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Sporogenesis and gametogenesis in Chinese endemic plant
of Dregea sinensis var. sinensis ( Apocynaceae sensu lato)
and their taxonomic insights
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(1. Department of Biodiversity Conservation, Southwest Forestry University, Kunming 650224, China;

2. Department of Life Science, Southwest Forestry University, Kunming 650224, China )

Abstract: Asclepiadaceae s. str. and Apocynaceae s. str. have been combined as a monotypic family of Apocynaceae
s. l. based on molecular data, including 5 subfamilies and 25 tribes. However, the relationships between subfamilies and
tribes are complicated and needed to be further clarified. Sporogenesis and gametogenesis in Chinese endemic plant of

Dregea sinensis var. sinensis ( trib. Marsdenieae, subfam. Asclepiadoideae ) were investigated using paraffin sectioning,
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and then the observed embryological characters were compared with those of five subfamilies for taxonomic insights. The
results were as follows; (1) The anther was comprised of two lateral thecae containing a pair of pollinia. (2) The
developed anther wall consisted of six layers, including an epidermis, two layers of endothecium, a middle layer, and 2-
layered tapetum. So, the anther wall development was of Massive type. (3) The tapetum was uni-nucleated ,2-layered,
and of glandular type. Endothecium developed fibrous thickenings heavily and a slit occurred at abaxial position of each
theca when anther was ripened. (4) The microspore mother cells underwent meiosis with a successive cytokinesis and
produced microspore tetrads with isobilateral arrangement. The microspores retained in tetrads developed into 3-celled
pollens by mitosis twice, which formed a compact pollinium. (5) The pistil was composed of two separate carpels
containing many anatropous, tenuinucellar, and unitegmic ovules with marginal parietal placentations. The development
of embryo sac conformed to the Polygonum type. These embryological features observed added new data to the tribe
Marsdenieae. It was confirmed that the recognition of a monophyletic Apocynaceae s. [. was supported by some
distinguished and related embryological characters among five subfamilies.

Key words: Apocynaceae sensu lato, Dregea sinensis var. sinensis, sporogenesis, gametogenesis, taxonomic significance
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1. —JAEREUII , 7R 5 AHERE BRI S85 & SOE HER — %8, AR 25— XH M AR 25 38 2 s 2. AEZ5 = ), o /MR 40 U Y A6 24 B
MBI R 2 SR 253 NBE 12 2 RHEZ ; 3,4, NMETRANNEME 2 1 UYL 25 BE R 3R AN ML AN 4 | 25 5 N BE R
FIGREL R AN &k , LGNSR 4,2 41 5,6, /NI T-RRAN MO 324 T IS0 i) AR 24 BE | 2558 A RE I BT AP , rh = R0 Es 2 4k
SEREfE s T-10. /NET VUSRI AE L RE | 112 - 2% Y RELFARIR IR I &0, 3% iz A0 A oPRaR Ak 5 10,12, FE25 2 WD), s e TG -1
RE SRR, 2 % il AR IR 2~ A AE R I (12) | fE 255 R IR 5 13,14, ARAAEZY RORE VDT , 7% 3200 AR R i 01 P 18
ZYRERIT 2L, AE24 2 U T A el 11 BRI TR OMAE R 2 00 ME R IOk o ot Z5PRALZY; ep. RECUNML; en. 2y NEE; g GEE;
ml. 12 6 AT ta HER,

1. Cross section of a flower, showing five anthers in a whorl around a gynostegium, the anther are comprised of two lateral thecae; 2.
Longitudinal section of an anther at the mother microspore cells, including an epidermis, 2-layered endothecium, a middle layer, and 2-layered
tapetum; 3,4. Anther wall at the stage of meiosis | of microspore mother cells, noting a narrowed epidermis, 2-layered enlarged endothecium, a
developed middle layer, and 2-layered and uninucleate tapetum; 5,6. Anther wall at the stage of meiosis Il of microspore mother cells, noting
enlarged and fibrous thickened endothecium, and the debris of middle layer and tapetum; 7—10. Anther wall at the stage of microspore tetrads,
noting seriously thickened endothecium and toothed epidermis; 11,12. Anther wall at the stage of 2-celled pollens, noting the heavily fibrous
endothecium; 13,14. Anther wall at the the stage of 3-celled pollens, indicating the formation of a slit in a ripened anther. ct. Connective
tissue; ep. Epidermis; en. Endothecium; g. Gynostegium; ml. Middle layers; t. Thecae; ta. Tapetum.
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Plate I Anther wall development in Dregea sinensis var. sinensis




1. ALY\ ONTH 7R/ TR A4S B KA 5 2,3, /MET T RAYTE A, o 2 TR 01 (2) T8 A 2 4%, oo 2 1 R
(3) AL T S 1 T 20 L B (353K BT, 3) 5 4. /ML T BRI A R TS 3, /MR T Rk 3 24 T8 R 2 AT 4%, 3B i 7 1)
Ptk s 5=7. /NI DU S U ] O 40 i e B W7 W 0, 22 S A2 AR B HES ) 5 8. /N AR AR AE DU S A I, S8 i A 22 43 B8 P> T A0H
(Hik 7R ,8) 5 9,10, 3-ANMIBIAEM MTE L, B — > T AU S04 R 38 FR AN, 55 — A>T AN 2k 25 50 T8 S A s 40 . 5 Sk B
715,9,10) 5 11,12, AR AR M5 K8 BEDD I A JEA PUE (11) A0 KA PIE (12) o ve. #IRANML; sp. A5 A0

1. Longitudinal section of an anther, indicating microspore mother cells with rectangle outlines; 2,3. Formation of microspore dyad, indicating a
cell wall between two daughter cells (arrow in 3); 4. Formation of microspore tetrads, indicating a cell of dyad dividing into two daughter
nuclei ; 5=7. Microspore tetrads with obvious cell walls; 8. Microspore in tetrad dividing into two daughter cells (arrows in 8) ; 9,10. Formation

of 3-celled pollens; 11,12. Cross (11) and longitudinal (12) sections of a clavate pollinia. ve. Vegetative cell; sp. Sperm cell.
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Plate I Microsporogenesis and male gametogenesis in Dregea sinensis var. sinensis
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1. TP MUTHT, 7R PR A BE 300 2 i B 2 I 2 A A IR B 5 2. LB BRI AT, 78 S A I A IR BR | B0 B2 Y 4
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W, RABIRE AR Y B RIS s 7. 2 BE-BRIC 105 10 4 8% - MERC TR B 300 0% 33 A IR BR (7 S BRFLAL ) 5 9,10 181 10 JrAE A
FRO> B IRERESE D) YRR I O 4 R -G T4 (11,3 A T4 12,58 4 TR, INETR IR ) 5 11, 8 A% - MEFC T4 I J0) ) I B
DI 5 12. 13 PARBRAYIRGE RS (JTHE A) TR I, 7% — 0 B2 20 B A BN 25 5 13. 8 A% — M B0 -4 Bk 90 104 AR 2R A\ D) T, 7 8 4 By 440
JiL —4> e gL AR — A SR AN 5 14-16. BAHERC T R S0 Y AR SR AL SR ) R, BRFL SR A 2 S BRA0 MR 1 AN e i (14)
BRI 3 R R R A, 55 1 AR e A 3 AR ALY RO A0 HURE (15,16) . an. EAIAE; ce. PTULAIfL; ch. RN
eg. GRANMIL; my. ZRfLuw; fu. ZRAA; sy. BhANM,

1. Cross section of an ovary, indicating two separate carpels including marginal parietal placenta with some anatropous ovules; 2. Longitudinal
section of straight and tenuinucellar ovule at early stage, an archesporial cell functioned directly as a megaspore mother cell (arrow); 3-—
5. Formation of a dyad (3) and a tetrad (4,5) of megaspores, noting three megaspore degenerated with one at chalazal zone developed as a
functional megaspore (arrows in 5); 6. A functional megaspore in an ovule; 7. 2-nucleated female gametophyte ; 8. Longitudinal section of some
anantropous ovules at the stage of 4-nucleated female gametophyte (arrow indicating micropyle ) ; 9,10. Successive longitudinal sections of an
ovule in 8, indicating 4-nucleated female gametophyte, noting three nuclei in a section (arrows in 9) , and the other one in next section (arrow
in 10) ; 11. Longitudinal section of ovule at the stage of 8-nucleated female gametophyte; 12. Amplication of part A in 11, indicating two
antipodal cells and an egg apparatus; 13. Longitudinal section of an ovule, indicating partial 8-nucleated female gametophyge with two syngerids
and a central cell; 14—16. Successive longitudinal sections of an ovule, showing two synergids and one central cell at micropyle (14), egg
apparatus, the other central cell and three degenerated antipodal cells (15,16, arrows). an. Antipodal cell; ce. Central cell; ch. Chalzal zone;
eg. Egg cell; my. Mycropyle; fu. Funiculus; sy. Synergid.
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Plate Il Megasporogenesis and female gametogenesis in Dregea sinensis var. sinensis
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Table 1 ~ Comparative embryology of five subfamilies in Apocynaceae sensu lato
B U EER} Be SCIATBERE

RG2S E Aesclepidaceae sensu stricto Apocynaceae sensu stricto
Embryological
feature 0 5 1 O FLE R 5 0 S ATHE TR AR

Secamonoideae Periplocoideae Asclepiadoideae Apocynoideae Rauvolfioideae
=R A 4 2 2 4 4
Number of theca
O ST 2R PDU LRI Pollinia V& FEH) Tetrad AR Pollinia FERYRL Pollen FERYAL Pollen
AEZHREZ Number of AW 6 ~7 6 ~7 6 ~7 5 5,5~6, -10 ~ 14
TEZGREIHAY AW type ZJZA ZJEHR Z R BEAAY FEARA 2 R A

Massive type Massive type Massive type Basic type Basic type, Massive type
2% M &E Endothecium i3 Yk YerE, LIRS o 2 d

Fibrous Fibrous Fibrous, absent Fibrous, absent Fibrous
Y52 Tapetum R 5 B HARE) R Z 5, W %) UU 5] UU
uu uu £ £%| UU, MU, MM
M 532 Cytokinesis [Fi iy 41 [F] B A4 [F] I Y 3 2 Y [ Bef 2 % £ 70 (i) ef 2 | 3% S
Sim- Sim- Sim-, Suc- Sim-, Suc- Sim-, Suc-

PO 4344 Mircospore tetrads

WA Pollen
Rz Carpel
JEER Ovule

TE U, 26474 B, 550 X, 4 T

Tetraderal, isobilateral , decussate, linear, T-shaped
3 2- 4 3-celled, 2-celled
2,8 A 2E Separate, syncarpous
RO B R EE R

3-4HfA! 3-celled

2, B Separate
R 4

Tenuinucellar, anatropous

PRk Integument
6 Placentation

WEFEIEH] Embryo sac type

Tenuinucellar, ana-, hemiana-, orthotropous
BATR Y Unitegemic
%% Marginal

Y Polygonum type

1. PDU. M RoCIEA; AW, fE258E; UU. B 531, MU. i £5]; MM . £#£5; Sim-. [Fi8; Suc-. #E£:#); Syn-. &
RS, (Mulay et al., 1965; Davis, 1966; Maheshwari, 1971; Maheshwari & Lakshminariayana, 1977; Lakshminariayana, 1989;

Jhori et al., 1992; FEHEZ 2011;XIME%,2016)

Note : PDU. Dispersal pollen unit; AW. Anther wall; UU. Uniseriate with multinucleate; MU. Multiseriate with uninucleate; MM.

Multiseriate with multinucleate; Sim-. Simultaneous; Suc-. Successive; Syn-. Syncarpous.

an: SFFHERE S F- 2 )8 (Maheshwari, 1964 ;
SERE, 2011 5) (28 fA VR (X845, 2016 ) 33 1 7
J& ( Oxystelma) ( Maheshwari, 1964 ) DA K A SC 5%
PRy raE, HAh, LRI W T B EAR WA P
A1 JBK J& B9 Apocynum androsaefolium ., b V5 K J& 1)
Holarrhena antidysenterica ( Latto, 1974 ) Fl i & 1%
J& ( Plumeria) ( Chauhan, 1979) . {H15 ¥ & )&,
B SER LA 1 — L ) R £ 72 P b 28 LS 1 22 DL
WG, K HILE D Catharanthus pusillus ( Bhasin ,
1971) Fl & 2 K J& B9 Rawvolfia canescens ( Meyer,
1938) , M SCE EERL R I AT Bk B 15 [] ) 7 7
PP 5T 53 224 05 20, R ) SCI AT BB 10 1 o 4 it
TSR . oAb, B AR AR [ — )
e L P b 5 o 2R 0 SUTE B T A ) TR A
W AEARRADEIE

4 /ML IO oA i HE SR X 22 o A Ak

PR, 5 5 AR RER 7 G ARBL, [R 7E AT
HEE B9 1ETE A (Holarrhena pubescens) | [ ik
3 IO oA A i 5% B 28 BT T- AU HES) ( Latto,
1974) . A WFE R W (Nadot et al., 2008) , # F
L) (18 R AR R B AL vh /N AL 7 O AR T
[543 %475 AN - 18 23 1A B HEBE XA — 2 Bk
RN I S BB 53 347 A Y /N 6L T I AR
HA VI (8558 RS, T AU 2688 | {H [A] B
BRI /N1 I o3 AR g HE BB X 241k, B A 1
NIY WA IE AR BRI ZETE . Bk, 7 SCJe ik
PN 67 10 73 A 1 22 FEAR Y RS B H % &/ O
X EHGEM,

WA T R KA 2073, KRB N 3~
YIRS AE R | HEAT HIOHY | 3 RTBe SR EERL Y 3 SR
Bh—Z(Johri et al., 1992) , SR, 76 4% LI AT HE
BHEY 2 AR B 3- 2 M B AE Ky b iR A 2 -4
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41 %

MBS A8 By, B . B OE R W R B K F AR
( Bhasin, 1971) Fl1J& 778kl 19 1E75 K& ( Latto,
1974) 5% £ )& ( Chauhan, 1979), —J5 &, F-
W WF 5% 5% BH ( Brewbaker et al., 1967; Webster et
al.,1982) ,70% W H T HEY BA 2- 4R 4L Ry , 78
HEAL B AR IR AR D BRI 340 il Al
AEN, A AR BE B, UL T K A AE ) R A B R ER
Oy EAKEYY , HALIA g 2 i AE 0 B 05 A 3
PR AL, Sy — O, A R TR o BT
P SRETREFEFNARAAE Y b, R B 6] )&, £ 2 W] —
AFHAYSSHE R G T 2 -4 R R 3 -4 i Y Ak
MRS KAl ( Euphorbiaceae ) ( Webster
et al.1982) 7% 7% & #} ( Annonaceae) (Lora et al.
2009, 2012; Gan & Xu, 2018 ). A& % F}
( Magnoliaceae ) . i #§ F} ( Calycanthaecae ) DA }
Monimiaceae ( Johri et al.,1992) , I, 5 &}
BA 2-20 A A 3 -4 i B AE By i L AE IR )
SCIAT OB B L AL T A

3.4 BIKFEER FHELE

AR I HE RS Y 2 AR AR O R, B G iR
JE B A B THEER Ly | R N 2R I SRR A
5 5 AR RS R 24 FEAE— B (Johri et al.
1992) , TEEBSF I AT R A8 AR A7
HEESE O K (HFIEMEFTEH,1977; Li et al.,
1995) - 8] A= F1 L 37 R BR 55 R AE (Johri et al.,
1992)

25 bR A B R /N 6 R A M B 5
R T W BRAN T T A S5 B MG 2E Bk, )
WF, AR IG5 3R W 5 AR 48 25 & B FRAE BE
AAE X0 SOAH IR R AL HF T LI AT BE Y
S, o S W IR 245 Kk B RIE R 2R

i #XBEHIANSFARFILLRE LA
¥ E A R ALY AT R PTE BRI 6 A B
Tk K FRAMNEEFFERBERESE,
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