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ABSTRACT

Reduced plants of Spirodela polyrhiza consisting only of fronds, stalks and roots form turions during dormancy. In
development, mature fronds produce offspring fronds by vegetative reproduction, and turions arise laterally from the
mother frond before dormancy. The turion primordium is derived from the frond, while the frond primordium forms
within the turion tissue. In the present study, cellular features, especialy those of the plastids, of the above four tissue
types have been examined and compared using el ectron microscopy.

Proplastids, found to be numerous in the frond and turion primordia, differentiated into chloroplasts rapidly upon
growth. The proplastids were small and the thylakoidal membrane system was rudimentary, howerver the chloroplasts
exhibited variation by cell type. Chloroplasts were found within cells of the frond, stalk and root tissue. The thylakoidal
membrane system, which formed grana stacks, was moderately developed within frond chloroplasts, while only a few
were present in those of the stalk and root cortical cells. One to two starch grains were accumulated within frond chloro-
plasts, but little to none were found in stalk and root cortical chloroplasts. Contrary to other types of root chloroplasts,
those found in the root cap cells developed chloroplasts similar to the frond type. Unlike proplastids of the turion primordia,
numerous large amyloplasts occupied most of the turion cell volume. Moreover, the turion cell produced quite large starch
grain(s) within the amyloplasts. Accumulation of the starch grains continued until they occupied the most of the stroma
and in some cases, individual starch grains reached up to 9.0um in length. None to little, if any, thylakoidal or internal
membranous systems were seldom detected in these amyloplasts. Although the degree of cellular and tissue differentiation
was rather minimal within their reduced body, the functional differentiation of Spirodela polyrhiza was very efficient, as
isthe case in other advanced species.
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A AR ERZ A (frond) 2 ©F o1 2] (reproductive repro-
duction) & shef A EA7H o]l 2617k S w5 wE
£ 2 /NAHS =2 A]Z15}H(Landolt, 1986; Appenroth, 2003).
A Eo] RIS vhA ol §AFA B Mg} o] X
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A7)l Al e SR Bkl AR AEAE
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7| eA =0 2 W & %2 (vegetative sheath) @ Zhol 8-
1 Yol #bed 9l dAMAl 17] (frond primordium) 7} o}
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2 1584 33] AH 3tk (Kwak & Kim, 2008). A2 % A8
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90 Nm ZxRFAHAE A zbslgi). o] xRPAHAL formvar
coating ] 2] % 100-mesh copper grid=. 271%1 3 2% uranyl
acetate (50% mathanol)ol| A 30+, lead citrateol| 4] 10% o]=
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o3l ok Al AT AT, el 7] W
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il &
AlEAE TSR 220 sl wel 724 7]
o] ARy AAE 7] w el Mzt 222 Z7ke] £
ql e} EAS XA Fo}(Evert, 2006; Graham et d.,
2006; Mauseth, 2009). 731} 10mm w]2ke] o9~ &4-% 7))
T2 Al EAAAM = ol 54 o] YehtA] bt v,
NFeellMe o] & 713E T3 Az 47| 54
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538 Azl A S o) e palw WA
o] Qo] olo] T A7 A, A, AskebA AT
7} A%= 3 9)ch(Sibaski & Oda, 1979; Smart & Trewavas,
1983; Appenroth & Bergfeld, 1993; Smart, 1996; Appenroth,
2003).
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(Landolt, 1986; Kwak & Kim, 2008). A4 == Zro}xz]
Hell A== 47] (primordium)= 2143 A7 52
Flz)=e) ARE Sse s Tz 4%

23 4¥ ek 53 Fohs FHAHE AN
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meA2gow Ay ¥l geh(Smar, 1996) oo 541

Frz APe Aoz YRe 2P BAE AT
vk 9o B u|<: (Myriophyllum), E1k<= (Utricularia), &
Z-2- (Potamogeton) %-¢] ¢J.©1}(Sculthorpe, 1967; Appenroth,
2003; Harada & Ishizawa, 2003; Jian et a., 2003; Lee et a.,
2005; Weber & Nooden, 2005), o] 5 Fx2] §A3}t A3 7|
A2 o whe} 22k o= (Sculthorpe, 1967; Tobiessen
& Snow, 1984; Lee et al., 2005; Weber & Nooden, 2005). 7]
o] AT 2= o5tz Welsbd golg FHT F A3
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H3la 7)) W22 o) AAS 3} (Tobiessen & Snow,
1984; Leeet d., 2005; Weber & Nooden, 2005).
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AA 71980, o] S2RE Y4 2719 v Ee} A4
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< gl 5 oln] A= 9l

E f1EEEYY ff}/‘é%l% Zlole} (Moller, 2005). 4%
22 Mz we] ExF o 91, o5
o Fxe 1 71s EAE #HE Aoz odFHA o
(Moller, 2005). 4|35l A¥-2 Foo| wep o] 2= o]
oAkl H= olFE F EAdAlel 2eolA] Fot. o]
Aol ATl A 7P agx o= Yehis 9 F
otxA W AEA = 53], AN A B4H<l 247t 1
o} FrokzAlel edokie] FEIAte] ez A= e

AL SAAY A RS 47 &3 57] wEes W

o]-o] =

)
Hn:
r_>i

2
rlr

| 1S
e
a2

b
2

N

exo) FRAHRIAE 714 Weld wiwiRle] B45EA)
¢tol 1 FHEr} §X7}t Hle Aoz FA=vh(Landolt, 1986;
Appen-roth, 2003; Reimann et al., 2007). t}& £ & 9]
Fopze M= AAEAR Hibe] HHH7| = 3o (Smart
& Trewavas, 1983; Weber & Nooden, 2005; Reimann et al.,
2007).
o8} ro] g Fd

A, AR, ez 1 A

AT A8A B AR

A2 dste] QYA

SE
Boat oliAE S W, ol Eol ARAT}
Reo] A AHEEE FEa fAd) BaT PEs
A7 poh ddRe o5 AFRPELS g FaE AuA
2 o|FAT A7e] 24 P AZE Hage) FEENT
Ee] BQFE e FUT S YT P 55
& A4l & 4 gk

= L

Appenroth KJ: No photoperiodoc control of the formation of turions
in eight clones of Spirodela polyrhiza. JPlant Physiol 160 : 1329-
1334, 2003.

Appenroth KJ, Bergfeld R: Photophysiology of turion germination
in Spirodela polyrhiza (L.) Schieiden XI. Structural changes
during red light induced responses. J Plant Physiol 141 : 583-
588, 1993.

Evert RF: Esau’s Plant Anatomy: Meristems, Cells, and Tissues of
the Plant Body - Their structure, function, and devel opment, 3rd
ed., John Wiley & Sons, Hoboken, pp. 7-64, 2006.

Graham LE, Graham JM, Wilcox LE: Plant Biology. 2nd ed., Pear-
son Prentice Hall, Upper Saddle River, pp. 134-149, 2006.

Harada T, Ishizawa K: Starch degradation and sucrose metabolism
during anaerobic growth of pondweed (Potamogeton distinctus
A. Benn.) turions. Plant and Soil 253 : 125-135, 2003.

Jian Y, Li B, Wang J, Chen J. Control of turion germination in
Potamogeton crispus. Aquat Bot 75 : 59-69, 2003.

Kim IS: Development of the root system in Spirodela polyrhiza
(L.) Schleiden (Lemnaceae). J Plant Biol 50 : 540-547, 2007.
Kim KA, Kim IS Structural aspect of the reduced free-floating
hydrophyte, Spirodela polyrhiza. Kor J Electron Microsc 30 :

233-240, 2000.

Kwak M, Kim IS: Turion as dormant structure in Spirodela poly-
rhiza. Kor J Electron Microsc 38 : 307-314, 2008.

Landolt E: Biosystematic Investigationsin the Family of Duckweeds
(Lemnaceae); Vol. 2 The family of Lemnaceae, a monographic
study. p. 566, 1986.

Lee SM, Tanaka MS, Kang CM, Jung SY: Science of Hydrophytes.
Chonnam University Publishing, Gwangju, pp. 76-85, 2005.
Lee YN: Flora of Korea. Kyo-Hak Publishing Co., Ltd, Seoul, p.

1054, 1996.
Mauseth JD: Botany, 4th ed., Jones and Bartlett Publishers, Sudbury,



KimIS: Plastids in Spirodela polyrhiza 59

pp. 37-86, 217-243, 20009.

McDonad MS: Photobiology of Higher Plants. John Wiley & Sons
Ltd., Chichester, pp. 33-44, 2003.

Moller SG: Plastid division in higher plants. In: Moller SG, ed,
Plastids, pp. 126-158, Blackwell Publishing Ltd., Oxford, 2005.

Newton RJ, Shelton DR, Duffey, JE: Turion formation and germi-
nation in Spirodela polyrhiza. Amer JBot 65 : 421-428, 1978.

Reimann R, Ziegler P, Appenroth K: The binding of o.-amylase to
starch plays a decisive role in the initiation of storage starch
degradation in turions of Spirodela ployrhiza. Physiol Plant 129 :
334-341, 2007.

Sculthorpe CD: The Biology of Aquatic Vascular Plants. Edward
Arnold Ltd., London, pp. 198-208, 1967.

Sibaski T, Oda Y: Heterogeneity of dormancy in the turion of Spi-
odela polyrhiza. Plant Cell Physiol 20 : 563-571, 1979.

Smart CC: Molecular analysis of turion formationin : amodel system
for dormant bud induction. In: Lang GA, ed, Plant Dormancy,
pp. 169-281, CAB International, Wallingford, 1996.

Smart CC, Trewavas AJ: Abscisic-acid-induced turion formation
in Spirodela polyrhiza L 11. Ultrastructure of the turion; a stere-
ologica analysis. Plant Cell Environ 6 : 515-522, 1983.

Tetlow |, Rawstrhorne S, Raines C, Emes MJ: Plastid metabolic
pathways. In: Moller SG, ed, Plastids, pp. 60-125, Blackwell
Publishing Ltd., Oxford, 2005.

Tobiessen P, Snow PD: Temperature and light effects on the growth
of Potamogeton crispusin Collins Lake, New York State. Can J
Bot 62: 2822-2826, 1984.

Waters M, Pyke K: Plastid development and differentiation. In:
Moller SG, ed, Plastids, pp. 30-59, Blackwell Publishing Ltd.,
Oxford, 2005.

Weber JA, Nooden LD: The cause of sinking and floating in turion
of Myriophyllum verticillatum. Aquat Bot 83 : 219-226, 2005.

o,
"

PANEE QAT SAT A6 Bhel ARk FETa
Q) ol AT ARA 29 Bopideld Fod 7)5E &
Wohe ALAL AT A BE SBe] pxaiw, 53
Aok §4 B 5% Bl QoA o)F AaA el A
Ejef slek & QA AT AR ) 2 E 2
Aot A7) AzEs aen Aad SHe 2HE Fol
AR o2 AFslelst

A% 2 QA BRY vz AAE AS 2
=4 A7)el] G171 WAse] Aol 17 el Akl
A7-dape] Bokshg e R e 2Ae wehe
gl AALA, 993, ARAZ 2 Ess, 59 Ax
Ale] =7, Demel =, wuela G4 5o dabilsh Feb
27 7ol g zolg walch GAA D Hollr] AKAE
I ul@d ahe AL} Az $absle] B Bl
14 el Debmel=nA] B 2t As) 3454
W, A 39 el Gl 399 2 o
wet 912053, 71 Ael e Tehte JAehs et =
7h e A FHl) GSAs) 2] wdeht pee)
2w QA AaAlels SUYAE A ek sk
el Aason gt Wt 2 dude &

qgie o5 ARAL 7o) N3 we] B3} glo] % FAel
e A hwx}i YAstel BAE F27} ek o2 2ol
GAA, A2, w240 FAE GRAZ BIYE S
Aol Bet oS A4 Beaks i, ok oA
Aot Bgol obd FRAE 440 Wed S5 Fx=

o

2
N

<A ]
rlr

H
of

{o

O

O:

£
A7 wgeh S48 AT A8 0 AzA 9 272 A
29} 2AEE o) Fxe Posh} 7)5e T2 ¥ost

]

=]

gl

=E3}
i i T £

Al & 4 Qe

FIGURE LEGENDS

Fig. 1. SEM image of the mature frond (F), offspring frond (F1) and turion (T). Arrow indicates a remnant of a separated stalk. R, root; RC, root
cap. Bar=0.55mm . Inset: Abaxial side of the frond showing lateral turion formation. Bar=0.45mm .

Fig. 2. A germinating turion (T) with an immature frond growing undernesth (aster isk). R, root. Bar=0.22mm .

Fig. 3. Severd chloroplasts with starch grain(s) found within a mesophyll cell of the mature frond (MF). Bar=4.0um. Inset: Chloroplasts(C) from

adeveloping frond. Bar=2.0um.

Fig. 4. Part of a mature frond cell (MF) and turion primordium tissue (TP). N, nucleus. Bar=7.5 um. Note the differences in size and density of
the cytoplasm between the two tissue types. |, intercellular space. Inset: A chloroplast (C) from the stalk tissue. Bar=0.7 um.

Fig. 5. Numerous chloroplasts(C) in early development within the immature frond (IF). Bar=1.3um.

Fig. 6. Chloroplasts(C) from the root cap (RC) cell. Bar=2.6 um.

Fig. 7. Chloroplasts(C) from the root cortical cell (R). Note the absence of starch grainsin the stroma. Bar=1.4pum.

Fig. 8. Large amyloplasts(A) forming within the mature turion cell (T). Bar=3.5um. Inset: Higher magnification of the amyloplast (A) containing

no internal membranous structures. Bar=1.5um.
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