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EMBRYOLOGICAL STUDIES OF GENTIANELLA AZUREA

LIU Jian—Quan, HE Ting-Nong
(Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810001)

Abstract This paper reports systematically the embryology of Gentianella azurea(Bunge.) Holub.
The results ar¢ used to discuss the systematic position of Gentianella. Anthers are tetrasporangiate.
The development of anther walls conforms to the dicotyledonous type. All the tapetum cells origin
from the primary parietal cells and the tapetum is single—origined. Tapetal cells are uninucleate and
conform to secretary type. The epidermis persists but the endothecium reduces. Cytokinesis in the
microsporocyte meiosis is simultaneous type and microspore tetrads are tetrahedral. Pollen grains

are 3—celled. The ouary is bicarpellum, unilocular with 4-—seriate ovules on reduced parietal
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placentae. The ovule unitegmic tenuinucellar and hemianatropous. The embryo sac originates from
the single—archesporial cell. The chalazal megaspore in linear tetrad is the functional megaspore.
The development of embryo sac is of the Polygonum type. Epistase is found. Before fertilization,
two polar nuclei fuse into a secondary nucleus. Three antipodal cells persist and divide to form 8 ~
12 cells and contain more than 3 nuclei. The size of the antipodal cell is enlarged several times than
that of the normal cell. The haustorium formed by antipodal cells is distinct. Flowers are
protandrous. Fertilization is porogamy. The pollen tube does not break any synergid and two
synergids persist during fertilization. Two sperms almost simultaneously fuse with the egg cell and
secondary nucleus to form the zygote and the primary endosperm nucleus respectively. The fertili-
zation corresponds to premitotice syngamy type. The development of the endosperm is of Nuclear
type. The endosperm nuclei divide sumul—taneously and each nucleus contains 2~ 3 nucleoli. The
embryogeny corresponds to the Soland type Physalis 1 variation type. The antipodal cells form a
layer like “out endosperm” just out of the endosperm nuclei layer and the degeneration starts from
the division of the zygote. Gentianella differs form Gentiana in following embryological characters:
single—origined and secretary tapetum without placentoids and trabeculae; the persistent epidermis
but reduced endothecium; typical secretary type of the tapetum; 3—celled pollen when shed;
4—seriate ovules on reduced parietal placentae; hemianatropous ovules; distinct epistase; 8~ 12 per-
sistent multiple multinucleate highly emlarged and haustorial antipodal cells; the pollen tube not
breaking any synergid and two synergids persisting during fertilization; having the embryogeny of
the Soland type Physalis | variation type; each endosperm nucleus with 2~ 3 nucleoli; the antipodal
cells forming a layer like “out endosperm” just out of the endosperm nucleus layer ahd_ degener-
ating after the division of the zygote. Embryological research indicates that Gentianella has a dis-
tant relationship to Gentiana and it should be treated as a separated genus. Two genera may be at
different evolutionary lines.
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NEFEE BAUBEEHEBELA SABRE. S/MEERVEENS#, FEG 4 ABERETH
BS5~7BEMR,. RIEMREERsNERDAERMRmAEE R, PEoEERARSER S
MRk EERAR, BREVR/ DR TRAK: WMEXSEMEERARAEERTEA/ R34k
(BRI 1~3), /M FRARLEEs WNERMEFRKMNS & (BRLS, BRI FARME, FH—
HEN/PMLFHREEARY, R—-EAN, 4 MHBRHRFTHHBEARR, WHE—rIEHNETELZ
B/MEFRIREHEME LS.

HETFRLET /MMFANSEERE, SOVHEE/NMF, /MR PR, FABEHB/ME
., MELE-PHET, MEEMEGERXER, RELEAN—0 (BRL6) . BERTRLZOHN, B
ERGAERE, AMERLMEE, mEFRENE LAk, EFMmifinEAamb 2B eErEts
TAERS. EEMRAANSAREE, R TERARS, HAARTHIT Ry BWERHENMET (BER
L7)s Bobrbt, bk 3-4nM. ERREERE, &Rauh, ZHE.

EHEE, BRTHRREE 4 EREN 8 KRB, BBMRE2RE, BELH, LRt
2~3 K,

LHENRE RIEMRSE — R E 5 P R f g A i M M. 04 BEAn a2t o WTE
BINEMRE. NBEABZRTRAEER, SBERAQH &k, a5ERAENERNHE, PEAREERE
3R 2 B EME, HEGENENDEAaREEEFERMRIEGER SN, Bk, BiaEER
EHBEMNET BRI FHE (Davis, 1966), KEBMRELRIFETHAEMRANE, B3 ER (8
R 1,2), HBREZ RS S BaAKk. REE, #HENE, $E2BENLAEERE (B 1:2,3), /MMETFRA
Rusk s {aid, HEMREFERRTR, REARRERE, AEEMRL08E (B 13), ROEHE
WFERNE: MR EEMCRE (BR 14), FRURBERRRE, £ Rk, EHeEK
B, SRk, SF4RNE; WMG=EMNEREE, F4RnERRE (BIK 18).

KEFREMBERTFEEE

FB A, 2.08, —%, BBk, @zl ARy, HAEEKk, ‘

BHANRERARTRA BECIE, KS/NOTEH B E L 7S BI5 0 B I SR D%
—FIEEk, H 45 4 FEETREEALRE, BHRERELEE B IV: 1), ERER PRSI
Bb, Xk RRAG B T RR D B 4E MINE G ) (Gopal %, 1962; Eames, 1961; Puri, 1952), A& L8 B IE 2k IR
#*, REMIRETEHRL, EHEATREN. KETFBMERMYH, BOEE=4ERMRE (BRI,
BN ERR, AT RBaREEr JERE, Rl oRE, BEEREBAZRIL, BERRD
R, ERBRLREL, BEOHKESHERLIEENRE, RAKERSE, Hib, ERBEENZRAL
WMBERHFLERE, HOEERETHROASR, MRKRKE. SEKX. BnE, REREEREHTR (
BAR IV: 10), X —H k&40 5 Shamuov(1988)IEM &R & —F ). ARAZFWABE. TR LA
e, 18258 EHE K.

B FARA THROUREZT. MEHRESERENAR B (BRI 1), SBaREELHE
BORRE, K TRERERE S HERA NS ERRHES, IR 3 M RBTRL, ARARTF
REHTREART (B I1: 2),

BEFERLYT DERRT2AEEE, REITERE B I 3). NERE (BIK 11:4), &5k
RAZEE (BRI 5,6); FRLLBGBRERHRELTBER,
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NERE P& SRR ILRE R B AERE SR, A BRkES (BRI~ 11);REHMEs
Bh 8~ 124, A RB R R, BRI 4~ 5 %, BN 3, B S EE, EMEES 3
~4 B (AR 1T 11~13; BAR 11: 1~8), REMES HE, A& mERERERFERRLRT B, &
PR S EHERR — B RN RI R E&H(ER O 1), REABRERORERZHD, HBRAKIL
SO BE(ERR 11: 11, 12), BLBAAEEEM 2 BY40MR. 1 SR4AMR. SEITERM KA BT R R 400 & 8~ 12
Mgk R 2 A R (B AR 11: 7~ 13; BAR II1: 1~3),
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BB EMARE FEREARS, #ELR, DANREEY. L, R—&EPMIES
BREEALR; HARETHE, EEHMIAER K. EhERIRAFARE, EHTSrsm
M (BRR 110: 6), T8 —Ml, fRREEREfnBhmiu > I A EER, FURfidk 2 mmen 8T (BR
L: 4), BREBBEEZHANKRLEE, BHEARTRABNHKRILEZE, FELRIUR—BalEAR
B (BEE, 1980), B FEAXFFZREST LT EEBR KR LR (Gentiana mashurica), BRI
P EHERRRELEBR T A RE R¥ELE, 1989b), —HFo 55 mfkagMa (BRI 4
~8), WRATHOERILZE, —HPEadBILTRRER#HT. Bt BIEI IR hIT
17, ERZRERZGT T NBBHEMNB4NE. A TosRI e EAaRIERN IR A,

BHEE

BB EMEREENE 1 For, AFF | ko2 B TR A0 e fn 40 e i — 4R R (8RR 1V: 1),
ATE L kBREMEaRtT2H%, BEE, TARMEARERETE 2 ROEHEIR, BR—ES
RIHEZIRY 4 AR (BRR 1V: 2), 4 #fefirk>h L, L, M, Ci, 4 2R RERHMESSE 3 kEE, BRE
70 8 4AkE (L1, L2, L1, L2, M1, M2, Cil, Ci2) JRRE(BRR IV: 3), 8 4HARJEAEM W 4 4400k (L1, L2,
L1, L2) BikEEE, B 2R EL&ASARER, 2 MRELRLMRFERN TR 10 4k
(L1, L2, L1, L2M1, M2) Rt R, mHERHAR (Cil, Ci2) A3 (BIAR IV: 4~5), B L1 #1 L2 4R
W 4 Flan iR MR, BIEHEEREE (Pvt) P FEE (Peo); L'1 F1 L2 4R 4 540l £ kB
A RBE KN ETHSFE (Phy); M1 BRI R R RREE (Co); Cil f1 Ci2 B BAH—K,
REFHAFER, SEEWKN M2 XRHRER ) (BB IV:5 8 1), ATERLBEBRREREETT
B, RaoRmkmaRike 5RNEMR, 4 ARERTHRS MR L) S22 BREARNTFHE
B, 3R 8 MMELEHS, FHELBRAMIEE LT RR GRS 1 %% (Johansen, 1950),

B RLBREBRHNEF

Fig. 1 The embryonic development of G. azurea

RERERE, MRERD, SRRKRE, REKER, SFFARRAREHNE, BEREREFIARBES
Bt (AR IV: 8),
BIKNESH
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MBI EERER, MAERIAERERRERE, OEEAESLSRkAS AL R (ERIV:6), Bl
KEHFHERILE, BRIZEEEREHRAASEHTAY—E (@ 1L 9), RIS SRS
BHERK, BRERLZEELGRERZE, RERSHAFHREOREN;: 7£ 20~30 24K
Bt, BEIZEIEL THERE. e ARG AL A hENHRANE SREST RN, X5
HEJg th F A B HEFN 2 3L (Gentiana macrophylla Pall. )Y IR 2L B A BETE B 5 A (FEEIRF, 1994; SRF4L
% 1989b), FFREM, FEARARE—E, B TrASaE RN, DERIZIE A BI04 s
RN (BIRR TV: 8). KEMIALABMGEEAMTHEREHRFERRE TR WES,

AT 8N, REMARERBERABEZIMEEVREN—BRERE, XUSMRANMHEH (BK
V: 1), 25, REMRMERILERAARE AHRBE, BERER, ECAHERZE @RIV 2), ER
TERERNE R BUR B N R R B TR 23 iiitids . AR B anieimiBiL, MBS mBRNLEdEL YR E
BESN, N, BIEEASRERARBARZA, BR—FKLREHLEKG (B L 9).
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Davis (1966).& £ % BB Bl R IR AR 4 ML At 5 Y, REBREALEH I XBHORKEAREL, Rao %
(1982)R A BRI PR K 2 M EhER, NEHBARBBEURERARHRERSE. THRHAE
94 RRBRRLHHEABENN R 4R, BaBREHEMNR MBS Y 8~124, AaRmE
R AR MR BT B, HFIERENSNE, BR—B+oRUYMNER REH, RE@ARs G, &
AR RERR, A—REKRN 4~5%, ARABIRERANZEE, EMIEEE3~4ME R
RABERHREREZENE, BABRILREROE REARBLEE 2 ARFKELREAETR. X
RHEARTERENEESPRARBN KRR, Eib, WITNHRE IR LA SRR B R
FEE5RGRILMREZ—,

REMBEBMELHREL, REARES&uE,. R, SHaNEREE. EAR. S8ty
B, SRS/, AL, HELAWMEY, RNA SRED; SH.O4MHEERN L REEAR U
AR BB EENZE, H BN (Transfer cell) A4 KB HRMXEFARACMEEREA RGN
M, SHEEHRAAMELGLER. BHAUBEEH—H, @3 8. NESEEHBR, X EEME
HRERERNERYRNTESHESER Kapil &, 1981), BB EBREMBHPIRE, REMH
MBI 2 MRBEILARG A #E4TR, HERBERMNBRILER & fimd T, EREHRBLZE, B
AERRIAEFBICAEE, HEESEILLTRAS AR EERZAEERZRER, Bk, R
AEHBEEGREARARMRROX T IR F, AMEdRERBEKHLESR, RAREBRBHRE
- EEERELRIENET, B—HFHATRABERERHEETHEIL . EEFRKEZHRER
R SEIIEAER AR AERREHNRIIEAZEEEN, REAREHEZENFEBRPETY, Tk
RAMEE. Bk, 2HELURRENEZATEMHRE,

BEBERNRELE

BEBEEEKHMETRERED, Gillet (1957) ¥4RiR T iZBR ARy %G E, Pringle (1978),
Ho % (1990, 1988)¥) St 5B B iZ B sy, HNABEREEHXRRIE, —%/EH (Philipson, 1972;
Wagenitz, 1964; Hutchinson,1959) (B3R i4BE TEERP. BITXBEERBETROZMNRBEERE T
B, BhBEEERBRENEHS Shamrov (1988 R G. campestris R AN W SR —8. Mk
itk RBLER; RERMRER. 2RI, BREA. SBEERASEE, BRHRAEBER E
BIRE, 1994; K%41%, 19892, 1989b) MLLE, —H BAE T A R RSS2 L.
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BB, 1994),

Q) BR A ETFEEYERE 4 5, X848 MBI R (Puri, 1952), BB T BHEIIEA 10~30 FUE
B (Bouman %, 1979; Gopal %, 1962), &ML A (Puri, 1952), REAREIESREEA:, Wik AL E LA
e, BREESROERGEE FEEERPRERZHOER,

3 BRI & AR AR — B4, BiaREE, Mokl EEh FHEA LR £ 25
B—Bhiml, RARLEMEET, FHERREEE (ZEBE, 1994; RELE, 1989b),

@BEEEERBEEIRD, THBRIARSSHEANTER, 8 AMRERE, 12 MREE 4 H & AHE
Fl, MIGAENHBPAMBEE IFE, MEHENTHARS SEBRHESR, HE% 6 MRFRRA BRI
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MLLBORE, BAEEMLEREREGEANERE L, LR ERALIEEEHA —EFBmHEL
RORRIE; —EmE LIS ANESEY LERTE, FUH RS RETRIBELENRTIN ¥, &
TR EARGRLE L BWERRESE L FEERTHANERREL. B THAERNEREREED
#HED, X EERTHFH—-FHILRSRIE,

g A SORBRHERERIRINERE,
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B L 1~7 REHER/DPRTHRE. | BHRIE, &/ TR, 2. K8 E(T) R BARECPMOMERK;
3. /MEFRARCPMOBE Y AR, R B, s BIEHBMIE: RER(Ep), HEAE(En), HEFRMLFIA
HE(T); 4. W E AR/ T4 4(TT), RERTF#IRG(T) Bk, 25 A B (En)B LR % BB (Ep)RI%L; 5. Ik
IRy /NE TS (TT); 6. /NMET B0 M, 7. REFE AR HERFEME T @ :LPR); 8. (AT IEH & 3~4,7
~8, X740,1~2, 5~6, x 1400)

B IL 1~ 13. RARFHAE SERN2L. 1. ARTEAR MMO RRERY; 2. AHRARTFRENDE
KIBF (FM), HIL%E 3 A KRBFRIE (DM); 3. ZHETE (Nu) RBILIIKEF(DM); 4. UL (Nu); 5~6. bidst)
F, AR (Nu); 7~ 8. HEET K, R H LB, 8 (Pn) &, 9~10. HELY R, R Ha LR E, =
B (Pn) BRMABMRBAK (Any); 11. ERANRE; 12~ 13. ERMA TR KA (SN). B0 (Bg) . BYZIAE (Sy) &1
REH (Ant), (1,4~13, x 740, 2~3, X 1400)

BERR IIL 1~ 8. ;RN 9. R AL, 1~3. A&, R BB, =50 (Eg). ZBh4IlE (Sy). w4 (SN) f1
RE S (Ant); 4~ 5. ESE ) EBERRE HH T (Sp), BHZEMH 8141 (Sy); RBEAR (Ant), 2 EHH £
B, Bk 6. /R R # (Sy) Bk 4 B (SN) Fu8, R 2408 (Ant) WL R B HFHFAEA BAMR (Sy); 7~8. HELD F;
AR B (Sp) RILIR (Bg); B—RECIRBEMA R LKLY (PE), R 2411 (Ant) A9l A 1—B L/ Bh M (Sy);
9. AT (Z), EEHBEREI (Fe), BHH K B4 (Ant) DA R B RIRIE K E MRBIE SN X LR EFEHER. 1~9,
% 740)

MR IV. 1~ 10. REMELHEF. | ZHAREFEE, mENEROTMAR (Ca) FiE M (Cb), AERIESL (Fe) IR
AR (Ant), 2. HE&F 4 MIRERE, FERRAMR 2O, 3. ARE 8 AREIE; 4~ 5. 16 ARERE; 6. mEALBRSE
“538;7~8. HHWEE (B), 2~ 3 SUEMHAN, 9. HRAN, HFHEMNGE (B) REFEREEM; 10. FFLER
(Ep); 11. 4 5| IE2k R B 4% (V). (2,9, 10, x 370;1,3~6,8, x740; 11 x200)
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Explanation of Plates

Plate I . 1~ 7. Anther and microsporogenesis, TS of anther 1. Differentiated PMC under epidermis. 2. Origining of
Tapetum. 3. PI of PMC meiosis. Also note 5 layers anther wall cells: epidermis (Ep), endothecium (En), 2 middle layers
(ML) and Tapetum (T). 4. Tetrahedral tetrad (TT), also showing tapetum (T) degenerating. 5. Tetrahedral tetrad. 6.
Singlenucleate pollen grain before first pollen mitosis, showing a large vacuolate occupying the middle and the nucleate
near to the wall. 7. Showing the reproductive cell dividing to form two sperms (arrows). 8. Enlargly and fibrously devel-
oped epidermis (Ep) and degenerated endothecium (En). (3~4, 7~8 x 740, I~2, 5~6 X 1400)

Plate II. 1~ 13. LS of ovaries. Ovaries, early ontogeny of ovule and development of the embryo sac. 1. A unitegminy
ovule and a single megaspore mother cell (MMC). 2. The functional chalazal megaspore (FM), the other three
megaspores degenerating (DM) and also showing linear megaspore tetrad. 3. The two—nucleate embryo sac and degener-
ating megaspores. 4. A four—-nucleate embryo sac. S~ 6. Successive sections of a eight—nucleate embryo sac. 7~ 8. Succes-
sive sections of a differentiating embryo sac showing two polar nucleus developed and moving near to each other. 9~ 10.
Successive sections of a differentiating embryo sac showing two polar mucleus (Pn) especially showing antipodal cells di-
vided into 5~ 8 nucleus. 11. The two fusing polar nucleate. 12~ 13. Successive sections showing the secontary nucleus and
antipodal cells and antipodal haustorum having developed. (1, 4~ 13 x 740,2~3 x 1400)

Plate III. 1~9. LS of ovaries. Fertilization in Gentianella azurea. 1~ 3. Three successive sections showing a mature
embryo sac, two synergids (Sy), a egg (Eg) a secondary nucleus (SN) near to the egg and persist antipodal cells (Ant). 4~
5. Two successive sections showing two sperms released, persistent multiseriate highly enlarged antipodal cells and two
persistent synergids. 6. Two spems (Sp) moving near to the egg, the secondary nucleus and two persistent synergids. 7~ 8.
Successive sections showing a sperm (Sp) in the egg, the primary endosperm (PE) and enlarged antipodal cells. 9. Showing
zygote (Z), free nuclear endosperm (Fe) and persist antipodal cells. (1~9 x 740)

Plate IV. 1~ 9. Development of the embryo, endosperm and degenerating of antipodal cells, LS of ovaries. 1. A
zygote divided transversely into a terminal cell (Ca) and a basal cell (Cb) showing a two—celled proembryo and nuclear
endosperm. 2. A linear four—celled proembryo also showing nuclear endosprm and degenerating antipodal cells. 3. A
linear eight—celled proembryo. 4~ 5. A 16—celled proembryo. 6. Simultaneous mitosis in free endosperm nuclei. 7~ 8. A
poly—celled proembryo. 9. Embryo at the late globular stage when seeds released fromthe ;:apsule. 10. Indicating epitase

(Ep). 11. 4 rows ovules and four ventrals(V). (2,9, 10 x 370;1,3~6,8 x 740; 11 x 200)
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See explanation at the end of text
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