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OBSERVATION ON MORPHOLOGY AND ANATOMY OF
MICROSPORE ABORTION OF CYTOPLASMIC MALE
STERILE LINE IN KENAF (Hibiscus cannabinus L.)

ABSTRACT

Kenaf (Hibiscus cannabinus L.) is a fast growing bast fiber crop of great interest as
a source of low cost natural fiber and feedstock for emergy production as well.
Untilization of hetrosis in kenaf that is more than 30% has been a research hot pot for a
long time, Since Zhou Ruiyang discovered a cytoplasm male sterile (CMS) mutant in
" spices UG93 in Hainan province in 2001, CMS line K03A and its maintainer K03B had
been selected fistly in 2003, which was highly resistant to anthracnose, and 9 CMS lines
had been selected. To investigate the mechanism of microspores’abortion process and
the classification of CMS lines in kenaf, morphological and cytological studies were
conducted in KO03A, L23A, PO3A, 917A, 763A, 258A, 722A, B19-1A, and FU3A. The
results were as follows:
1. The CMS lines in kenaf could be divided into dehiscence with trace pollens and
non-dehiscence types on the basis of morphological characters of anthers. According to
the main abortion period, CMS lines were classified into four types, mononuclear

/

micmkﬁﬁre abortion, binucleate pollen abeortion, transitional, and mult-period abortion
types.

2. Anthers in CMS lines were small or withered in faint red, white, or snuff colour. Most
didn’t dehisce and others dehisced with trace poorly developed pollens. Pollens were
small size, malformation, and with less mulching material on pollen’s surface,

3. Some densely stained and sickle-shaped microspores which appeared in tetrad stage,
developed abnormally and disappeared gradually in mononuclear stage in some CMS
lines. At middle and late mononuclear microspore stage, microspores of some CMS lines

disaggregated with protoplasm shrank and degraded into densely stained mass, as well
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as some gross distorted and degenerated generally. At binucleate pollen stage,
plasmolysis and cytoplasm degradation of pollen were observed in some CMS lines.

4. Abnormalities were found in taptum as early as mother microspore stage, while
generally vacuolation and cell fusion and protoplasm’ inflow into anther chamber
appeared in tapetum at mononucleate microspore stage, resulting in breakage or bad
effection of microspores’ development.

S. Analysing the effect of different cell nucleus with the same male sterile cytoplasm, we
found that methods and earliest time of abortion is similar, and the abortion always
- persisted for a long time, while main abortion period of microspores were different.

6. The abortion process of microspores of CMS lines cultivated in nanning in the
summer persisted longer than that cultivated in hainan in the winter, whereas main
abortion period and abortion methods and abnormalities of taptum were similar. It is

suggested that sterility of research material is relatively stable.

KEY WORDS: Kenaf (Hibiscus cannabinus 1..); Cytoplasmic male sterility;
. Microspore  abortion;  Morphological Anatomy;  Classification;

Environmental effect
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ep-REMM: en-ZHENEE; ml-FE; u-HBHE; ma-REEMRERSY: sp-ETMM;
mmc-/MEFEAM; 1d-TU 531k ms-SF BT p- IR ms-PEFBREZSY

ep-epidermis; en-endothecium; ml-middle layer; ta-tapetum; rta-remainder of tapetum

degeneration; sp-sporogenous cell; mmc-microspore mother cell; td-tetrad; ms-microspore;

p-binucleate pollen; rms- remainder of microspore degeneration
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EIRR 1 plate I

af fRIFR o HHRAKAE X400; b DT RAREIPELGADNE X400; c BHEIH I PH
FLRIE X400; d. WA AENMTEARUIE X400; e BEPRTREYELRDE, MTEF
HRE X400; £ BEB/MEFRHILARTIE X400

a-f maintainer line a. Sporogenous cell stage X400; b. Vertical section of an anther at microsporocyte
stage X400,; c. Cross section of an anther at meiosis stage X400; d. Cross section of an anther at tatred
stage X400; e. Cross section of an anther at early mononucléar stage X400; £ Cross section of an
anther at early mononuclear stage X 400
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BRI plate Il

&
WUIE X400; d. FERRBIMEARIE X400; ef CMS R 917A o MEINHHIEALL
B X400; f. P53 Phif IEZSAENE X 400

a-d maitainer line a. Cross section of an anther at large vacuole stage X400; b. Cross section of an
anther at side-placed nucleus stage X400; c. Cross section of an anther at binucleate pollen stage X 400;
d. Cross section of an anther at binucleate pollen stage X400; e-f CMS line 917A e. Vertical section

of an anther at meiosis stage X 400; f. Cross section of an anther at tetrad stage X400
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ﬁél":?d—"‘—;rﬂ"*_"‘** A T L
T L

WS (=i AR e

af CMS & 9174 a. BBTEZIRRYITE X 400: b. BBIFIEARYIE X400: c. BEHIIEARL)
B X400; d. BEMEAYLIE X400; e. MELARTIE X100; £ BBELABIE X100

a-f CMS line 917A a. Cross section of an anther at mononuclear stage X400; b, Cross section of an
anther at mononuclear stage X 400; c. Cross section of an anther at mononuclear stage X400; d. Cross
section of an anther at mononuclear stage X400; e. Cross section of an aborted anther X400; f. Cross
section of an mature anther X400
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af CMS & B19-1A a. W4MARHBTEZBEYIE X400: b, REMELBYIE X400: ¢ BEYITE
AR X400; d. BEYITEARE X400; e EEHTEARTIE X 2005 € EEWIELBYIH
X400

a-f CMS line B19-1A  a. Cross section of an anther at tetrad stage X 400; b. Cross section of an anther at
mononuclear stage X 400; c. Cross section of an anther at menonuclear stage X 400; d. Cross section of
an anther at mononuclear stage X 400; e. Cross section of an anther at mononuclear stage X200: £, Cross
section of an anther at mononuclear stage X400
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BV plateV

a-b CMS £ B19-1A a. MEEABTIE X100; b. FEZFFR X100: of CMS R K03A c @H
SR IIELBNE X400; d. SESWEAMIIE X400; e BEMAEARYIE X400 £ 8L
BHEATRTIE X400

a-b CMS line B19-1A  a. Cross section of an aborted anther X 100; b. Cross section of an mature anther
X100; c¢fCMS line KO3A c. Cross section of an anther at meiosis stage X400; d. Cross section of an
anther at early mononuclear stage X 400; e. Cross section of an anther at mononuclear stage X400; f.
Cross section of an anther at mononuclear stage X400
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BIVI  plateVl

af CMS R KO3A a BBJIEABIIE X400; b. BEMAEARMIIE X400; ¢ ZBHTEAMLY)
B X400; d. “EHIEARIIE X400; e. —BOHEABOIE X 200; £ ZEHEHMTIE X 100
a-f CMS line KO3A a. Cross section of an anther at mononuclear stage X400: b. Cross section of an
anther at mononuclear stage X400; ¢. Cross section of an anther at binucleate pollen stage X400: d.
Cross section of an anther at binucleate pollen stage X400; e. Cross section of an anther at binucleate
pollen stage X200; f, Vertical section of an anther at binucleate pollen stage X 100
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BEMRVI  plateV

af CMS RiF 3A T4 a METRAREWIELHUIE X400; b BB R HEABRIE X
400; c. W7-het HATELGREVITE X 400; d. BEATEAHTIE X 400; . BEMELBIIE X 400;
f “BWITEZBLIE X400

a-f CMS line FU3A a. Vertical section of an anther at microspore mother cell stage X400; b. Cross
section of an anther at meiosis stage X 400; c. Cross section of an anther at tetrad stage X400; d. Cross
section of an anther at mononuclear stage X400; e. Cross section of an anther at mononuclear stage X
400; f. Cross section of an anther at binucleate pollen stage X400
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abCMS R 3A o “BNEBHLIE X400; b FELFR X100; of CMSFE258A c WX
SREMIEHATIR X400, d. BBGEABLIE X400; e. BBOIELEIE X400; £ B
EZERUIE X400

a-b CMS line FU3A  a. Cross section of an anther at binucleate pollen stage X 400; b, Cross section of
an mature anther X 100; cf CMS line 258A c. Vertical section of an anther at meiosis stage X 400;
d. Cross section of an anther at mononuclear stage X 400: e. Cross section of an anther at monopuclear
stage X 400; f. Cross section of an anther at mononuclear stage X 400

40



Ll Siid s AL £ M BT AR AL R W IR NI TF- RN I L R #) M

B X400: d. “BSTELRIE X200; e. FELFFH X100; £ BURIEH X400

a-f CMS line 258A a. Cross section of an anther at mononuclear stage X200; b. Cross section of an
anther at binucleate stage X400; c. Vertical section of an anther at binucleate stage X400; d. Cross
section of an anther at binucleate stage X200; e. Cross section of an mature anther X 100; f. Mature

pollen grain X400
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BRX plateX

af CMSRTRA a WYL R ELUIE X400; b, BERWELABTIE X400; c. BHEWTE
AN X400; d. BEHELAMDE X400: e REMAELRTE X400, £ HMEZRKE
X400

a-f CMSline 722A  a. Vertical section of an anther at meiosis stage X 400: b, Cross section of an anther
at mononuclear stage X400; c. Cross section of an anther at mononuclear stage X 400: d. Cross section of
an anther at mononuclear stage X400 e. Cross section of an anther at mononuclear stage X 400; f. Cross
section of an anther at binucleate stage X400
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ERX plateX

abCMS % 722A a. ZRHITELAMRDE X400; b, “EBIEHRIE X100; of CMS R L23A
c. NRFRAANMEARTE X400: d. BEHEHTEAMIE X400 e. BBEYHELS ST
X400: f. BESHEARYIE X400

a-b CMS line 722A  a. Vertical section of an anther at binucleate stage X400; b. Cross section of an
anther at binucleate stage X200; ¢ CMS line L23A c. Cross section of an’ anther at microspore
mother cell stage X400; d. Vertical section of an anther at meiosis stage X 400; e. Cross section of an
anther at mononuclear stage X400; f. Cross section of an anther at mononuclear stage X400
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FRRXD  plateXl

ey e T
Tk Y g, W
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A B

af CMS R L23A e. BEMAAHVIE X400: f SBEHATEZRINE X400: g HEMIEABY
B X400: bh. RESHEAHIIE X200; i “HHIIEAHADIE X200; j. “BWIFEARDIE X200
a-f CMS line L23A e. Cross section of an anther at mononuclear stage X400; f. Cross section of an
anther at early mononuclear stage X 400; g. Cross section of an anther at early mononuclear stage X 200:
h. Vertical section of an anther at mononuclear pollen stage X200; i. Vertical section of an anther at
binucleate pollen stage X200; j. Cross section of an anther at binucleate pollen stage X200



WA KL AR 40 M PYARTE R IR ANIE-F- MY 75 78 W5 8 T FE

BIFR XI  plateXIH

[
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uy =,

af CMS R 763A a. BEMTEZBTIE X400; b, SZHEATITE X400; c. BB
B X400; d. EBITELARBIIE X400 o BBMTEARIIE X200; £ ZBUBEARIE X400
a-f CMS line 763A a. Cross section of an anther at mononuclear stage X 400; b. Cross section of an
anther at mononuclear stage X400; c. Cross section of an anther at mononuclear stage X400; d. Cross
section of an anther at mononuclear stage X 400; e. Cross section of an anther at mononuclear stage X
200; f£. Cross section of an anther at binucleate stage X 400
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a-b CMS R 763A a. MUHTEZ X200; b. EZFFR X200: cof CMS RPO3A c /MATHRH
BT RIIE S ATIT X 400; d. WX REBELATIE X 400: e. BE AR HIELBEVIE X 400;
£ DU RETHE AR DI X400

a-b CMS line 763A  a. Cross section of an aborted anther X 200; b. Cross section of an mature anther X
200; of CMS line PO3A c. Vertical section of an anther at mother microspore cell stage X 400; d.
Vertical section of an anther at meiosis stage X 400; e. Cross section of an anther at meiosis stage X 400;
f. Cross section of an anther ai tetrad stage X 400
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B XV plateXV

afCMS R PO3A  a. VUSHARTRAZELSBATIE X 400: b, PUSHART BIEAALIT X400: c. BB
TEZTRLDE X 400; d. BHIHEAMYIE X400; e. ZEWIEAHEIIE X400; £ “EHTEHAY
i X100

a-f CMS line PO3A  a. Cross section of an anther at tetrad stage X400: b. Cross section of an anther at
tetrad stage X400; c. Cross section of an anther at mononuclear stage X400: d. Cross section of an
anther at mononuclear stage X4(0: e. Cross section of an anther at binucleate pollen stage X400; f,
Vertical section of an anther at binucleate pollen stage X100

47



WA IE N KI5 S R Iy AR RO DI TR FE A M6 M AR

B XVE  plateXVI

af WELAK CMS & K03A o WBTRETHATEAMIE X400; b JUN AR HIEZIE X
400; c. WISk BITEARREIE X 400; d. BREHITEABIE X400: e. BENITEAKIIE X 400;
f. BHATEABIIE X400 :

a-f CMS linc KO3A grown in hainan  a. Cross section of an anther at meiosis stage X400; b. Cross
section of an anther at tetrad stage X 400; c. Cross section of an anther at mononuclear stage X400; d.
Cross section of an anther at mononuclear stage X 400: e. Cross section of an anther 2t mononuclear stage
X400; f. Cross section of an anther at mononuclear stage X 400
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B XVII  plateXVII

Sl
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P e Rats

i

af WEAKCMS R123A 2. DUSHARSEIFEZIRRYTE X 400:b. M4 BT RHTEZHIEIE X 400,
c. WS AR MTEABIIE X400; d. BESHTELABUIE X400; e. BBMTEAMITE X400; £ B
SATEZA BN X 400 :

a-f CMS line L23A grown in hainan 2. Cross section of an anther at tetrad stage X400; b. Cross
section of an anther at tetrad stage X400: c¢. Cross section of an anther at tetrad stage X 400; d. Cross
section of an anther at mononuclear stage X 400; e. Cross section of an anther at mononuclear stage X
400; £. Cross section of an anther at mononuclear stage X400
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