane 5: 1800 x g(with 0.5%
KNO3, pH 4.0)

Z7 o] xgRH 2 B715A] Adskr] dFel A vz} B}
T 2 AP A9 KNOGE #7182 942 pH 58 o
Aol MEE HEAA 4000 x g9 7300 x go] YAHNE
2ot V2 Aelst A 400 x gl M DNAZ 3 4
AN® Hhde]] 7300 x goll A= DNAE & = glsled,
pH 40614 05% KNOsZ #2)8 A Z= 1800 x gl A 94
2gs = DNAZE @3l (Fig 8). 3 pH 407 05%
KNO;E Mg]alal 7300 x g2 A X PSS 4T o159 §
5 Eab) e o DNAZ 235982 & 4 ol
(Fig. 8). 4000 x g¢} 7300 x goll A FAF2s F A2 &
HEE 4279 BN Hoe Ao glol Grshgort
10000 x g o]AollA HAEY AL At 94 RAA
A5 AZe) il 24 B AL % + UL

o] UYAH oA AfE=Ie] DNAZF M2 vt
22 g A5 d43AdgaHplasmodesmata) & 5
Aolen A%st o] el FAANE ¥oz o 4o AT
7} B83ga Azkxch Symplasm 7Hd(Ting, 1982), ¥+
Z(Robards and Lucas, 1990: Robards, 1975) %] ZajjA}=
o] dTHe] slon A7 40-60 nm A Eo] L A XY
D mmeg o QU 2 Aoz dAA Aot
(Salisbury and Ross, 1992). DNA7} Al ¥ 908 o] EHE
ko]l A3 MEHO ZAAME AdHE7] AT
MEAZANA L] viola]a o] APALIA F29
“movement protein” A} 33t-go] 2] 8]A] o] Fo] X m(Lucas,
1993), JAA s EA Q) azdert AA¥A = APA A A
“size exclusion limit”"& 3A] 7} o[We]l 800-900Dasl| A 5-
10kDal.2 7}A] Z7}A]Z1b= X 1(Robert and Lucas,
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Figure 9. Effects of GA3 and 24-D on DNA migration. M:
Marker(A DNA/Hind I1I) Lane 1: 05 mg/L GA3(pH 58, 7300 x
g) Lane 2: 15 mg/L GA3(pH 58, 7300 x g) Lane 3: 30 mg/L
GA3(pH 58, 7300 x g) Lane 4: 05 mg/L 24-D(pH 58, 7300 x
g) Lane 5: 1.0 mg/L 24-D(pH 58, 7300 x g) Lane 6: 20 mg/L
24-D(pH 58, 7,300 x g)

198)E Tefshd A= 22 94 L 9FdA 7}
o F4 YA 2k 299 4 ke A
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AEH FA4 AT Rz HE JEAE I
Folh 32 193 pH 59 FA4 44718 2 ool
A A 4o Awing $HF E719} S50 A A
s o 249 AT 2Hfee space)S] pH} o 0 Fol
149 743l o] FAFE auxine] 93 M E2| AA} 2
A #H "} (Jacob and Ray, 1976)3].2.1}, Coartney$}
Morre(1980) 3= Al E7to] =X Ao] vzl Hl7ky
Aol FHE dL77] e FEHE A 2AE 4o
Yot AuxinfF2A e 44 23 9l 24-DE gyl
A AHE 5= 10 mg/L M23E 9 DNA fr&o] ¥ o
%ol Holx A(Fig 9¢ awne] o84 A2 S
o] &o] urEE 1(Rayle, 1973) o|ollu}E A EH e AbA 3}
(acidification) & 4| ¥ o] =<3 Zoh: ARl (Coartney,
1980)3} @3kl AL ALz W7

G AZAS) ALRI] 444 GFS T} AE
el pHE ZA2AFIAE A% A29E d3A7]Y 1
9 gAML ZIH 7= 37} olvH(Metraux, 1987). AM-8-
=1%ol 15 mg/LojA 05 mg/L Y 30 mg/L Bv} o @2
DNA7} &= Ed(Fig. 9) ol GAs A7l A 299
dslel] 2Hg3iche Bael ARAA 2d dAHq 43
FAEAL oo F7HHQ EAHE HF Fx ALz A
Z+gl e}
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