INTERNATIONAL -
Review of Cytology

EDITED BY

G. H. BOURNE J. F. DANIELLI

ASSISTANT EDITOR
K. W. JEoN

VoLuME 94

Part A: Plant
Chromosome Ultrastructure

EDITED BY

G. B..CHAPMAN

Part B: General Topics



INTERNATIONAL
Review of Cytology

EDITED BY

G. H. BOURNE J. F. DANIELLI

St. George's University School of Medicine (Deceased April 22, 1984)
St. George's, Grenada
West Indies

ASSISTANT EDITOR
K. W. JEON

Department of Zoology
University of Tennessee
Knoxville, Tennessee

VoLuUME 94

Part A: Plant
Chromosome Ultrastructure

EDITED BY

G. P. CHAPMAN

Department of Biological Sciences
Wye College
Wye, Ashford, Kent, England

Part B: General Topics

ACADEMIC PRESS, INC. 1985
(Harcourt Brace Jovanovich, Publishers)
Orlando San Diego New York London
Toronto Montreal Sydney Tokyo



CoPYRIGHT © 1985, BY ACADEMIC PRESS, INC.

ALL RIGHTS RESERVED. '

NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR

ANY INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT
PERMISSION IN WRITING FROM THE PUBLISHER.

ACADEMIC PRESS, INC.
Orlando, Florida 32887

United Kingdom Editlol%ublished by
ACADBRHC PRESS . (LONDON) LTD.
24-28 Oval Road, London NW1 7DX

LiBRARY OF CONGRESS CATALOG CARD NUMBER: 52-5203

ISBN 0-12-364494-1
PRINTED IN THE UNITED STATES OF AMERICA

85 86 87 88 987654321



Part A. Plant Chromosome Ultrastructare

Plant Chromosomes: A Perspective

G. P. Cuapman

The Chreomosomes of Dinoflagellates

Joun D. DopGe

INEOAMCERON. . Y 5 5 iomioini & 5.5 8 5REE0E 5.6 3 Ll RrEE s S Tade oo wa's § & Siwelprian 4s 2
ChromOsofne NUINDEIS . i ;o cuisirnsssvavanme osssssadioneisseshansnessss
Chemical Composition of the Chromosomes . ............o..covnn. I
Structural Organization ..................c0.onus B DS 5 5§ ISR BRI S § S
Chromosome Replication and Division .......... ... .. ...
CONCIRBIONE 2o 2 o'+ Lngis T 2's 45 erwiars ww » o dciaiacmm s = & 5 lsid nis bra' Fobia o
REMERAOES < iiaimomirs s snimumalss s s anmmmcills s & suro siermiore w5 54 sisiuals » o & Sgeais

S<<HBHE~

Chromatin Organization and the Control
of Gene Activity

WAaLTER NaGL

TEROEORONN 5 & o & Somssans. o s ovile.5 Bis o 8/aaaIS/aTer 415/ & 3 b 'n/aw¥iuia 55 5 & o0s s ¥/3ievis 50 s
Levels of Chromatin Organization . ... .. i o A e A Bt
Determination of Chromatin Organization in Plants ........................
Chromatin Organization and Differentiation in Mammals ...................

Models of Gene Regulation via Chromatin Structure .......................
Conclusions - ; <« -3 ssomsssisussessnessay e b a0 2 e e w0 w3 oo 2

SS<ZE=.

Active Genes and Their Chromatin Environment . ....................c...- 4

11
17
17
17



vi ) ‘CONTENTS

Structure of Metaphase Chromosomes

of Plants
Gy. HapLACZKY
I. Introduction .............oiiiunieinniniinninnnncnnnans T R 57
II.  Structure of Protein-Depleted Chromosomes of Plants ...................... 58
III. The Potential Use of Human Autoantibodies to Nuclear Antigens in Structural
Studies of Plant Chromosomes ... ...........ocviiiiiiiiiniiiiiiiiiiaan. 66
IV. Comparison of Structural Organization of Metaphase Chromosomes of Plants
and Animals (Vestheatem)e 2. 7, Somsomt ot L i s il e 69
References ...........ccovmiiniiinenniiiiennnann. 2w o » Smrdlafh orsuBime o rxsmorsaieze 74
The Kinetochore
? M. B. E. GopwaRrD
I F TR o N, SRS S0 S P T B .t s 77
II. Evolution of the Ultrastructurally Visible Kinetochore ..........coovniiinns, 78
References ............. BTN S S oy 103
The Evolved Chromos?mes
of Higher Plants
~ G. P. CHAPMAN .lr
S T T e A R A R | e GO - . 107
II. Changing Chromosome COnCePts - .= . ......coovreroosonissanussaainssens 107
1. Isolation and Manipulation of Functional Chromosomes ... ...........s..... 120
RETRREREE - ;- -2 Momrrec s T e o o ovraiwans o @ o o oedim i TN 4 8 comm i 5.6 0 & W 8T8 124
Part B. General Topics
Structure and Biochemistry of the
Sertoli Cell
DonaLp J. TinpALL, Davip R. RowLEY, LATTA MURTHY,
Larry I. LipsHuLTZ, AND CHING H. CHANG
I Introduction ...............ooeveeeeoosn PROET, o v - S o 127
II. Structural COMPONENES . .« sivie s s vssssonionosossbameasasssas isimsimeneens 128
M. BiochRmical COmPONentS ... ..:..ocusvo s nseiinsesssspsssmesnsnsssomssns 134
Iv. H’qumonal Regulationby FSH ...............coooviiiniins Blapesh! Ay 140
V. Hormonal Regulation by TeStoSterone .. ...........oveuiieiroirninaennny 143
VI, CONCIUSIONS .\ttt ete e oot e e e e e ae e e e e e in e e ans 146 -

RETCTENCES X - 5055 5 5 58 Fro/stes § 55 4 eiaiaih #5555 FRTOIE S 8§08 s W ainimaiais v o e a3 bacais 146



RESs&3Ea.

<Emw

HuxRESs <2

CONTENTS

Struetural and Functional Aspects
of Nueleolar Organizer Regions (NORs)

‘of Human Chromosomes
K. A. BaBu anp R. 8. VErRMA

Cytological Localization of NORs ......... SEROREE, M. oo o B I
Distribution of NORs in Metaphase Chromosomes .................... o2
NORs in Human Chromosomes ...........cooievenn T L LT, et
Role of NORs in Chromosomal Alterations ................... RECEETTTE e

NORs and Nucleoli . ..

...............................................

Amplification and Regulation of Human tDNA ... .........oevueuenanis
NORs Heteromorphisms . ... .. T RS - SRR, Ty I =

Clinical Implication ...
References ..........

...............................................

Sertoli Cell Junctions: Morphological

and Functional Correlates

Lonnie D. RusseLL anp R. N. Pén-:nson

Introduction .........

...............................................

Sertoli Cell-Connective Tissue Junctions ..............ueioiiniinnannnann
Sertoli Cell-Sertoli Cell Junctions . ...........ocviveniinsns o TR Sl o
Sertoli~Germ Cell JUNCHONS . . ..o ccoiliiiidhvnmmiosososaisonsonaanesiess

References ..........

Functioning and Variation of
Cytoplasmic Genomes: Lessons from
Cytoplasmic-Nuclear Interactions
Affecting Male Fertility in Plants

MAauUReEN R. HansoN AND MARrY F. Conbe

Introduction and Overview .......... vieieocv b opet B el siain na =i T s TP
Male-Stertlity I Pt v, it e v ssr s s o saer g e s ooidione cinnal s

Male Sterility in Maize

Male Sterility in Sorghum ............ P e o X

Male Sterility in Sugar

TROCT S s s T MR s SealEe iy a0 5 B e S0 s eI e 1

Malg Sterlity I NIPOHARR <. ... . . . oo Bt oo L wisrorvialom o o s o s ARLIGLIE
Male Sterility in Viciafaba .................. A R R gt on e
Male Stefility in SUBFIOWeT .., i« v siwines o ooy o s o5 dmuabiias s g8 mae-.
Male Sterility in Solanum .. .........ccovviiiiieiii i SRR
Male Sterility in Cruciferous Species ... .........coviverrinriariiieneeanana
Male Sterility in Pearl Millet .............. oo,

Male Sterility in Carrot

177
178
179
197
208

214
217
224
232
234
237
243
245
247
251
253



- il CONTENTS

XHI. Male Sterility in Wheat and RYe .. .....couviinniiiiniiineinaiinnnenn.. 255
XIV. Male Sterility in Barley ................ TRV IE T P T 256
XV. Conclusions, Further Directions, and Speculations ......................... 257
REIGIEHOEE ;. o - ncmmisss s walims 5355 aome i85 s MOEARS £7438 RBNERTE5 803 260

Ontogeny and Evolution

of Salmonid Hemoglobins

N. P. WiLKINS B
. - IPOOUCHOM 7 SRR b b sim el biecs s bl oo o E sl 5 T8 5 AR slas 577 V0¥ 269
1.~ The: Family Salmonidag- ... ..o .o o 0 LSBT LS et San 5 e 270
HE Quantitative:Ontogenetic Variation . ........cc.oewwee. BRI N0 00 271
IV. Qualitative Ontogeaetic Variation ................c.ooiiiiiiiiineiieians. 276
V. Embryonic-Hemoglobins <« conu v iniiina . cinnsvnns visovs vumas ¢ ot e s 286
V1. Comparison with Mammals .................... ... .coiiieiann 287
VII. Control of Hemoglobin ORIOZERY .. .cuuinueuis ineieiinenaianaroennn. 289

VIII. Ontogeny, Genetics, and Evolution .«.......c...cviiieniiiiiininnan.. .293 -

REFCISTORS: | o imipnins tn s9iN a 855 5 @RES FIE AS 6 riMevs o5 2 3% 3 Arasios o o a4 b 5% 297
INDEX . 500 crsiss sy aev 0 6mis 5 & 5308 #7575.5 5 54 4y w6 6 o 85 '5 % SIRSIG ¢ 0 o 5 8w iemEe 566 e 4 s T 299
CONTENTS OF RECENT VOLUMES . .o o aasiessssssasnassossesssomonssnssssssss 303



INTERNATIONAL REVIEW OF CYTOLOGY, VOL. 94

Plant Chromosomes: A Perspective

G. P. CHAPMAN
Department of Biological Sciences, Wye College, Wye, Ashford, Kent, England

At the simplest level of classification chromosomes of organisms with a wall-
bound protoplast fall into three groups.

1. Neither nucleosomal nor linear nor membrane limited (bacteria and blue
green algae).

2. Neither nucleosomal nor linear but membrane limited (dinoflagellates).

3. Nucleosomal, linear, and membrane limited (eukaryotes).

Beyond this, subdivision into ‘‘primitive’’ and ‘‘advanced’’ is possible and
- forms the subject of stimulating reviews by, for example, Cavalier-Smith (1981)
and Picket-Heaps (1974). For perspective here, however, a probable sequence of
the major evolutionary events involving the nucleus could be the following.

1. A prokaryote ancestor had a closed ring of DNA where the terminus of
replication (T.O.R.) associated with the cell membrane.

2. Invagination of the cell membrane gave a persistent nuclear envelope with
which the T.O.R. continued to associate.

3. Elaboration of the chromosome involved evolution of plural replicons,
linearization together with a mechanism for perpetuating “‘ends’’ (telomeres)
and evolution of nucleosomes.

4. Fenestration of the nuclear envelope gave the kinetochore a role that
linked the original (?) T.O.R. with cytoplasmic elements.

5. Diversification of the chromosome by duplication and rearrangement
prompted the elaboration of both homology and nonhomology.

6. Elaboration of function gave split genes, noncoding sequences, gene am-
plification, partition of the chromosome into eu- and heterochromatin, and the
emergence of a (probably persistent) nucleolus.

7. The kinetochore became integral to the chromosome and thus a “centro-
mere.’

8. Fenestration of the nuclear membrane was taken virtually to total disin-
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2 G. P. CHAPMAN

‘tegration at metaphase and was linked with a sharply defined condensation cycle
and a nonpersistent nucleolus.

9. Centromere activity was in some cases dispersed to several parts of the
chromosome.

10. Specialization of chromosomes at particular points in the life cycle oc-
curred, examples being emergence of single chromatid types from intcrphase
nuclei for meiotic pairing, multistrandedness in secretory tissues, and loss of
totipotency in some aged cells.

Numerous rearrangements of such a sequence are possible but it seems un-
likely for example that a nonpersistent nucleolus originatly preceded a persistent
one or that dispersed centromere activity preceded a nondispersed one however
much subsequent evolution reversed these directions. Conversely the elaboration
of homology and the evolution of noncoding sequences may or may not be
regarded as independent or unrelated events.

The events outlined from 1 to 10 could lead equally to chromosomes of
multicellular plants or animals. All higher plant chromosomes however operate
within a wall-bound protoplast and additionally, those plants that are green
include not only mitochondrial but chloroplast DNA within their cell environ-
ment, the inference being that unlike animal chromosomes, those of plants
intimately coevolve not with one but two types of subsidiary organclle.

At two extremes detail is readily available. The optical microscopy of plant
chromosomes and the base sequences of numerous examples of plant gene are to
hand but between these extremes the organization of the chromosome as an arena
for molecular events is but little understood and among the questions that could
be asked, perhaps the following presently are the most relevant and thus guided
the choice of subject matter in the first part of this volume.

1. In the evolution of linear nucleosomal chromosomes do dinoflagellates
provide evidence of an intermediate type or are they examples only of an ‘‘alter-
native chromatin’’?

2. How are distinctively ‘‘plant’’ characteristics organized and how does
plant and animal chromatin compare?

3. How physically manipulable are plant chromosomes and to what extent can
techniques for animal chromosomes be applied to them?:

4. Lest conclusions be based on too few or unrep:uemli‘ve samples, how
varied is plant chromatin ultrastructurally? ¥

5. How do the centromere and the telomeres, the major ‘‘suborganelles’
vary?

6. At the applied level what scope is there for directed aheranon llkely to be
useful in plant breeding?.
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As the answers, partial at first, to these questions begin to accumulate, so the
study of plant chromosomes can contribute to resolving the emgma of chromo-
some phylogeny set out earlier.
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The Chromosomes of Dinoflagellates

Joun D. DobGe

Botany Department, Royal Holloway College, University of London,
Egham, Surrey, England b
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1. Introduction

The chromosomes of dinoflagellates have long been suspected of being un-
usual. The nucleus is generally big and conspicuous (Fig. 1) and, in the larger
species at least, chromosomes can be seen even without any specal staining. The
nucleus has been described as a dinocaryon. Early work on nuclear division,
such as that of Hall (1925), revealed that the chromosomes exist in a permanently
condensed state. In the late 1950s electron microscopy revealed a quite unique
ultrastructure to the chromosomes and cytochemical studies showed that their
major compenent is DNA. It is now known that no true histones are present and
histone-like protein represents only a small proportion of the chromosome. Com-
pared to other organisms dinoflagellates appear to contain a disproportionately
large amount of DNA which may be as much as 200 pg per cell in Gonyaulax
polyedra as compared with only about 5 pg in human cells (Allen et al., 1975).
Consequently, dinoflagellate chromosomes have been the subject of many inves-
tigations and a fair amount of speculation. In this article the historical work will
be reviewed and an attempt made to bring together a current view on the structure
of the chromosome.

Copyright © 1985 by Academic Press, Inc.
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Fics. 1-4. Light micrographs of stained Jinoflagellate chromosomes. Fig. 1. Amphidinium
herdmanae showing the numerous long chromosomes. Acetocarmine. X2000. Fig. 2. A. carterae
with a small number of short chromosomes. Acetocarmine. X3500. Fig. 3. The long chromosomes
of Prorocentrum micans which have been treated to reveal evidence of a chromonema which is
thinner than the chromosome. Acetocarmine. X2500. Fig. 4. A section of a plastic-embedded cell of
P. micans stained with Azur B to show the presence of DNA in. the chromosomes. X2000.
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II. Chromosome Numbers

Following the life history studies of von Stosch (1973) it is generally thought
that the normal motile dinoflagellate cell has a haploid chromosome number.
Nevertheless, the numbers recorded, apart from those of a few parasitic dino-
flagellates, are extremely high and because of the difficulty of making squash
preparations in general the counts given are only approximate. There is no
metaphase plate in the sense that this is found in higher eukaryotes and the counts
have generally been made on interphase nuclei where the chromosomes, when
long, may be tangled together (Fig. 3). The chromosomes also appear to be
rather easily fragmented, perhaps a consequence of the lack of histone in their
construction. Recently, special techniques involving cell lysis and enzymic di-
gestion have been devised to assist in spreading and counting these chromosomes
(Holt and Pfiester, 1982; Loper et al., 1980) in species where the chromosomes
are long and numerous.

The earliest known count (approximation) was that of Borgert (1910) who
found that Ceratium tripos had about 200 chromosomes. A freshwater species,
C. hirundinella, was found to have an even higher number, 264-284 (Entz,
1921) but an Amphidinium species had only 25 + 1 (Grassé and Dragesco,
1957). Dodge (1963b) presented interphase counts of dcetocarminie-stained nu-
clei of 11 species. These ranged from 18—22 in Prorocentrum balticum to 134—
152 in Gonyaulax tamarensis. It was of interest thét in the genus Prorocentrum
where five species were counted, there was a clear range of chromosome num-
bers: P. balticum, 20; P. triestinum, 24; P. pusilla, 24; P. mariae-lebouriae, 32,
P. micans, 68. These could possibly represent different levels of ploidy although
the size of the chromosomes was also fairly variable. Among other marine
dinoflagellates which have been examined are/the much used experimental orga-
nism, Crypthecodinium cohnii, with 99—100 chromosomes: ’(Allen et al., 1975),
Scripsiella sweeneyae, with 80-90 (Fine and Loeblich, 1 6), and Heterocapsa
pygmaea, with 61-65 (Loeblich ez al., 1931). Chromosv e numbers of numer-
ous freshwater dinoflagellates have been counted, p arly for species from
India (Sarma and Shyam, 1974; Shyam and Sarma, 197%) and the United States
(Holt and Pfiester, 1982). In the case of the Flfrida red-tide organism,
Gymnodinium breve, counts of field material and/recent isolates were 121 * 3
but a 25-year-old isolate gavg a count of appro ly twice as many chromo-
somes (240 % 6) and is thought to represent an autodxplond state (Loper et al.,
1980).

The shape and size of dinoflagellate chrotnosomes vary considerably from the
small almost oval bodies of Amphidinium carterae (Fig. 2) to the long 1-pm--
wide threads of Prorocentrum micans (Fig. 3). In general, the chromosomes all
appear similar within any species and it is arguable that any variations, apart
perhaps from those of nucleolar organizing chromosomes, result from the prepa-
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ration techniques. However, Gavrila (1977) has attempted a karyotype analysis
of the 87 chromosomes of Peridinium balticum which appear to range in shape
from small spheres to long threads.

III. Chemical Composition of the Chromosomes

The use of standard cytochemical tests such as Feulgen and azur B stains (Fig.
4) clearly shows the presence of substantial amounts of DNA in dinoflagellate
chromosomes (Ris, 1962; Dodge, 1964). However, attempts to demonstrate
proteins were unsuccessful, leading to the conclusion that the chromosomes lack
histone. It should be noted, though, that fast green staining has indicated the
presence of substantial amounts of basic protein in the parasitic organism Syn-
dinium (Ris and Kubai, 1974) and the rather unusual and possibly primitive
dinoflagellate Oxyrrhis (Hollande, 1974). Many molecular biological techniques
have now been used in investigation of the basic components of the
chromosomes.

A. DNA

One of the first discoveries concerning the DNA of dinoflagellate chromo-
somes was that it has an unusual composition. In analyzing the DNA from
Crypthecodinium cohnii Rae (1973) found a discrepancy in both the buoyant
density in CsCl and in thermal gradient studies. He then discovered that this was
caused by the replacement of some of the usual base thymidine by 5-hydroxy-
methyluracil which is not known from any other eukaryotes. This was subse-
quently confirmed for a number of other dinoflagellates (Rae, 1976). Recently, it
has been shown (Herzog and Soyer, 1982a) for Prorocentrum micans that 5-
hydroxymethylurjdylate represents 13.4% of the total nucleotides replacing 63%
of the expected thymidine.

Studies of the renaturation kinetics of dinoflagellate DNA (Allen et al., 1975;
Roberts et al., 1974; Loeblich, 1976) have shown that there is a clear difference
to the DNA of bacteria. It is also suggested that, on the basis of the curve
obtained, there is no evidence that the chramosomes are highly polytene for the
portion of repeated DNA (of 500—600 base pairs) is interspersed with unique
DNA representing approximately 40% of the whole, as happens in higher eu-
karyotes. The question of polyteny has been disputed by other workers who
suggest that in Prorocentrum micans the degree of polyteny is about 700
(Haapala and Soyer, 1974). More tecent studies of the DNA sequence in
Crypthecodinium have shown that roughly half the genome is made up of unique
sequences which are interspersed with repeated sequences representing about
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600 nucleotides (Hinnebusch et al., 1980). Whereas in most respects the ar-
rangement is as in higher plants and animals an unusual class of heteroduplexes
was detected by electron microscopy. These are thought to represent the reas-
sociation of repeated sequences from different families and may indicate that
there is an unusual organization within the dinoflagellate chromosome.

B. PROTEIN

The first study on isolated dinoflagellate chromatin (Rizzo and Nooden, 1972)
showed that although histones were not major constituents, there was a small
amount of acid-insoluble protein. Subsequent studies have shown that this pro-
tein gives an acrylamide gel banding pattern quite different from that of typical
histones (Rizzo and Nooden, 1974) and it has a molecular weight of about
16,000. It is a basic protein differing from histone in containing both cysteine
and aromatic amino acids.

C. METALS °

Studies on dinoflagellate chromosomes using X-ray microanalysis have re-
sulted in the somewhat surprising discovery of the presence of fairly high levels
of transition rmetals: iron, nickel, copper, and zinc together with chromatin-
associated calcium (Kearns and Sigee, 1980; Sigee and Kearns, 1981b, 1982).

- When similar analyses were carried out on Glenodinium foliaceum, a dinoflagel-
late which contains a eukaryotic endosymbiont, it was discovered that whereas
the dinoflagellate nucleus contained the transition elements the nucleus of the
symbiont lacked iron and nickel (Sigee and Kearns, 1981a,c).

In an effort to discover the function of the transition metals autoradiographic
experiments have been carried out on the uptake of nickel into the chromosomes
(Sigee, 1982). Cells labeled for 2 hours showed active uptake throughout the
population and 83% of the label was over the dinoflagellate nucleus. The func-
tion of transition metals in these particular nuclei is now thought to be related to
the stabilization of the chromosome structure in which they may act to form ionic
bridges between nucleic acid and the protein matrix (Keams and Sigee, 1980). It
may also be that they form an important structural linking agent within the
chromatin which is necessary because of the absence of histones (Sigee, 1983).
This suggestion is perhaps at variance with a recent study (Herzog and Soyer,
1983) which suggests that divalent cations (Ca?*+, Mg2*) are mainly responsible
for the stabilization of the permanently condensed dinoflagellate chromosome
architecture. When isolated chromosomes were incubated in EDTA the structure -
of the chromosomes collapsed-and the fibrils (nucleofilaments) separated.
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