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Research paper

Microspore Development of Viburnum
odoratissimum Ker

Kun-Piao Chang! Chiou-Rong Sheuez Wen-Ting Chang?®

[Abstract] The development of anther wall layers in Viburnum odoratissimum belonged to
dicotyledonous type and the cell wall endothecial layer showed radial thickening during pollen
maturation. The tapetum was a secretory type and composed of single nucleate cells. The development
of microspores could be divided into seven stages that were stamen primordial stage, microspore
mother cell stage, meiosis stage, tetrad stage, vacuolated and free microspore stage, two-cellular
pollen grain stage, and pollen maturation and anthesis stage. Microspore mother cells undertook
meiosis with cytokinesis simultaneously to produce tetrahedral tetrads enclosed within callose wall.
The surface of mature pollen grains was tricoporate with irregular reticulate scul ptures.

[Key words] Callose, pollen grain, tapetum, tetrad, Viburnum odor atissimum.
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HERRE (Viburnum odoratissimum Ker) £
Gl AT > R MIMEESRS » LH
Dimdefh ~ il — o s - @A
(Caprifoliaceae) » #5348 (Viburnum) o 215
ZRAZRHEY)H) 18 [§ 450 i > H A5k B h
Y=t 5K 200 16 > 54 F 15 f# (Yang
and Chiu, 1998) -

Gl AL RHEYIE S - Ba KR (Sam-
bucus) g5 $R{0/& (Lonicera) &=t F34EH] -
HEE R E AR 2 2 FEREIY - 3
HSEARB (Abelia) 2 K15 (A. chinensis) 2
(REIF75E > 1992) - FFeHs R EE Fr AL
e A S0 (Diterpenes) B = iiff{L &
Py > AIHEGTA A SRR (Shenetal., 2002)
~ /INBEERUIE AR =i AR (triterpenoid
fatty acid esters) (L&) » JRATHEHTA KA Bl EL
1l 2 BEJEa#ENf (Shenetal., 2003) -« [t4F » Hi
ittt 2 5t B BESEIRRRT LR » B 2R
ERAG 2R - BAFR - A - ELELE
REFEL AR » JR% Robs R iz Bk ERE D) (3
JRAE » 1994 5 BZEHLE > 1994) o

FH 7 35 S A7) R K St i B 1) 2R FE )
i - HEAERIR 2R > Hodk L EE=P
A HEF5 1 (Jonesand Wheelwright, 1987, Krannitz
and Manu, 1990) Eilfi (KR MERR B8 2 2 it
g¢ (BRFE I » 1999 5 fEBEFESE » 2002 5 5RIE
2~ RS - 2007) - RHESHOAE L BR A VIR
J7 e B R Z o ASRFSE 2 LA
AERETF ~ WEIEY) F Bildai =X e sy
(] > BT T C B R 7 L B 1Y)
HEL - WA H %7 B B A ) LR
TRE A

T~ PERFERL T
Histst < FATEAZ S b s 11 5 T AR 224
4 H T REAM] » aABs AR R A 2 M BHRER B
Jt BRUR BB R SIS RN © IREEZ AR E
I HAE LR LL FAA (formalin : acetic acid :

Hipst e T E

50% alcohol (v/v) = 1: 1 : 18) :{THi%R[E E
A BUE @A > S SO%IPRETE DEHR - IR
701 K5 R DR AE R T (Z2i13E » 1975) -
(—) =B R (scanning electron micro-

scopy, SEM) §its

AFER it 2 A BE 85 (Carl Zeise Stemi
DV4) THfus4% » FtL) 2.5% glutaraldehyde
- 0.1 M WhERAR ERANE (PH 7.4) EATRIEE -
FFLL 1% OsOq - 0.1 M Bl R ErA RO E T 121
E > FOPRE-PIBAR Itk % - LA Hitachi HCP-2
RUEG SBEEZ R PR T R SUREEZ 1 (critical point
drying, CPD) » FHRER R o s FtE T
& (HZRK 2% > 1991) » Ff%E R Hitachi S-3000N
RN [ Gl TE ST v
(@S] ]S g 1E

ARG 2 SRR B OR AR P AR i
KOS =TI (tertial butyl alcohol) %17k
% > MDA EIE - DU Eh U] F 8% (Shibuya
Optical Co., Ltd. Tokyo, Japan) §JHY{ 5-6 um 2
HAEY) R - FARGHT A (Tissue Section Ad-
hesive, 1% Sta-On, Surgipath, USA) 5L A #
Wl b 8 AR - DL 1% safranin-O
2 0.5% fast green EATHEE YL Oz E (S5l
#E » 1975) o BIRGH K A3 Fr FIIFIDCE2 B 5
(Carl Zeiss Axiostar) &% ') Nikon COOL-
PIX5000 fHEEHFHEC %2
(=) BRIEVI K 285

ANTRIHREHA 2 A 1 B L[] 7 B 7K 5 325 B il
Z SEM i@ A » AR K2 100% 2 R
% » FLUEREEENE (Spurr's resin) i< Pl g4 -
{EHSERGSE M A RIS A > (R E
TO°CHEFERE 8/\IF5E R & (Spurr, 1969) -

{5 BT B 8% (RMC MT-X Ultramicrot-
ome) » DUBYFEJJYJEY 900 nm 2 4] 0 Ll
Y B IUE 1 A BK 23 b o SR &
{fi (Chloroform, CHCIs) @& {HE Y] R » H
LL 1% R Z B (Toluidine blue in 1% Sodium
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G HEEZIR RO SRR S (OLYMPUS
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ZAEUKIB UERZ IR R > & L2 I 1T Rl N7 B
Fros RECRARER (Nikon E400) M EIERIN ARG
FLERZ o BHIREAE RN EE Y thf% - 8 CHAT
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2. HEHE

Fel IR E RS 790l (acetic acid) Hh 2 3
# > FER 1%% B 528 (Coomassie brilliant
blue) fi* 60°C T~ Hyfhs 20 73§ % » FFLL 0.1%H
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ERRATASRE MSIRIGECER . o (UM RIS 5
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fi> 40~60°C F4eth 30 7y fiif% » FHENS 70%i1
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2001) -

=~ il R
wﬁgﬁi/

=~ f
(—) LB ME T 2 % H

53

Hit st CEE B M1 E A e ) R
Al s eSS AR (stamen primordal stage)
JINEFBEAREEA (microspore mother cell stage) ~
By 28] (meiosis stage) ~ Y731 (tetrad
stage) ~ M LEL H H/ M1 (vacuolated and
free microspore stage) ~ #EAH EF R B (two-
cellular pollen grain stage) Eil {Ey Rk BhELEHAE
HA (pollen maturation and anthesis stage) % 7
{EIREER - ZRF S REEERBAA T
1. SESIE N

HHAEEE Z K U] mT 4 - {EZEARIR (anther
primordium) 4] HH— i 745 2 MR (epi-
dermal layer) L)L R A AR 7Lt (central
cell mass) (G #E (& 1a) - H&FIAZR KM
N E F3R AL (epidermis) » FKEZAHIAE —HE
RPN K g (hypodermal layer) ([ 1b) o fif
ECEEREE o N E T R R
72 A O I )k (R BE JE (outer primary parietal
layer) B A f@ %)% HIBEfE (inner primary parietal
layer) wife i (& 1c) o LRI EEaa AN
B EE AT ARG > 2 - (o 0 S i S B DU
TR » St L P Jigh 497 B U s 2 e A K
iR (archesporial cell) (& 1d) - ifide
TR ARV EE et HIAE 1 T2 S5 0 L eI R
i - BIFsSH e Kk &Lt (outer secondary
parietal cell) Bl (A g il (Bt (inner secondary
parietal cell) ([l 1d) - ff% » /e ik {HIEE ]
BT RS A TERI I g R fLEE A BE
(endothecium) B {i7 > 4 Jg i) il g (middle
layer) » 1 A fig 2l (I B2 i it U il 22 22 g
(tapetum) (& 1e) o
2. /ME-F R A

fl AR Rl (AN st 2 > TR A
& (primary sporogenous cell) ([&] 1e) »
bk 5 0 A RS20 s R ol s 7 I A - R
(microspore mother cell) » [LHAAAIEER 2258 ik -
KERTT 552 ATE o ILIlZ fE4E8E 2 7 {LRA
B HOh MmN B R AR ~ TESENEE ~ il
e Bies eI (8 2a) o P » KA
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1. et -3 FIRE -1
a~C : FRALEENEYIIH 5 d~e : BILEEREYIH - a-d REESIAEI 5 e B/ MR (Acfls
Al s CCM:rhruHtRfEE 5 EL: SR 5 EnEEE ke ; Ep:a ey s HL T i@ 5 IPPLiA&E
IR AAEERG 5 1SPC: g R MIBERERE s ML:FRfEE » OPPL S e 1k HIBEf& 5 OSPC:At g Ktk
{HUEERHAE 5 Psc) A& Uil - T &g ;s Tellusrds) -

Fig.1. The early stages of microsporogenesis of Viburnum odor atissimum (1). a~c showed longitudinal
sections of anthers. d~e showed cross sections of anthers. a~d: Stamen primordial stage. e:
Microspore mother cell stage (Ac: archesporial cells; CCM: central cell mass; EL: epidermal
layer; En: endothecium; Ep: epidermis ; HL: hypodermal layer; IPPL: inner primary parietal
layer; ISPC: inner secondary parietal cell; Mmc: microspore mother cells; ML: middle layer;
OPPL.: outer primary parietal layer; OSPC: outer secondary parietal cell; Psc: primary sporogenous
cells; T: tapetum; Te: tetrad).

3. Yk R ([&] 2b) - EHATE4EZE R MR B A — AR L » Y
7 FAIIARIRA S 2 A - AT EREREI R FR R B ST 5 (LSRN BERAT—IRF NG £ 10
B AN R AR 7 SR SR B R B S B SR JZ 5 Rl S LeRE B IR R] L EL S i 1 )
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1M 22 g Rl AE T 0 B — MR - It
Ot o BERE BRI REIUAS S — Ry A
Syt (dyads) » KSR fREE L ER YLt fs - [REEOLEE
PR B 2P LR S > m] R B
I AR A HERE (18] 2¢-d) -
4. Y5yl

R — RIS oy ZERR AR M T ) i
(I 2c) FRASEER — R4 - TERKPY 74 (tet-
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Bz hiHlfg AlsE 2 LA L - R fahiinEd
L > T LEEPBERIN < AR EE IR G R )
IS RINIE 2B o E—IRFII A AR S
HUMERS > w] DY o0 B8 M 752 2 Iy R DY {1 )y
8 - HbsS PY oy B MR T Z PSR DY S
(tetrahedral type) » & < I AVE O
LBl - R CRAMER T 23 By
IR s p) E O C I HE (1] 3a)

2. it T R IR Ee-2
a-b~ e : JLEEHEYTE ; c~d : fLEEREY]I

a~d IR A - b [E TR B R B (Wi5F) 5 e RIUT RN (En:dE= B ;5 EpR Kzl
fg s Dy: 7 s ML:rpfElE s MmeyMEFRERIIIE 5 T2 5 TellUsrHe) -
Fig. 2. The early stages of microspore development in Viburnum odor atissimum (2).
a~b, e: Longitudinal sections of anthers. c~d: Cross sections of anthers. a~d: Meiosis stage.
b: Movements of chromatin (arrows). e: Tetrad stage (En: endothecium; Ep: epidermis; Dy:
dyads; ML: middle layer; Mmc: microspore mother cells; T: tapetum; Te: tetrad).
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5. W8 H H/ 13

WA e BRI - RIS R N1 PY o)
W o EPIRE LR - /MR R R L5
e > RIS ue it LB B e/ e 13 o RS 4
PErhh) MR - B RN
AR ) Je e - W& — IR EEF 2 1)/
et (& 3b) o fEtmEESS - HRSE 2/ MEF 2
Z$E L =L (tricolporate) » th AJBHEAE Hi/]\
fol 2K BA 2 A HHIHER (& 3b-c) o BiF{E
LN EE AR ME - 22 g nT AR
FEATFL/ NEEYE - EPIRE Ltz
¥ EEIGMAEE R/ METF 2 (& 3b) » {H
BaZ B Y LU - 728 2 e HE R F DU A E e
W0 B TEEERE dh iy 1 FA & (& 3c) -
6. BRI LAY RIHA

B R AL T ERY KA 2 M F IR E A —
{IEAHAE > B3 71554 Sl A (generative cell) Bil
BN (vegetative cell) o HEIRFE £ /G 5 T-5¢
DAL » HFN — SRR AR R {ERp BE 2
T+ {EEESR K7 @ IRRER Lefir ke - BNEY)
KEWD 5 MAEEENBEILZ MR HIBARE A

Hipst e T E

AR r IEE R A (18 3d) ©

7. ALK R ERBATEIA

(e A E BB IRE - AEYT S
B2 IR LSS BE R < Al BE S ABHE RIS
AR (& 3e-f) » HASRISEEAHAL .2 ~ IEH
SEREEAMENR - WHEIHERAIH 4R 2
P - % %ERE (septum) I K 2 TR —=
(& 3f) » E5E LIKE m B 2L 75 2URF ALk LR
(& 39) - 28 E RN SETE H R Rl 2 TP RER
ANSKRH NENBRIR (8] 3h) - iR ERy R 2
T B AL 2 #EARTE AL (irregular reticulate
sculpture) (& 3i) -
(7)) AHRRA B2 M E

TEEH'EZME £ > s Ek RIS 5 1S
g etk - SHRE O ZIENE - BUR
A itkhi e HEEE (8 4a) - k2 HERE
Tl G (o i A 2 BRRT AR PR B (O S » B
AR R RY (7 1 (8] 4b) - IEE < HIEHE
HHERFHE B etttk - EHEREO ZENE - B
AR E RIS (& 4c) o
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a~c~ e~ LRI 5 d - RALEEHEY)I 5 e~ o~ LEEELIL I a i = AR Rl v
i

a U ez M EB A NS 5 b~c il il 5 d/ M1 - B8 et M+
ZIE (§9%) - H/MEF B =87l (R758)  d REERIRIER R » /e BA 4G s &
M (FF59%) 5 e FRALgEmaE 2 flif e S ARHER IR (F55%) 5 f RqEM R EL{EEERA 2 - 450G
FURRIESERENG & (RT9%) + 9 REURLEERMEmPIZ s h BALde 2 R ; | AU RIsHER (An:
L85 5 EnBENEE 5 Ep:R Al 5 PGAEMKL s TellUsnhd) -
Fig. 3. The late stages of microspore development in Viburnum odor atissimum.
a~c, e~f: cross sections of anthers. d: longitudinal section of anthers. e, g~i: scanning electron
micrographs of anthers and pollen grains.
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Hipst e T E

a Microspore tetrads were enclosed in call ose envel opes. b~c: Vacuolated and free microspore
stage. The tapetal cells dispersed between microspores (arrows), and microspores appeared as
tricolpate (arrowheads). d: Bicellular pollen grain stage. Note that microspores with generative
cells and vegetative cells (arrows). e: Cell wall of endothecium showed fibrous thickening. f:
Pollen maturation and anther dehiscence stage, septum disorganized and two anther sacs
coalesced together (arrow). g: Longitudinal dehiscence of an anther. h: Surface morphology
of an anther. i: External view of a pollen grain (An: anther; En: endothecium; Ep: epidermis;

PG: pollen grain; Te: tetrad).

4. bt A LR LA AR LB

a~c : LAY 5 a: LRSS B e iR 2R E ONE - RREaHERE b It
RIRE R ( R R O S HE - FORIEIR (L ~ © @ fLKPRIRERRFHE B b PR (N » £
TaAlEE (EnggEnEE ; PGALITELD) °

Fig. 4. Histochemistry test of mature pollen grains in Viburnum odor atissimum.

Iy~

a~c: cross sections of anthers.

a Brilliant blue of pollen grains stained by coomassi e blue represented the inclusion of protein.
b: Light brown of pollen grains stained by 12-K1 represented no starch. c: Deep blue of pollen
grains dyed by Sudan Black B represented the inclusion of lipid (En: endothecium; PG: pollen
grain).

Hpan 1995, Liu and Huang, 2003) » JBLARTE.2

HebE Z i (IR g (secondary parietal layer)
AR EEERER B B BIE 0 B + BEAHY - B P
R~ - RO BRA L AU PYFERE R (Davis, 1966)
o —MRME > {RHUMEY) LSRR EI9H
HFAREEA » i bkl (Faboideae) ~ K
B4 [ (Indigofera) (Ashrafunnisa and Pullaiah,

e EERE g 2 % 5 R B B A - phdt
IV SERE 2 A6 B RE 5% 5 I 2[RI B A W {84
A QISR E R} (Commelinaceae) {L4ERER )
H Il BAHAA BB -T2 (Hardy and Steve-
nson, 2000) -

SIS 2 [EEER B 1R - AR
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FICEE P EE TR < A EE G A0 A AR OE Y
BG > Esau (1977) 4 i LEE R BEA 4Lk
JEZBARARIPACEERIBAZL - Lot » @R
{LEE R BER IR P E Pt 5 - (HA LepyfE
BAAREISR - BERRANHIVER ZE Man-
ning, 1996) - Hhfi it e B E i R A ) A
A MAFTAE - 20 SEEFEL S (Dumasia
miaoliensis) B4 2 J& (Liu and Huang, 2003)
; §AMk (Juglans regia) HI|ELH 3 /& (Luza and
Polito, 1988) 5 » AhHSE . HitF kst HIl (% B B
[& - ELeFr g B A RIaUE E 1k

Pacini et al. (1985) #iigH &g n] R
UL (secretary or glandular type) s
JE&H (amoeboid type) FIFERAR » Fij & & 7%
[ AR {18 5 1 AR R AEAS HE R T T AR L1
% 28w HRAT %5 @ v R aE B
JFA RS 2R R R (plasmodium) € 3 F5 5 2
SEEPA - HEL I ERR R o Wi s
f@ e/ hMEF B E &R - 12 B/ IR
W > /N JE R 2 RS BRI 1% > TSR
I E& g LR A E e X s g 2/
eI JEIE AT 2 S A T e R ) 8
f& - ot > ARFEB P22 &HRIE (Lonicera
japonica) H& £ < R - 7R BRI R] S Lt
FAAU (B AR » 1997) o K2 B IEty)s £
[ S A B Wb AL > AN +90F (Excoecaria
agallocha) (7% » 2000) ~ % RFFHEES
2 %A EUORHEY) Pulsatilla chinense (Sun and
Wang, 1984)3% 5 Hi-f-SEREY) /1A I — RV E 72
f& » {#k$% (Pandanus odor atissimus) (Periasamy
and Amalathas, 1991) « {f 5 H SRS Hi 70 WY
7 B B AARY - A et A IR R %
LAY (Sporne, 1973) © [Nt » (KAWFFEHIEHE
R S e A B A T A - B
At B - BEREY R R -

A LEAREYIN S B GO R B - Hit i 2
B MM CE IR > IR HA R AT R 2 ALY
R s HAELEYRELE &G0 5H @i e
2 HEEK » B Ri(Ricinus communis) A1
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Wy SR HARI B R (BIZ255 - 1998) 5 1
B EEAITRZ 0 AT IE 7 HPE R 2 7%
1B » W%&FEE (Calamus) 1) C. stoloniferus
C. gamblei ; S5 H VAR AL » a2z HI
s RS > 4] C. nagbettai ~ C. rotang %% (Krishna
Kumar and Ramaswamy, 2003) -

/N REREREAS H kB > 1% it e A2 DY
{6 BEL A5 HEAY M- > CECHI B ) A TS T T
451534470 (successive type) B [F]IGI (simul-
taneous type) (H3EH » 1990) o HAEAI £/ [\
- BERHREAE 56— Rk B o) 2405 BIV 2 A M RE -
TR — o R PR EE —R oy IR DY 73 i -
Hh 5L 78l (heterotypic spindle axis) #7557
TS - RITPY 73 830 HE 91 2 15 /e 5 BRI
(isobilateral) Bi#RIE (linear) s .2 » FHEEHA
ARRIPY 73 #8 % 5% 15 JF (decussate) 8¢ T %
(T-shaped) (Johri and Bhatnagar, 1955) - [&]H;
A2/ M- R RIE SR — R Hie
R EE » 55 R R MU TR R
AHAEEERL FS P 388 o HBREE 1E 20— R EEEE —
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(tetrahedral) (Furness et al., 2002) - K% 81y
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AIGE o sl H — I iR A B AR ER)
—HEHRA1 72 (BRI th g A m R e DL ERY
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FR Y 738 VU THI R B A A TR 5 AERUB L
#% (Aristolochia elegans) HIIEA _Fiift.2 FfEHE
S XA P 7> 88 (B8 > 1990 5 Johri and
Bhatnagar, 1955, Furness et al., 2002) -

AR -5 E AR - /il REAEAE
HETT IR SR I » AT BA SRR 21 AR E Y
T8 o EHATCARIRFSEH » K& - HEY)
WNEERAE ~ SARRFTE/ MU R T IR R
LA R IRERHERS - HIRE B9 > ankk
.2/ MR T RGeS Hh FI L R R S IR E
HERE 2 3 5 (Periasamy and Amalathas, 1991) -
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