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ABSTRACT

Aspects of structural differentiation of the free-floating hydrophyte, Spirodela polyrhiza, has been
investigated. The hydrophyte exhibited highly reduced structures having only fronds, connective stalks, and
roots as a mature plant. The fronds were major photosynthetic and vegetatively reproducing organ during the
growth. Daughter fronds which developed early in the mother frond were also chlorenchymatous, but they
remained within foliage sheaths of the mother frond before separation from connecting stalks. Although the
stalks and roots originated from the same meristematic region of the frond, they exhibited the distinct polarity
showing former lateral growth and latter axial growth. Air chambers were formed only in the fronds and roots.
Cellular components were scattered throughout the diffuse cytoplasm in most of the actively growing stalk
cells. Root cells protected by the root cap demonstrated relatively complex organization, showing dense
cytoplasm with Golgi, rER, mitochondria, and chloroplasts in the cortical cells. Cells in the root cap were
highly vacuolated within the peripheral cytoplasm. Such reduction and differentiation of the plant body in
Spirodela polyrhiza most effectively contributes to the better adaptation of smaller plants to superficial aquatic

environments, while also enabling the rapid growth.
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olt} (Meijer & Sutton, 1987). o] &} Zro] SA2A]E-¢]
B £330 7)ol ¢ GEEFP T2 9
< sled AEA AAZ eEdAM A3
Lemna 3 Spirodela 5-& ¥ 25t oz} |4}
A= ofRo] F4rb do]dr)(Sutton & Ornes,
1977; Satake & Shimura, 1983; Ice & Couch, 1987;
Meijer & Sutton, 1987). o|&| 8 Fpso=2 Q] o&
o 24HT B8Y + Ak 54 A A%
Moz 2AME I 9T (Wang & Lewis, 1997), =& o
AT ofe £a R g Fo Az =4
o)1} (Klich et al., 1985; Ley et al., 1997), A E-x}13}
7V573 (Sand-Jensen, 1989; Wang & Lewis, 1997) %
= AHAHer JdFFHT glch HbE ol & AlEA
A 724 dFe 4F F9 9 (Witztum,
1974a; Klich et al., 1985; Leon & Sutton, 1987) 2@ <
Z A} (Witztum, 1974b), Z-o} (Newton et al., 1978), 2
2] (Echlin et al., 1982) SellA] 7f2kdel AF7} 430
Hel & oot

M=) Lemna 3 Spirodela 4 &2 )&
3} 2L gGaAle gl B wYE YA,
Wolffia 3 1 A} 252 G 25 745 e
Zx2 3249 AEAES WFA)ZoHAnderson et al.,
1973; Bernard & Bernard, 1990; White & Wise, 1998).
o] HeA EAJo| s Wolffia ¥ Lemna $2 o
8 el FEAsHA ATHR 3L, A 2
Al2A Q] Wolffia’s FxX o2 i3] d75e] 4
AAW d5AQ] vAHFE 9 AGAA EE Fol
795 ¢)c} (Anderson et al., 1973; Bernard &
Bernard, 1990; White & Wise, 1998). 7 &)1} (Spiro-
dela polyrhiza) T=3F 10mm W 2]9] &4% A EA=
2 Azbel wil$- wE g g3 @ FA5E
=2A BRuqiy pAAMER 2 geA oy wlE
38 gaA 2 ez PAE ot AEH=E 7
FHeo] FxHoz A AT ub gt o #
A7 ATt FPA F Bhol F28 7
235 gAY Y EdzAdA 7)dEA T
Aol o8] T3] R3hEe] gl AAARe e
5} e Fades s PelzA ag
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1. A9 M=

oz A7} 2o 10mm W e)e] 4% A EH)
& o) %= 7)) [Spirodela polyrhiza (L.) Schleid.]
L ANEE A SERF AFEA 2 oA A
o] A% Ex]oA 1998 5YRE 19999 109
A4 ARGt APA2 AR AEA 2R %
23 1~2mme] R A @ o e, 5~7
mme] A%g 2AAA, 10mm He)e) H% g,
AAA YA U dFAE AdAaz A
£t

2. ANEH=

SR F(TEM) o2 A7 Zhzhe] A,
, A2A 22& 1.0x 1.0 mm= A A3 eh A2
Z%]-& 3% glutaraldehyde £ 02 Al LA 2~
3A)17F AFAM 2 A3AAZ] £ 0.1 M sodium pho-
sphate buffer £ (pH 6.8) 0.8 152 7tA o= 33] A
et A2 oA 4°ColA 2% aqueous osmium
tetroxide (0sO4) SM 02 2~20A17F EJIAA|Z
%3 buffer $4 ez 33 A s (Kim, 1996).
1 & A8 30% acetone2 AlZtez 10% Abs
A2 et} A S X1 acetones} Spurr resin -§-Y
o] 3:1,2:1,1:1,1:28 EFH Fgdoz AL
A 1 AIZH X3k A2j=e] Spurr 4ol oo
Zojg AlgE 60°ColA 48417 ¥ Aspsidn
05~0.8 um F7)2] semi-thin section©. 2 A 2}5 o
0.1% toluidine blue -2} 33} &7 Zenalumar 3}
Hu|A o2 FAE Y. ©] S ©}A] Reichert Ultracut-
S ultramicrotome& ©]&-3}ed 60~90 nme] ultra—thin
sectiong A)zs}¢] 3 coating® 100-, 200-, 300-
mesh copper gridel] &2 2% uranyl acetate$} lead
citrate® ©]% A3 & Hitachi H-7100 TEM (7] &
e AQPATFE Aoz dFE S
FAAA A (SEM)2e.2 d3d A8 TEMHY
3 393 14 9 2SS AX 31 100% acetone
o2 33 MA¥5e] isoamyl acetateZ. X ZA|Z F 4
‘ColAl WA Bt o|F A COel 243t
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critical point drying (QAA A=) $4& HAT gold
coating® A]Zl % Hitachi S-4200 SEMe.2 33}
At

2
o

JAAE B 9 Rfol o3 75E 3]
* 71Hez o AT ZgAAA ¥AdE
sl e} (Fig. 1). |43A e Aol 6~7702 #
ME=2 23 B33 (anomocytic)e] 7)Fo] At
Aster, Aol 170~240um, ZF 140~ 18.0 um#]
713o] 125~ 1407)/mm? E-23}g v} (Fig. 2). ¢]& A+
ol A ES Aol £3] EHF: epicuti-
cular wax¥ A3 FAHA| Ak (Fig. 3), =
= AP E ¥E) wiS AT gk 3 o]Fgd
dexAe Az 9 fuzs Azz F3H97
dokom, AGAAY F&zAd e 22 AERI3
of Westgdrt (Fig. 4). YA 7t A st ok 4
$A1e] B3 do ] Wl RgAAlE Az
W=rt w4 gor, Yo x2E7] He on| =
A T3 dEAE AT (Fig. 5). JAA
7} Az B wel E23e 7|Ad e 339
on RINA oL AAFH 2 (Fig. 6), 71 & A
e d8AEE BFor wdstd YA FHE B
FAA st A& Q8AE JEA e
dubEe g 4~739] del@el=rt B AW 1
izt A gy o), dR BB A dSAE
2] ASel: vwy Z =WYAE O TPPi=
slgicl (Fig. 7). M ET Alzgol= A AgAL
7} o4 E2310 (Fig. 8), 4F A2 fxoj
92 sl g S35t shdAlzsl FHAV(Fig. 9), 2
A Z 2 o|PMZE WAL,

HHAL

2a)s) AT pIzANN 71Qsh) T4 9
s w218 $ael A ARAE ¥ 2 =)
7h ulsg AuEe) gAATE] 23z g W
o] Qe (Fig. 10). RRAANN 2Ryt oz 24
NG} AdAsh A Qs dAAE

F 3o dej2eir mgAAet AFAAAE B
At ol2gt AAA = 7|4 e] HAFHA gow F
&2 R S fAEGAT 92 7)5E i3
S8l dAA Azl HErL A9 wEEA] o
om EAE Az &7|B/Ee] A (Fig.
1), AR AzE) Az vlFe 936 oo
A vehhe 4 G0 924 T)5E s
3 5 ge|ZeA ReE dAA AEE 27RE
4% aAdse) Azde Yust WA 2ol
o} (Fig. 11, Inset).

el

A BN Erldee weEse oY B
v Sue Zopeld 2o Feldo] wshic
(Fig. 12). &-3te] #3}& #e)o] W) FAjd zs
Bo) 271 e 2o) AA TEHAA Gort
(Fig. 12, Inset) A58 Foll:= 1~2mme) F3 A
29 728 Rt 5 2719 Best 28 A
o1 AAZE B} A, 2H AYRIE Az
A AA=e} Ak o] NS TRATAE 45
o) QA EEsjel o), Relsh AR det 2
B2 AZEE Ao Gzsisel 47BE) Az
¥ F92 deju HzAL F4aTe] AAF g
¥3t27] el ZAG LExA M HEFELe]
A Aot e w9 whE Sxz AR
3,849 AW F4] AYHEZE 71EeE oA
E o]F Az Eo] U3 AzEdE st o7 A
xyoz R3FHG ojie) MEzRIL wi$ B
Z)3}gl o (Fig. 13), 27 el Al 5ol 7]
Aol A FAHA AR )] AL mE A=
 A45AE TR 58] el A3 Az
A Mzl zHa2A, FAA, nj2goeo}
Tl SAAMe=z PG (Fig. 14). ] Fo
AT FRES D ALHA AT, 53 FEE
g e FE oot el A& Ao
2 574 10~15mm 402 449 722
NZE =Y TBAEG B 5 Az o] A
Z Foed Ad dxg FAsAT (Fig. 15). 42
2 A" FFzAde o8 Ao AFFe 7jAle]
HEFHEE Alelolir PYAHGom e} THAL
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o AAZRE A Yol A

o &

Ay d3de] A FEG ¥7] Wil A4
AlgE BrlzAlelg 7S WEANA JAZTFE
2712 71t 2R BH & Fot ok He
2 FH3H Sl T AL HEA 2220}
A 7t22 AYAE Aoz dHAH Q= (o,
1997). o]ZA 49 Frl=A o 714 e, =27],
B E A} A Ed ule} o249 (Mauseth, 1988), S4~
" AFeintel QA3A 7 meld= sA A
el glof =22 AEAQ Hfel F23% A4S
Aoz FAHAG. 1P gl A8 o
SAE7E Q48 dREEe AR s 5Tl we
H bS50 GAs o] st Rl Ao 7]z 4l
At 5] 99 A EEL GE YA E9
1A AT e ofor AAEE sAll] WU
gre =02 Ho] 7]A& AsHAl o) (Rascio et al.,
1994). A FEHE JEA e 18 22t
7h =t ol AAAN ¥ RM 2ol B2}
t 45A A 22 fFHlHT =T d5A9
FZ+ Lemna (Beaumont & Grenier, 1980), Spirodela
(Formin et al., 1992), Wolffia (Anderson et al., 1973;
Bernard & Bernard, 1990; White & Wise, 1998), 12
1l Elodea (Rascio et al., 1994) 5] X Rgnax
A EN Bod v oo EF BE JEATE
& zel S FHsle] hANER HAY AH
AL At P =3} HYed o= $£39
QYA Bt Foz e FUAE B335 A
WA 7 4dEe] ST Wydesr iy
(¢],1997). A7) el v FH 7] Folvt wax Fo] W
daka] dded ol =d o8 FANENA FF
Hom vehhes A 9 shute|oh (Mauseth, 1988;
°], 1997). |§/4A 8] A=lellx B& Spirodela 2] 73
$-9} Zro] (Klich et al., 1986) E-F2| 3 ¢] 7]Fe] E3]
FEHAR. & dFNM 2AM 899 7] =]
17.0-240x14.0-180 um (Ze] x T)o. 2 A 1 mm?
A WAF 125-1407 FxIHT FY FolM o
(1990)2 20.0-25.0%x12.5-17.5 um 37|28 7])Fo°]

152-1627)/mm? £23kc} 1 ¥ w3k v} glet. 22
2 AYM AR 7Y 2] L uleE: Y £
9] g2 AZAdA A Z7]) Y Exiee] o
F5 A oA germa, ol AEA} M43}
' 7] 92 £F #76d 93 7)dd Ael= Als
Hsieh

Nreihe] QAAIES 26N 713 |42
At 9Js] AAE e DE)SoA 2gdA F A4
A Eedd 943758 i3] s 94
AL A Eel = Az FA o] mu]slu HMEAe] FA
5o glov}t A A NAM Aot o]t A}
o dsiMe A3 odelA vl giot ey AAAR A
Zolz FAAG BzA MG ZHe] HFAZ} L
gl d27)5 olfe= FPHE $AE 4 S
< Bk AAALE FAlele BE|dAel Fo]
fritge] stete] wulslgl ot 7|AlL AFHA o
of Hael= oh2 P Hooh

Al EA e B dut¥or 34, F4, A 2
Ev7)%S 8351 (22 5, 1981; Mauseth, 1988;
o], 1997), 7RFeke] el A shEllA A
Hel A4 8% 43 A 77 B4 ¥
oJA Ut (&, 1990). Tl 28] BEFH] e B
7 AR AT FdZ:AqME= 23} 27|
Aell £do| BFFIA ol whaA dolrp AIUA
ZE 7|For o NEER HEEsie. owe
o] FElxz] Wells MEZZFT ol 7ol AlE
A govt melrl AAste f-3de] oA REHT
o2 AEf3Poz §3}udsr] Aztehd I3 |
AN 4 e 7)Aol FAH HF J5E AU}
At Fx Azl AR U8 olF ¥
Tl Feddle LYFAARAL} ofF F HEEo]
N, TSN E Welle z2HALZA, FAA, B 22
o}, JEA Fo] Aoz UG PME
o} SHA L olu] IR ¢ H2A 23}
dle] BelE 93 9y TTMTE R pEE
B33y RAMZEF A 2L AEAY FAF
AE A 938 8L 3= Zlez FAFHT 9]
o} (&, 1990).
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for Master, Graduate School, Sungshin Women’s Uni-
versity, pp. 4-8, 1990. (Korean)
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251-286, 1997. (Korean)
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1990. (Korean)
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FIGURE LEGENDS

Fig 1. Adaxial side of the Spirodela polyrhiza showing several roots (arrow) and a daughter frond (D) emerging from the mother
frond (M). Bar=1 um.

Fig. 2. Anomocytic stomata (st) in the upper epidermis. Bar =20 um.

Fig. 3. Striated cuticles (arrow) on upper epidermal cells from Fig. 2. Note the absence of epicuticular waxes over the surface. Bar =
S pm.

Fig. 4. Small intercellular air spaces (A) within mesophyll tissue of the daughter frond. Bar=75 um.

Fig. 5. Dense cytoplasm in mesophyll cells of the daughter frond. S=starch grain. Bar=2 um.

Fig. 6. Air chamber (AC) formed close to the lower epidermis of the mother frond. Bar =50 um.

Fig. 7. Mesophyll chloroplasts with numerous starch grains (S) in the mother frond. Bar=3 um.

Fig. 8. Numerous plasmodesmata (PD) in mesophyll cell interfaces. Bar=1 um. Inset: Plasmodesmata in longitudinal view (arrows).
Bar=0.3 um.

Fig. 9. Idioblastic tannin—accumulating cell (T) in the frond mesophyll. Bar =3 um.

Fig. 10. A stalk (ST) laterally connected to the frond. Bar=40 um.

Fig. 11. Part of a stalk cell exhibiting diffuse cytoplasm. Bar=2 um. C = chloroplast, N = nucleus. Inset: Degrading stalk cells after
frond separation. Bar =2 um.

Fig. 12. Developing roots. R =root. Bar =70 um. Inset: Initiation of the root system (arrow head) over the foliage sheath (F). Bar =
100 pm.

Fig. 13. Uneven and irregular cell divisions (arrow heads) among immature root cells. Bar=1 pm.

Fig. 14. Part of cortical cells in the developing root. C = chloroplast, G = Golgi, N =nucleus. Bar=2 pm.

Fig. 15. Highly vacuolated root cortical (R) and root cap (RC) cells. Bar=2 um.
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