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(HEMI}) 652 Aol PXbx| Letnts

2H2 - FEO)?
(MZ-Eo)stw AYgaey, Ynstitute of Botany, Vienna University)

P YL 652 chuf-eatAl HdatAo] F2HAA(LSCM)F} #asiv|H o8 w)w,
FA= ek, 83, NP5 Y, J¥5 N, Corydalis nobilis, C. solida, C. ophiocarpa.
EAEE EEF FAZRAY ©F 39 Hol FAsts AL Ho R A LE 4
st Zldstslen, A HEARAZRZA 454l HEZAZAELE JEAPE YA
S Foto A% o 23 A7 F o] 4EA0) Helew, ol F FEEL W=
38t g§AZ [7gke] 7154 HEAE wbdslgicl. AAdu)¢AbA 2 W f3e o}
24, vt £ ¥ (Polygonum type)olsdch. 713k A AL AQu)-$ x4l Assbola, whebx
e e 3700 AER o]Foixl AR, Ak Fo] U 3749 oy WFAE 9
2218 o] EAEE 1749 FAAEE FAE U IFAE F7l= FA T Aot
NARE Ztzt e Egler, FFF R AAF ] A xe} HE o). 2709 RAEE
BE E3d A2 fasEgloed, ojuf iFAE F7)9 At HIY FAEe AAT
ek 7-Al 2R 2GeleAA L] AL BAL ZAE BE Fellx] FF Ao,
wde] Hele W3, 8354, C solide ¥R C. ophiocarpacl A= F8elgion, &
S e wbEa WA C onobiliso A= v FAg GEelsinh. v thEAbG ] &
L BE FolA AT ot @z oM ghdulF g

ool @S, AGuAEA (N 2R, HEAPE YA, o w2 AL g3, wb
AE F7)

B

¥ 3 A % (genus Corydalis DC.) & & % 4 3} (Fumariaceae - Fumarioideae - Cory-
daleae)ell 43l+ A8 2 2 (Hutchinson, 1959; Smith, 1971; Cronquist, 1981), F&
&, okAlel, Bul 5 Hubt 2Rl of 3000 Fo] BEFr) elx EX gy S

*W AL AR} A E} L 043) 261-2296, A4 1 043) 271-5787,
A A1 : obutaxon@cbucc.chungbuk.ac.kr
(9120029 1149 11, Al212bE @ 20029 119 204)
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dtelop Abe] pARA|HsL B2 FARAZ gEjA glen, olxalzl TR Alelx|t)
A= 252 Fo] AW&3rl(Hutchinson, 1921; Fedde, 1936; Melchior, 1964; Cronquist,
1981).

e &L 194, 294 = oA 2R 02 Fo| Txo glojA] F-¢A4Aue] s
o]il(zygomorphic), &5 2|39 9| 7|47} FevRefo 2 Algste] A(spur)E 3 A5}
o, 2717} JEAe] obd A Fo2 EAAYAt £ du) del B Fxt A7,
T2kl ARALAE FHete F22 Wdele](caruncle)”} F3Eo] glx, A5 E 3
Aets 54 Fo2 A% F9¢3E (Dicentre), BEH =5 (Adlumia) S35}
Zpo}7}t wdeh(Lidén, 1986). A5 W&o &3 -7 A+ Lidén (1986, 1993)o <)s}e =
215l v el 2= B 58 AEe AS7L, AR Qe B4, 94, A
o e EAE vl o g o} &3 o} A FE glo] BF 254 R A Bslolct.

3 S Aol i AT A7 A= o Ao, 2w} gRrEe] o] wpd
@37 (embryogeny) ol th¥t Zlelcl. &, C. cava (L.) Schweigg. and Koert$] £z} W
ol #7(plumule), f(radicle), ztdo] Wesl=| ¢F& =315 uj(embryo)7t 34
Hx sl e} (Hegelmaier, 1878), Foll C. cava® EAAIEA] A== v Auj
(proembryo) Adefo]x 453 wi= FAAE F T2 WellA F53v)(Eames, 1961)=
Aol At =8 C cavel A, A7 A2 PAE ADAEL dojel= M2
Zrelx ofF2] wj(supernumerary embryo)E "t Zio] X 1w ¥ <¢jr}(Lakshmanan
and Ambegaokar, 1984). C. luteao) X+ 45 7| A A E(Cb)7} #& =], o] 7]4
ANZe & 29 218 E<d(free nuclear division)& £3}e] t}52 de 2A =
v Alze AR okokrh(Souéges, 1946a,b; Wardlaw, 1955). gk w3 ieds s}
" HAoeBE C avadt C nobilisd) 4] U A2 4 (endoreduplication, polyteniza-
tion)ell &&l WHFRAESL 64n7tA] wiFAE o] RaEgle  #ojr}(Hasitschka-
Jenschke, 1959).

AT e d5A% 253 F HeHo R FEF 3o} EAEE 3™ 68L WA
o2 AAul-$2A (wld) R FHA S AFEtgon, HAYsHH o] thE EFEA <
o5 mAslgdch

o o 2

Mz WYY

1. M8

Algo) 218-% ME+= o3 2}

(1) sect. Corydalis: 8335 A(C. albipetala B. Oh), NH5 N(C. ambigua Cham. et
Schleht.), A& 35 M (C. filistipes Nakai), C. solida (L.) Clairv.
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Table 1. Some specific taxonomic characters of six species of Corydalis.

Sect. Corydalis Sect. Capnogolium Sect. Cheilanthifolia
Characters C. albipetala C. ambigua C. nobilis C. ophiocarpab
C. filistipes C. solida
Plant duration perennial perennial perennial
Underground organ solid tuber rhizome tap root
Flower color white, red, blue yellow yellow
Flower apex emarginate acute acute
Fruit shape linear or fusiform sterile bladdery
Stigma flattened flattened cylindrical
roundish roundish geniculate
Stigma papillae No. 10-14 10-14 4

Table 2. Some specific embryological characters of six species of Corydalis in
the development of megagametophyte.

Sect. Corydalis Sect. Capnogolium Sect. Cheilanthifolia
Characters C. albipetala C. ambigua C. nobilis C. ophioarpa
C. filistipes C. solida

Megasporogenesis
Megaspore mother cell  directly originated from a archesporium
Division of meiocyte twice
Megaspore formation monosporic

Megaspore position chalazal end
Megagametogenesis
Division of megaspore three times
Functional nucleus eight (3 antipodals, 2 polar nuclei, 1 egg, 2 synergids)
Megagametophyte
Embryo sac:type polygonum
shape 2’2:2;}:; I;lexe " rather flattened |ovoidal
size(LxWym) 120 x 60.m ir} C. alb-z'j.aet'ala, 280x170um in C. ambigua,
300x 170um in C. filistipes
Nucellus: type crassinucellate
cell layer two-layered
Special feature antipodal haustoria
Megasporangium(ovule)
Shape |anatropous except C. ambigua (campylotropous)
Integument bitegmic
Micropyle formation by inner and outer integuments
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(2) sect. Capnogolium (Bernh.) Endlicher.: C. nobilis (L.) Pers.

(3) sect. Cheilanthifoliae Lidén: C. ophiocarpa Hook and Th.

ol5 % C. solida, C. nobilis, C. ophiocarpa+ 19923 A~ %92 Goteborg A]E Lol A
HHE Aelx, A 59 AR A A3k c).

2. %4

FT2H NP (LSCM) £ o) &3 @3

C. solida, C. nobilis, C. ophiocarpadi A WastA7} 72t7] o} ¥& FPAu(formalin,
propionic acid, 50% ethanol, 5+5+90)e] 2447} 2 A& F, 70% ethanole] B3a}g
o}, 3R-713E A’ F AS Herr's 4% clearing fluid(Herr, 1971)e &7t} 24)
7 F FEAA ANE dFstd HEH wiFE Eeteln fdd Sk FH3 £
(clearing fluid) ¥ ®W&& Wolmd §F QrlfelE dalen, viFrt & Afdes W)
fr2] 242 Eeol Ray slide(Herr, 1971)8 Al-83t¢c}. $u)%l A 8F Sarastro/Molec-
ular Dynamic Laser Scanning Confocal Microscope(LSCM)Carlsson and Slund,
1987)& o] &8t FHEHom, o] FAHA ofFU JAE A= ¢k}
(Fredrikson et al, 1988). Z}4-& 488nmE ARE319 o, FAL% AH(scanned images)
& 512x512 pixel= &% F, LSCME 53t 1mE 23S $Fo] d&% A& AT
st

FEPW S ol &F A

FTEAHE A A=A e AAulAA ] 2 AE FAE ] Hsle] @z,
TN, HPFZ YA Zr7] v wdchAlY zpbE HEsle] FAAA 1A%z,
TBA series 73] paraffinell Zujsldc). 7-10mz Ay A& FZAAAL FAHZ
£2lol=o] B3 F 1% safranin-fast green o2 o|F g Mslo] kst v Aagh
AL ol -2 A & gkt

2ot o 0F

o] ¥ 24 74 (Megasporogenesis)

&7t mokel E7] & o] Ao #¢ diFo A WAE] BFo 97 Fextql
FAlZ 2 (nucellus) 2. 2 A#Asledct. £ U4 E(archesporium, ARP)E &3 F41x7
ol 33 %3 qel] EAs S A E(parietal cell) 2] FoZE A Eo) 4] sl 7)1 A3}
9o v (Fig. 1), W35 d(periclinal division)3d}e] ZUAZE WEE Yol Yol F9)
t}, ZTHAEE ZA o LR A E (megaspore mother cell, MMC; megasporocyte) 2
A AAgat e, WEARAE= FAZA L] SIFEal 52| #9]9 52 FHAZ o}z oj
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Figs. 1-6. Development of megasporogenesis of Corydalis species(l:C. solida, 2-
6:C. nobilis)

1:The archesporial cell (ARP) originated from a parietal cell is situated be-
neath the one-layered epidermal cells. 2:Sunken MMC by division of a arche-
sporium is positioned in the upper part of nucellus. 3:Cell division of MMC in
the central part of nucellus. 4:Inner and outer integuments (II and OI) arise
from the base of homogeneous nucellar tissue. 5:Diad stage of megasporogenesis
(diad cells; arrow). 6: Three degenerated non-functional megaspores (NM) at the
micropylar end of nucellus. Only one of the tetrad develops into functional
megaspore (FM) at the chalazal end.

ARP:archesporial cell, MMC : megaspore mother cell, MCY : meiocyte, II:inner
integument, OI:outer integument, NM :non-functional megaspores, FM :func-
tional megaspore

A3 Adch(Fig. 2). HEARAZE FARA Y Fodios] FFRAL A2tslg] o
(Fig. 3), A1£4 F np2 AxHe] YA 284 (diad)”} = cH(Fig. 5). A28
F Ade] 4E A (tetrad)7}t Hdor), o)F F FTH9 e Hisldn §HZE 1)
gte] 7154 Wl ZAH(functional megaspore) & 3} o} (Fig. 6).
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HEARZMNEZ}L ZFpEAS A o #4232 7R 2709 o7t g8k A
z-et gl o M (Fig. 2, 3; 3}43%), W5 ¥ (inner integument, 11)7} = A 25 9 (outer in-
tegument, OI)7} 5ol W AstATH(Fig. 4). B 27]98) F3= 2%9 ALE Z 3 o]
TAE Adert, wde] APHE A 3507 BIlsigon, oFue AL} YT
7 B} o gt

FAzA e F8 FAL ANl F4] BHe} FHAZL 5 259 2alo] thEAR
AEE e F3 A (crassinucellate)olslen], ojzidt Abel:= &g AFAwl-$-=1A) o
7hA] A4E sich

dz Mo o xAUAYH AL T E2FA (monosporic) o A vElE bl$-
28 B9l e (Johri, 1984; Bhojwani, 1999), A%l E{FZENA £ wi=
T ol AolHe A=A ¢otr).

o
o oft
2
s

-
511
ol

of vl 2-2}¥) '8 43 7} (Megagametogenesis)

WEAE A5 FA wide] Sl FARRGE A3sted 2709 AER2 B,
Nxze] HA o7 qlsted(Bhojwani, 1999) dhlE §HZE(chalazal end)dl] o} s}
%% (micropylar end)e] $#8ldrh(Fig. 7-9). Z+7be] Az e A4z} Bzl 733
FAFA A2 1844 25 89 g Zhe v e R sl oh(Fig. 10-12). o]&& o}
A 18] odste] @3 Fel 478(Fig. 13), 3% 470(Fig. 14, 15)2] 3¢ ut5o] 83
A alide]l =Helok JHE A AR A= A, A5HAACAA T8 2 38
o] 17§ F<tAlE(central cell; CC)E Htalgdrt. welx Asg wide: Aty &
o] & 3702) i3 HFEHA|E(antipodals; ANT)7F T A=l Wbl l v (Fig. 16), 23}
do| EFAst= 1748 FAAZAF BHFAEY HESa Ao (Fig. 16), A E(egg
cel, EG) 1719} =AM Z (synergids; SYN) 27§12 o]F o]zl 1A (egg apparatus)=
FF& ] BAEYH(Fig. 17, 18). =3t g3 5 =4 ZFddE wEFAZ F7](antipodal
haustoria; AH)7}F A &= o] sl (Fig. 17, 18). A= wjte] wrete ot a4
(monosporic) &l }t]& & (Polygonum type)?t & d¥ I4& HH o|F o3}

ZALE A4S 652 e A A AR F ook Seldt dA4e AU #¥E zhe
HEA 2] Aol w2 Fo A wiHAEE AE Byl ohvz} E3] 2pAIuR9-A}A) Q)
s Ao} Fofl, == 74 Fol =H3lghrh. 22} d# 7] Osterwalder(1898)2} Huss
(1906)= =34 wbHAMEo) F3g oo s A7 vk k. D'Amato(1952)%
Aconitum napellus, Papaver heldreichii % Hypecoum procumbens?) BV Z At &l o)
A o] A £8E Bustglon, o]eig oA qA ] R FHA 2 A EA)
(endoreduplication, polytenization)7} &¢lelg}x s}¢lct. 83 Hasitschka-Jenschke
(1959)= C. cava®}t C. nobilisol 4] &9 B35 vla &Asled vkt e] A o] 64n
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Figs. 7-18. Development of megagametogenesis and mature embryo sac of Co-
rydalis specis (C. solida)

7-9: Serial sections of two nucleated embryo sac. One cell is positioned in the
micropylar end (7, 8 arrow), and the other in the opposite site (7, 9; arrow) by
the expension of vacuoles after mitotic division of megaspore. 10-12: Serial sec-
tions of four nucleated embryo sac. Two pairs of nuclei are also developed in
each opposite site (arrow). 13-15: Eight nucleated stage of megagametogenesis
in the same embryo sac. Each set of four nuclei is positioned respectively at
the chalazal (13; arrow) and micropylar end (14-15; arrow). 16-18:Successively
sectioned mature embryo sac. It complies three large antipodals and a central
cell which are situated at the chalazal end of embryo sac, and three-celled egg
apparatus at the micropylar end. The giant nucleus is observed in each antipo-
dal cell (ANT), and the central cell having a fused polar nucleus (PN) is close-
ly contacted with the antipodals (16). The large egg cell is positioned on the
lowest wall of nucellus (17), and two synergids being degenerated after fertili-
zation at both sides of egg cell (18). Antipodal haustoria (AH) are connected
with two degenerated synergids (17, 18).

ANT :antipodal, CC:central cell, EG:egg cell, SYN:synergid cell, AH:
antopodal haustorium

o WAl e Bastct. ol o] o]l EAlelA TR 65 VEAE A
ARARA o) o]o] Tale WAL A4A Aoz YzEy FAY AFL A 4
Wgk 2Ab o 2% Ao® gzhE).

FA 3 ARG A% AW sHA wdela], v Furel EASE 247 4r) e
4 3 GZol shd Fdo o]fsle] 2 Fdo] He FH, 2uo] §sel o
A4 FLALZ BIHE B4 @ BFALS} 24 AR TR WEAst He A
e et B2 A otk

214 wi-3- 213l (Megagametophyte)

AsE AR eAAE 7T-AEAD 3 olE Eede FARAR FAEC gt
(Fig. 19).

4 (Nucellus) : FAZ2] 2 FFZ /38 299 A2 FAEE=H usle Uz 2/
3v ¥HFoR ZA,E 23] HAH FAFHKH(Fig. 19, 20). FAZX2 Y vg% 249
AEE A8lE Aad HEreko|glon, R mV|E FER02 ZA4E AFon, A
EAo] FUsle] FHe AN} A GAEH o FA] FFFHoRE A4FE 1 A7)
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Figs. 19-25. Mature embryo sac of Corydalis species (19, 20: C. albipetala, 21, 22:
C. ambigua, 23-25: C. filistipes)

19: Longitudinal section of mature ovule (a:embryo sac, b:nucellus, c:inner in-
tegument , d:outer integument, e:chalaza, f:aril, g:funiculus, h:placenta) 20:
Enlarged embryo sac of C. albipetala; antipodal haustoria are developed from
the apex of each antipodal cell, and extended toward micropylar end to connect
with the degenerated synergids (small arrows). 21:Curved embryo sac shown in
C. ambigua;, hypostase which have cutinized cell walls is developed at the base
of synergids in chalaza. Antipodal haustoria (small arrows) elongated toward
egg apparatus, and central cell is contacted with a antipodal cell and its
haustorium. 22:Antipodal haustoria comprised many multinucleate cells (small
arrows), each with 1-4 nuclei. Each cell wall remains incomplete, so makes it
possible to leave protoplasmic continuities between adjacent cells. 23: Antipodal
haustoria (small arrows) are connected between antipodals and an egg cell in C.
filistipes. 24:Egg cell with a prominent nucleus 25:Enlarged antipodal cell with
vermiform nucleus

ANT : antipodal, CC:central cell, SYN:synergid, HS:hypostase, AH :antopodal
haustorium, EG:egg cell, AN :antipodal nucleus

doJHch(Fig. 19, 20, 23, 24). =3 FAH ] MFAE 7| Folle AEH FeAo] -1
3} ) M| X7 (hypostase; HS)o] HA = o] dsdch(Fig. 21).

WS Al & (Antipodals) : A5 % wdelld §HF FARA N FiE] e 349 W
FAEE AE7 A AR AE-e] FFFor AF FEFoEH FoA FHY
Bokg Hglony, HAse] Fojal FEo Fodol A He] A3Fck(Fig. 19, 20,
21). 9 A o ql rEFM X FFF Hdi 4 AT HL QX7 FEFeE
W A Rgov(Fig. 20), 843 sl HA 2 AL BAF JeE HAY
Wz efolgict(Fig. 25).

el HWl FzhellE wEAEZe] Awteld 7 we® wEHAE  F7](antipodal
haustoria; AH)7} @25 <ch(Fig. 20-23; 22 g4R). Fr7le FFH22 AAEY
Ao} AEstEd, olu 2709 ZAEE RE I Y Ao, iEAZE F]9 A
e 5stE 2Axel AAHAN(Fig 20; 22 3aHE). F7v 1-4708 o] EAlg=
t}e] thdlg MEER o]FoiA glovh(Fig. 22), 7+ Al Ee] AEHe B4t ol%
AEste) AEA dgto] 7b5d AHE FABER ANt

%9 M Z(Central cell) : 2712] F8o] g3l HAZ FFAZE FAY #3} A2
oke] AEAL AR Aeri(Fig. 20), oHFd F4& HeolA] gstrh FdMES W5

476



December, 2002 EEME XA A Yy 1

AZo] Ak 71¥-of RatEo} gAY HFAE FHe) FAZ2a] 29d ¢xstgdon, ul
SAE F719F HEH AdH(Fig. 21, 22).

A E(Egg cell) : 7|37} ok FolAE Y m: FYolw, d u)$ Eaislyl
I Fde 4zt odliFel fASA. FAES] FHF APRE thie ATy EAF o
24 SA4E Bvh(Fig. 23, 24).

ZA ¥ (Synergids) : A5l dolA £3] FFFo] Y 2 wfHe] Folxl Hshy A
HE FAFHAG AE2He U A2A o) 28] dYEgen oju He niEts
H&= ) ¢kt (Fig. 20).

ctad A Al ZA (multinucleate protoplasm, syncytium)s} Z& Abeje] WS 4% &)
 WHAZ7} b A EE 55t DNA &g 37 27147 Ho & ul2o] Hol us
AZAA A" EE HoE F9(funiculus) W) §AEA] YN EZL AH u=
AZZ Fld JFES H39 ZAZE Filo] JAZE o]|EA7|= 529 dgg o
B Ao AZAEc. e 3709 F7F 2709 EHEE AT (EE YAEE L
3 309 A FHs ) WA FHEERAE wHEgsA A EHA Yoten o
2 U5 AEE =AU 883 HRolgtxn Yz,

T-AZEA AEAA7} ddsle B 2A4E RE FoX TEAHo|gth. 1y
W] Fel= AP, HE5A, C solida D C. ophiocarpas) A= Faolgdom, oa
FANAE YA B C onobilisol A tha daa d¥elgln). olad An= "7
e T2 chFd wid Helsl AT AYL oAskE Aelety s =g u)
¢ 27)E BRERAA ZolxFo] o 120x60m, W o] 280x170m, 18 A5
Aol 300x170mZ FHEGon, dsA%e) thoFgt Hol} FoA wte m7)E= 7}
off wf-$- cheFdl 2fo]He] gl& Ro 2 Yz},

) £2}d (megasporangium, ovule) 2] 8L RE Foj|A] 2314 (bitegmic) = Al
% (anatropous) flov} H&HF Yo A= w2ulF(campylotropous) vt T C. nobilis
A AAAA AGu-¢RA7 B gE AsE BAHYEY, o)k B Fo] Fx)
AAE AAH o2 F3Yi2] Fike AHAE 2@ o, o]AufAel s 9" AE
d 7R FEH £ 5 ot

mEhA 2AE A3 4% 24 639 AR BT AR EYEL zhate
Aolvt & F3EHA FRAAFAE Eatdod, wFe 3, wde) Hel % =)0
AelA A Fbel] o)zl EAstPenR YBHE 9oy} olctn AztHE}. w3 H5
A& 2549 R3] FEST BF A A, wASH §AE] o M} Eof
A AHeolgta Azl
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Ab AL

¥ ATe 2147 =g dpEabdal Aol &7 e EAIR e AFu| A
(A5 PF001302-00) 9 23 3= A4 o).

el & & ®
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Development of Female Gametophyte of
Six Species of Corydalis (Fumariaceae)

Oh, Byoung-Un'*, Chang-Gee Jang’

'School of Life Science, College of Natural Science, Chungbuk
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The development of the female gametophyte of Corydalis albipetala, C. ambigua, C.
Jilistipes, C. nobilis, C. solida, C. ophiocarpa have been comparatively investigated using
laser scanning confocal microscope (LSCM) and light microscope. An archesporium was
originated from one of the outmost parietal cells beneath the one-layered epidermis of
protuberant nucellus, and acted directly as a megaspore mother cell (MMC). These species
had linear tetrads after successional meiotic division during the megasprogenesis. A func-
tional megaspore developed from one of the tetrad in the chalazal end, and the rest three
being degenerated. The developmental type of the female gametophyte was monosporic in
accordance with the Polygonum type. Prior to anthesis the female gametophyte was organ-
ized. So mature embryo sac was comprised a three-celled egg apparatus, three large
antipodals with giant nuclei and a central cell with secondary nucleus. Antipodal
haustoria were developed from the apex of each antipodal cell, and extended toward mi-
cropylar end to be contacted with egg apparatus. Two synergids were usually observed as
degenerated condition, and in this time the apices of antipodal haustoria were connected
with the degenerated synergids. The developmental characteristics of seven-nucleate fe-
male gametophytes were common in all the species investigated. But the shape of mature
embryo sac was ovoidal in C. albipetala, C. filistipes, C. ophiocarpa and C. solida, reflexed in
C. ambigua, and rather flattened ovoidal in C. nobilis. Also, the type of megasporangium
was anatropous in all the species except C. ambigua with campylotropous ovule.

Keywords : genus Corydalis, female gametophyte (megagametophyte), megasporogenesis,
megagametogenesis, antipodal haustorium
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