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ABSTRACT We investigated the anatomical aspects of vitrification in peace poplar. Comparisons were made
with regard to characteristics occurring between hyperhydric and normal shoots in shoot proliferation cultures
on MS medium containing 0.2 mg/L. BA. Compared with normal plants, hyperhydric plants had thick, curled,
and dark green leaves. Hyperhydric stems were thicker and shorter than those of normal stems. When examined
under the microscopes, the mesophyll palisade cells of hyperhydric leaves were vacuolated, whereas those of
normal leaves contained normal and enriched vacuole with cytoplasm. Generally, the hyperhydric leaves showed
poorly developed palisade parenchyma, and revealed irregular and bigger sized intercellular structures in both
palisade and spongy parenchyma as well as epidermis cells compare to those of normal leaves. In addition, the
hyperhydric leaves had lower stomatal density and bigger sized cell. Vascular tissues of hyperhydic stems were
less differentiated because of poorly lignified xylem tissue. The greatly expanded cortical cells and pith appeared
to be the main cause of thick stems as compared with normal stems.
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Peace ¥E# = Populus koreana$} Populus trichocarpa (Pack et al. 1991; Olmos et al. 1997; Ueno et al. 1998,

Alolol| A A A o7 A wRE o 7 7]Fo] 3 CO,, Thomas et al. 2000; Kadota et al. 2001). o]&]3} &Ato|

T, 05 59 st wiztete] 34 B A A+ TS aRldE el FE 834 a9 2%, %

o] T8% 7o duA e (Furukawa et al. 1990; T, FEER o, o, wiA W P18, R, AEEA
Park et al. 1995; Ridolfi and Dreyer 1997), =9} Kang E

T (2004)2 o] £ES AEE FHAIS TS NES F g3k o2 Bex] Ut (Debergh et al. 1992). <
Fo AL APsAE AN ek A oleie AAS wAa SATFoRA i3 A
ZAMGA] AR5 A Ao, Al 2 Zol U] o|Fo] Am Utk (Marga et al. 1997,
5 2 9 QddaE g FEAZY tighdde] glojA] w Piqueras et al. 2002; Whitehouse et al. 2002; Kadota and
Niimi 2003; Mayor et al. 2003). %285 #2-2 1}4=3}
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29 A Fo| FholA, 7R, Simmondsia chinesis Schn.
oA #3E vl 9t} (Olmos and Hellin 1998; Apostolo
and Llorente 2000; Picoli et al. 2001).
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o] 3% sucrose, 0.3% gelrite (Slgma) Z1#]¥ MS (Murashige
and Skoog 1962) 71EHH7<], 5o MSH]#|9] BA 0.2 mg/L
s Hrse Az E4E RESAL o HAolN 4

A E719} At © E7 l% ATk AAA = P 7 4
M At 1092 wjFalnt. wixle 7 A pH
572 FAste] freld (6x1lem)dl 30 ml¥ 253 F
121 C°ﬂ/‘1 2023t agk 2t skslh HH"‘O SH2CE fr

2 %)= vk A 1Y 1647+ 40 pmol m? sec’¢] Br &
g skadrk.

EA 54 vuE A8 st @ dI Y A F
A2 FRE ok 0.3x03cm 272 ZAEA] 2.5%
glutaraldehyde 2} 1.6% paraformaldehyde’} 35 3174
o 2448412 <k 4T TANALL. T4 F e
g%t )2 Technovit 7100 (Kulzer, Germany) 2.2 %5,
Zofstgich Zuofa)zl EE-L microtome (Leica RM 2165)
& o] &3t 3 ym AV]R Fe} Sefo|=o] IAAAT 1
231 0.1% periodic acid®} Schiff -£-<4, 0.05% toluidine
blue OZ G4 &, 38 n)7] (Leica DMR, Germany) 2.2
FA5G T (Yeung 1999). £7]9] afj5-3 SA4v|ae ¢
3 E Az AR F7)9 A7 vlo)E 2k 04 cm 2]
2 Agste] Av)e ¥whHoz ##sYtl 3 SEM
(scanning electron microscopy)S ©]-&3F 7| FEA ZALS
Al sl @ A3 A dg 9F 0.540.5em A2
Zeka o fHo] Y2 sl dhed stubell TAHAF. T
S A2 s (Ilishin DF9010, Korea) oA 3A17 52
3 5 FAAZRINA 1A B HEAF]| L ion spotter
(Eiko IB-3, Japan)ol] o] 7 mAo|A 587} goldZ HE S

& FAPAAIE T (AKASI ABT 55, Japan)& AH8-3H
500u) 9} 1500u)¢] Hl&= WA

Hj % 157 5 HolRFE shooto] A7go] A|ZHE|$L L, 2-3
o= BA 0.2 mg/L A71sh x| o] AH A T}l
=5t 457 & 5% shoote] = AW o 2.87]=
Z1EuiA] Hoh ok 3u) A= FAE Ao yeihth v
o7 ZAHE 2719 o 10%e #53E Yehl=d
olgigt &7+ A4 E7|Er; AH 7 shoot 7 B2
Aoz velyth 2y A5 o R vwelS W st
H E7e A4H ARG 28 A= & Ao eyt
(AAL 28). ol g b= HrshE shoot7l A A=
o B3 MET el Frhgt o] FEE RSt )
7 o 2=y B8 9 23} (Park et al. 2004)
NME 722 At Bad b vk FEA] S gl
ME 358k g o] A oI g FA T, A
3 =4S g gk Ada FoA A F719]
gy oA ® I3} d 2AS o] B Bt T4,
Aol e ATkS BTt (Figure 1). 238t ¥ Ao
YEltE olefd Feld wlole 7| olete 587
of o3t oje] gae] & wiste) ol Fte 22 tiA}
28] Wl 71dshs Ao g d#ix 9lem (Chen and
Ziv 2001), Debergh 5 (1992)2 A&+ 74 zA0
B 7|7 whet Feest @] =7} o2 A vehARE
AR Q& FZ5 AH, oA i FHIEA F
AMA7 F3 E7)E Aol AAY Arhar st 2 A4 4
Ho} FARSE #EE AT
FARRAE v H o & ¢l xHE ##
2), 718 9A] Bdle] et ME o2 EA4E 2ok 3
73+ ® A9 7132 AN A viEiA 277 3 1 F
HE BRI e MEE ¥gesleH (Figure 2B, D,
4B), 7182 B =LA open¥ o] ATt (Figure 2B). 71¥
o MHe FHEAEY FHAZLE EAL e FHA
o] FHI} AFEYe] Aol o] FofR=d st @ AE

ol

.._4

m o%

Figure 1. Normal shoots (A) and hyperhydric shoots (B) in Peace
poplar in vitro. Shoots were cultured on MS medium with 0.2
mg/L. BA. Hyperhydric shoots (B) showing abnormal shoot
multiplication.
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Figure 2. Scanning electron micrographs of stomata. (A), (C). -
Stomata in normal leaves with well formed guard cells; (B), (D).
- Stomata showing abnormal and bigger size guard cells in
hyperhydric leaf. (A), (B) Bars = 40um (C), (D) Bars = 13.3m.
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Figure 3. Size and density of stomata in normal and hyperhydric
leaves. Stomata density was calculated as the number of stomata
per mm’.
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1999).
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Figure 4. Transverse sections of normal (A), (C) and hyperhydric
leaves (B), (D) stained by 0.05% TBO. (A), (B) bars = 50um (A)
Arrow indicates cuticle layer and normal subsidiary cell. (B)
Arrow indicates abnormal subsidiary cell. Well arranged palisade
cells in normal leaf (C) and vacuolated cells in hyperhydric leaf
(D). bars = 20um.

Table 1. Quantitative analysis morphologic data from normal and hyperhydric leaves of Peace poplar.

Epidermis Palisade Spongy
Width (ym)” Length (ym) Width (m) Length (gm) Area (uf)
Normal 14.1 + 3.6 107 £ 1.5 11.1 = 2.1 209 +£ 2.8 208.3 + 71.9
Hyperhydric 213 + 7.2 1.7 + 1.8 16.7 £ 4.5 27.5 + 4.9 348.7 £ 125.2

* Mean valuestSE from at least 10 separate preparations of normal and hyperhydric leaves are shown.
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Figure 5. Transverse sections of normal (A, C) and hyperhydric
stems (B, D) stained by 0.05% TBO. Comparison of normal
stem (A) with hyperhydric stem (B) in size. (A), (B) bar = 200
(m. Cortical cells and pith were larger in hyperhydric stem (D)
than in normal stem (C). (C), (D) bar = 50 um
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Table 2. Quantitative analysis morphologic data from normal
and hyperhydric stems of Peace poplar.

Area (uf)
Stem - -
Cortical Pith
Normal 594.95 + 186.44" 83540.17 £ 7264.90
Hyperhydric 1746.77 + 426.59  253514.11 £ 10792.50

* Mean values+SE from at least 10 separate preparations of
normal and hyperhydric stems are shown.
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