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Abstract This paper describes embryological characters of Comastoma pulmonarium (Tur-
cz. ) Toyokuni for the first time, with an aim of discussing the systematic position of the
genus Comastoma. The development of anther walls conforms to the dicotyledonous type. All
tapetum cells origin from the primary parietal cells. The tapetum with uninucleate cells is of
secretory type. The epidermis persists while endothecium degenerates. Cytokinesis in the mi-
crosporocyte meiosis is of simultaneous type and microspore tetrads are tetrahedral. Pollen
grains are 3-celled. The ovary is bicarpellate ,unilocular with eight series of ovules and typical
with parietal placentation. The ovule is unitegmic, tenuinucellate and anatropous. The
embryo sac originates from a single-cell archesporium. The chalazal megaspore in linear te-
trad is the functional one. The development of embryo sac is of the Polygonum type. Before
fertilization ,two polar nuclei fuse into a secondary nucleus. Three antipodal cells persist while
divide into 8~12 cells, each of which is multiseriate containing more than 3 nuclei. The size
of the antipodal cell is enlarged to be several times bigger than the normal cell. The haustori-
um formed from antipodal cells is distinct. Fertilization is porogamous. The pollen tube de-
stroys a synergid to enter embryo sac and discharge the two sperms. One of the sperms fuses
with the egg cell to form the zygote while the other with the scondary nucleus to form the
primary endosperm nucleus almost simultaneously. The fertilization conforms to premitotic
syngamy type. The development of the endosperm is of the Nuclear type. The early several
divisions of the endosperm nuclei are simultaneous and each nucleus contains 2~ 3 nucleoli.
The embryogeny corresponds to the Physalis I variation type of the Soland type. The antipo-
dal cells form a layer of “out endosperm” just out of the endosperm nucleus layer and degen-
erate after the division of the zygote. Compared with Gentiana ,Gentianella and Lomatogoni-

um , Comastoma is embryologically more closely related to Gentianella than to Gentiana and
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Lomatogonium. Tt shares more embryological similarities with Gentianella than the other two
genera, but differs from Gentianella in some important characters such as ovule curvature,
ovule series, placentation and the path of pollen tube. However, these diagnostic characters
are usually used to circumscribe the taxon above the generic rank. Therefore, from embry-
ological evidence ,Comastoma is better bestowed as a generic rank. This genus is more primi-
tive than Gentianella according to evolutionary trends of the embryological characters.

Key words Comastoma; embryology; taxonomy; systemtics
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2.1 INEFHVR & REERCF T AL
2.1.1 /pEFRE EEFRENTAERETH S~7 MEHARMER 1. DFE SR
T R0 A 6 Ha 240 G R A0 A B A0 B, A A 1 A B HE — 25 T B R e 0 R /)N i R A
RECERR 1:2) . /N B 40 B & D 3043 4 b IR B 28, B 38 — IR TR L At i B, R e Bk
HATE RS ER 1:3). 4 MNP R R HER) FZE A AR (ER 1:4.
2.1.2 EBMHNEET MK EEREDS B/ MMF(ER 5. R/ 7R
B — AN K, R VAL 40 B A% el e S e A R RE — L, T BB SE BT (BIRR 1: 6D
HRERINMITFRERTHLS R, EREF AR A J5R, S A0 AT — IR
B 45 B PR T . BB 4 3- A B AE 4 . 2 AR T i BE , = FLI (AR 1.7 B
BRBGIEB BN B, A Fih QR EF T RN,
2.1.3 BENMMRARBEHEBNTRSRE LHBERB S 4 BARAR, AHE]
PIKR N - REE AENE FENREE (ER 1:2~3), BEEMNAHERFTBITH
B (Davis, 1966) , 5 E NEERM P 2L ERE FVIABINZ4M. FEHAMBAR. A
BHRETOAERENZHRER 1.2, BRAEE, ABEBEHARE HEE, D 2 % ER
1:3~4) , F /N T80 240 B o 30 4 et A 78 SR OO FF 4B AL (IR 1:3~5), ABRRAL. #%
MBER KR, TEHE B LG B o S0 B A AR F R BB AR B (B 1:6~7),
BREEZE, AR, FERNESZF (-IR 1:.6~7).
2.2 KMFRERMEFHELRE
2.2.1 HHEMAENABFEE £/ AR, AN EESYIE LT LR
BP0 IR RIS — BB B, B ARG B R SURAH, TURE WA SR, X
B2 ETHEEIE LA S FIMK (AR 2:8). B—HWHEBTRIENEMGEZ G, B
BEAPAIRER . PO AN E RS R AR BRI, AR BaYE. X
E BB RS 4 ZEEE R EZ WA FERHS. B WO K 4L BT A T
AN o MR TR A X P R AR 28 B R 8 SR i) I RS 82 (Goopal et al. ,1962;Eames, 1961 ;Puri,
1952), BAZRH AR, AR AKBEAEBRHK L ER  KEXREEREH X T IR+
Bk AL K ORE THARFAMER 2. OEBEXFT VAW FR4IK. KT
B0 MRS RUE A A R G A4k, PO A R HER 2 B R R (EMR 2:10~1D), HKALWAY
=AM KRMFAHLGERL, FERKETFRE HERAF (B 2:12),
222 KMPIERERAMEFENEE TIEXETFRAEFEREERREER 2:13), 3
— RN IR ER 2:14~15) U R E(ER 2:16~17) I\ IR (ERK 2.
18~19), FEE K OEL RE, MBEEEWPK K. BGEAXMWEELTREA.
NEREREE, BRFLSG A & S A Bl e s BT, B AR i B 3 A 5 (E
R 3:20), P AR B R W 9F BB B LR AR A% IR AR B FE 1) BR AL O SR R A8 (B 3. 21, 23,
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25) Wi B AR5 B0 £ 2 R I HEF , B 40 M P ok R B0 B B A 220K 2% , T B 40 Bl e B AL s U
M BEE, KRB (MR 3:22,25), X5 EBERECRNEBER(ZEBS,
1994 R#41%,1989) BRI IER (N 2%, 1996) B B A B A TE AR TF .

R KA RN\ LR TR e R BB R ERE%,
FREBEPRT A AN ERR 3:200;: R 5, H I RERE W BRFLW D BA AR, ML, X
BRGNS RN ERERRA S, TR A&, 814 3~5 M, BILE
A 40 AR AR — A R 2~ 3 4% MR D T LR R 8~12 MK AR
R RN (R 3:21~27), RE4RES MBI B KBRS, A LOHS(E
R 3:21,24~26), RERBHEHRE R EHHE TR EEMRBHIIERX.

%, S P B e R B 400 R R B 4 PR 28 B A B BS LSRR R AR R B L R 8~ 12 N E L
C R BN R AR .

2.3 M
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3:28), BEH NBBMIRAZH. ERNEEFOERK. EREBRRERME T, H
—FENSPAINE, SRS TE A T (B 3:30) . TEBNR PO A e £ 40 B, B R Y
MR MR RS — R R SRR E, BN ZER TH L0 R,
B FSREBREERMEELZ(EK 3:29. BTFS5RERNBMERETHERES
MRS . MERAENE THEEREN KRR, ¥4 R &N ER & F K&
MR 3:3D. MARABRETFETFHAR.

2.4 BAMEE

CBEENEALTR TR MERACEF G FHOTE - KGLG R, FEFI T
AWEZ MEFNMELEERASNELS R, FEEAEAWEZ (B 4:38), 1
WEEA S 2~3 M (ER 4:39) . IWERAK LS TR S FHHE, 5 RIEE
HH rE A H H & ST R AR SR AN P T i — B i R P T o U T
BB (ERR 4:40~41) . /N0 B R AR BA , Bk AL 4% BE 2L 8 TF 4A 7 o 40 R BE , 40 i B
LHRENEAY B, REARMLET (B 4:42) ., AL RS B340 MES A 2.5 R
FERE O, B 5 IR N R, 366 B AR . b T R BRIE HE A, SR AR A 0 B AR L 4
R o> g 3+ R BE BT R WL (IR 4:37) 6

BHENEEARERSBAR IR — B YR ERE. BO“IMER”H & (B R
4:40~41) . 22 M0 RKEE AL 1] B , 75 4 240 ML R BRI A JF 35584k , B M SE VTR FL 3R FF 26 B 4L
W, BB, B RER (B 4:39~4D) . FEREAKRBAARESH2L0R
HREBAENER., REARKGRL, BN K, FERRTE RN T B 7E & s & R
BHARERERBUEY. BEER LHARMNEESROBEEEHMUGIRE%,1996),
HIRE et R RN E O E R REERREATH RN, EXHEAFERHEB THA
FREE REEESBEARRMERRE, 5 —REAFTEHIEAT 0 —3.
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B (Ca) F1— % 40 B2 (Cb) 28 3 &9 — 40 Ha s B (IR 4 - 32) o 25 400 B 0 T 40 M [ B R 47 48 Ik
R A B R TR VY 4 AR R R (LA 4:33) iR 4R L,L ML Ci. IMA MR IE R TS =
WHIBE L B R R\ 4 B R e (IR 4:34,42),8 MM S A L1, L2, L1, L2,
M1, M2, Cil, Ci2, 11 1 12 #47m R 3, B A TE i F it (Pvo) FIZE 2 JFEE (Peo)
L’1f1 L2 B ARMBERE S LT Agh R E (Phy) ;M1 A8 a1 #0414 2P0 K B
B (Coy; M2, Cil SEAN . RS HRR —KIE MBS 4 A IR (S), B Ciz AAR
(FEIRR 4:35~36. @ 1), BITERBERHRELR S, H4 005 Rk AMRKS 5K
BT, BRI T B T ), #2482 Johansen (1950) X% 7 248 8 i %1l 4% , W B TE IR B4 & & ot 2
o, IO 0 PR AR T3 1 — B B (L) RO it PRI 2R R 3, IR R S =R A1 M ey 8 B MR
i, FHE R Tl ER R 1 AR AL, i, B R B BIBRIE IR 5 3, IRk B A - B iR
FAK W IF RRAE (BRR 4:37), AR B4, HREMR RN TS, fFE~
JEBAER, FTRER M & IR B A —FE N AE A
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BELBHEZXR ZARNEMSAEFRKFERAK, ENANNSHER. BE

MR RMAEEIERE KGR, THEHAXW BB S5HCB I E T k.

WEIER R BRI AR R TR . EIENTRELS
Rao et al. (1982) B45 19 o AH R AR A S FFAEAE — B A I E R BT H AL /N F
SRR S R Oh FI B A 5 2- 5 3- BN = FL o 7B s Bk L, ERR R B B Bk ;R 3
RERER AR BRI B AT AT ST,

Wagenitz (1964)f1 Hutchinson (1959){EME BB X —KBERALERE. K% L,
M B 7K SR A g RER LUK 48 22 B IB % (1994) AR F 4155 (19892, 1989b) BB 5T IR B £k
TRHISEFERRAESL , B IR BR B A B E E N R B B3R — B R R E B R
SRBRAFENEREFFEZFRR. RGO T . (DR BHEGEREIR P, FE—
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B.AERNERR, EEBAERWEMBE R BIERTERZ, 25 % P8 IE % 4 400
B, RERBN., QOBELBYARMBHAMRE, 2TRE T EREHM, M ERY
BHEBERETEEARMARS EAR, h _MER BEEBHAEBHRATEL
N AEEARTMEERNAEREERPFRSR R 2 EZEREREAM, I E— i
7 3 i “ 25 B HE ” (Placentoids) (Eames, 1961) , 38 A — S A M A 25 = , T AL “ B 48 (Trabec-
ulae) (Steffen et al. , 1958) I AR BE AL . BB R AHANRFAHAHZE, W ileH&E A
FHRBMBRERER . (OWEEILR T 58U RSk 8 51, 4 sa KU B RS JBE 5 T e BE R 5
BYIE A 10~30 FIFEZK (Lindsey, 1940) , 7 4 M FE /i BE (Gopal er al. 1962) s Mk B 7L/ B
WM TR, AR URBEHHERER, RIBRAE Y B LRE. (OREBERIEHK
RESEH, TARHARSE5REHER, /\ 4 EE SRS, B K E P
RERME 1AL T R R TS 5 WA TE B, BB S MR I AR, iR MG
RENHEPHRE 1 AR, OBELERR EAMBME Y 8~12 0, REFK ERAE
R L8, I I Z SNE — BRSNS A 454 , B AL I ) B , X BE iR 8 B 0T
FREEEFMAWER LERBHERERHEYREAREE BRESEERLT
AWHEA 4 A BEKEAETARMEA TR TR EHLETEM.

Toyokuni (1962)F1 Love (1961,1956) i\ A MR B IR SRR R LK R IRE . R
# Rag (1982) LI RAEF MR LR R, MR B 5 B LR AR F R B3t
REEEREL, REAIEREZ I REERE N CRBEK AR EF L
REAE . LM R 8~12 N REBK BB A ZEHEMESE FHERAZZINE
R—ERMUIIEANENS. REERSHREERMEN L4 VR, MR BHRAER
AR, 2 N EGR AL AL B A8 R AR IR, 5 E WA R INEF K K
ERNBEERE BN T ESEEREK. BEEBRRTHMERK [, S
A 2~3 MR BRAR B A ABRE 1 AR ERAZ 4~5 M. KBS
B LA T, MR kL T EFRERNEY B X — I EA G RIF B2 EE
FRETHY RS SAAITHEE, H AN X — B IEER FHRYNER 5P AEE
B ERUERBEY B EZLR, R, FE R4 E ZE 17 & (Heslop, 19815
Eames,1961; Lindsey,1940),

WELBSBRIEER gL, AER,1995. BHBEEHEARKEFRE. = EEDH
R EREN BABREHRAMNREHE. B R RE, AEEE EHERK RN
F.AERMEMEIHENERS KR EHREBE. SR s~12 MBI AR EH
MREER EEBRERGREEE HERAES 2~3 B BT M RIMK 1
TR ERARES THARZELFER. ERAREIRD R EARERILE ZINE
B—EREREELINER R SEH U REAA TESEENERFRE. RTIBEER
S5BEERBLEEEEENRREER . B . RELGREAFIR S, FE-B i BRE
BHEWE. WELR T HEYIEME 8 51, b Hm i RAs i , s A 4 L3 L O K
AL BLRG REE SO TR R REJR TR YTTE A 4 FIAESE, W48 0 U ARG 72 , e B A1 B 4%
KYEE O KBRS . BELBERAL BERBREKREE. BREBEKOERTE;
WE B AR PR R BB DR IR MR 75 R By 40 M EBR AL IR M 4E K L R BUE B MNIR AR 454 5 R
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T RH g thok & BUX FB TE . R e HEJR 1B 845 i X\ R BE A R 3R — B 0 T, P9 B 40 i 19 52
BIE 1 T B R LB PR A IR R B B — B4 A

FR R AR R, RERR SREHB RAERZHEMUL, =
FARERENEE A TS LR WHEEBEREK, SENAMEEZ KRBT,
3.2 BEERIHIEEFR

WASCHTE FHTR B BB AR ¥ EHRE AR M RES AR RIEE
BAMAELR, RIEN — M8 R ERUBH R % ER REHER S RIEE .
il Ak 1 B A 1B 2 ELJR A B B 5 R A 22 S B B K, T L X R AE 22 R TR 7E JE FE AL R R 7
TP EH TR E T, B2 HIBT SR KB EERFIE (Tobe, 1989 ; Palser 1975), H
M, NRERG 220 R BE T M B — R BE N B S IR E N TIE.

3.3 BELERPYRENE

& — g # (Ho,1990; Massias et al. ,1982;Pringle,1978;Gillet, 1957 ; Scharfetter,
1953) RN KMk T 16 28 BF 5 18 I HH 2R A9 36 47 5% R ol » (Bt T 7 X o 7 AL A 1 R A 56
A EHFERFEHOEEN ., —RIAN TS LRI % 4471k (Pringle, 1978;Gillet,
1957); ZRBI/AEYIR . H MR SRR S A EREE BEBELRIEHEE AR
15 (Massias et al. »1982;Scharfetter,1953),

FTFRA%FAEEAR N E, OF 52 EH TS (Tobe, 1989; Johri,
1984) , FEML A BRI BB B IR BR M A BR O T IR AR 7E I SRR AL 3205  TE B AR
PR IR — By 40 M L 7 ) 40 D 50 8 1 28 R BE AL RRAIE 5 T MR B AR B AR ER 4B AR, TR IR
A N IR IR — B A AR L PR K BHOR B B —E B A EN AR N
B R 4 4% 1F (Tobe, 1989; Johri, 1984; Palser, 1975; Davis, 1966 ; Eames, 1961), Gopal
(1962)F1 Lindsey (1940) 3% 1 HRLIE A5 M #E4T R H) Z J5 - TA Ay e RE BB BE 2 0 % B B
WAEE RO EAED K SRR EaE BB 4 5, 2k 5 ELR T O
BLBERRAL | R R T AL 1 0 R e, PR B R B AR BL , R IR AR 88, 4% EFrR , MRS %
FRAE Lo, kB0 R R e R AE R G4k EBERIRAA .
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ElEi% 88 Explanation of Plates

B 1~7 RAOBFREZRHET. 1 |/ PHEGETE , RRE., 2. NEEHREL . RE
B.HERETE . SEEMMETHAR. 3. MTFEARRESRIEH, PECHFHRL. 4 W
AR /MMETEE, BB EFHEML. 5. MEFER. 6. MIFHRE. 7. BB ERRAES
B OREHREEEA AREBK, MAZENERRE B, (1. X1200;2~7. X740)

B2 8~15. MEMEEEE. 8 HEMT, RS BLAE O B8 A0 25 4 40 IR BR | I 4% 28 Fn s R0
PR, 9- B— KM THE, 10 KEFHEARBEES BT PHR#ESRO, BHP. 11. KEFHME.
12. BEWMKBFEENNBABET . HKAK = RAFBL, 13. BERERBRILMKIT. 14~15.
TERREREEB AT, 16~17. NEEVIFN, UZEE. 18~19. FEEMF, \ZLEE. (8. X200;
19. X 370;9~11.14,16,17~18. X 740;12~13. X 1400)

BiE3 20~31. RREARMBAFDZE. 20. \BEEBEFEMME, BB, 21~22. RiELEY
Fom. B4R RESME RO, —REMETE R EL LA, 23~24. FELET T,
AT, mREHRYWAS SR, 25~27. HEEMH RBARE, 2K 2ARMNR ERE. 28. #HE
BER— By A AR, B M T . 29. BER A AR . 30. BIZEE BB ENERE.
3. MR EWWERAZSETF. (20~27. X740;28~31. X 1400)

B4 32~42. R BAMEFTHR EAREYIERL. 32. TPRMERNR, R HEERE. 33. HEE
TWATHREE ., 34. HAE N\MMRIRAE, 35 BAMRIE, 36. ZHARFE, REW R LR TRE, 37. B
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RRAN, M THENNOERZETERTEGRH. 38 ZURA, REAZEASHLSH. 39. BAHRLE
ML HEEABE R 2~3 M. 0. “HRFRNAEA R R, 41. WO IRIER A T i R
PP 2 ARSI R ST R AR . 42. /\ 2 B R e 4 M B 7 B R A DO R T 4R R A . (33,35~ 38,
40~42. X370;32,34,39. X740)

Plate 1 1~7. Anther and niicrosporogenesis, TS of anther. 1. The archesporium cells differentiated un-
der epidermis. 2. 4 layers of anther wall cells: epidermis (Ep). endothecium (En), middle layer (M) and
tapetum (T). 3. Al of PMC meiosis. Also note the middle layer (MI) ephemeral. 4. Tetrahedral tetrad
(TT). also showing tapetum (T) degenerating. 5. Microspores just separated from the tetrad. 6. Sin-
glenucleate pollen grain before first pollen mitosis, a large vacuole occupying the middle and the nucleus near
the wall. 7. 3-nucleate pollen grains at the shedding stage and showing enlarged epidermis cells with fi-
brous thickiening and slightly degenerated endothecium (En). (1. X1200:2~7. X740

Plate 2 8~19. LS of ovaries. Owvaries, early ontogeny of ovule and development of the embryo sac. 8.
LS of a young flower, showing eight rows of ovules situated at the carpel notches. typical parietal placen-
tatin and ventrals. 9. A unitegmic ovule and a megaspore mother cell. 10. MI (Metaphase 1) of MMC
meiosis, also showing tenuinucellate ovule. 11. Linear megaspore tetrad. 12. The funtional chalazal megas-
pore (FM). other three megaspores degenerating (DM). 13. A single-nucleate embryo sac and showing
other three degenerated megaspores. 14~ 15. The two-nucleate (Nu) embryo sac. 16~ 17. Successive
sections of a four-nucleate embryo sac. 18~19. Successive sections of an eight-nucleate embryo sac. (8.
. X200:19. X370:9~11, 14, 16, 17~18. x740:12~13. X 1400

Plate 3 20~31. LS of ovaries, mature embryo sac. double fertilization and enlargement and division of
antipodal cells. 20. Differentiating eight-nucleate embryo sac, two developed polar nuclei. 21~22. Succes-
sive sections of mature embryo sac showing an egg (E). two synergids (Sy), a secondary nucleus (SN) near
the egg and persistent enlarged antipodial cells. 23~ 24. Successive sections of a mature embryo sac show-
ing division and enlargement of antipodial cells. 25~27. Successive sections of a mature embryo showing
persistent, multiseriate and highly enlarged antipodal cells and antipodal cell haustorium. 28. Two sperms .
released by a pollen tube (PT) enter the embryo sac through a synerid cell. 29. The sperm nucleus nestling
on the secondary nucleus. 30. The sperm nucleus nestling on the egg nucleus. 31. The zygote and the pri-
mary endosperm nucleus. (20~27 X 740:29~31. X1400)

Plate 4 32~~42. Development of the embryo. endosperm and degeneration of antipodal cells, LS of o-
varies. 32. The terminal cell (Ca) and the basal cell (Ch), showing a two-celled proembryo and nuclear en-
dosperm. 33. A linear four-celled proembryo. 34. A linear eight-celled proembryo. 35. A multi-celled
proembryo. 36. A multi-celled proembryo. showing suspensor and differentiating proembryo. 37. Embryo
at the late globular stage when seeds released from the capsule. 38. Simultaneous mitosis in free endosperm
nuclei and persistent andipodal cells. 39. Degenerating antipodal cells, also showing each free endosperm nu-
cleus with 2~ 3 nucleoli. 40. Free endosperm nuclei and antipadal cells at two-celled proembryo. 41.
Showing a layer of antipodal cells like “out endosperm” just out of free endosperm nuclei at four-celled
proembryo stage. 42. Walls formed in free endosperm nuclei at eight-celled proembryo. (33, 35~38. 40~
42 A 370:32, 34. 39. X740
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