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PREFACE

During the past decade, enormous technological advances have oc-
- curred in biology that have led to significant and revolutionary devel-
opments. New techniques allow genetic transformations through cell
fusion and by the insertion or modification of genetic information
through the cloning of DNA. Methods are now available for manipulat-
ing organs, tissues, cells, or protoplasts in culture, for regenerating
plants, and for testing the genetic basis of novel traits. Whether these
techniques can be successfully applied to all species, and not merely to
a few, is currently the focus of numerous investigations. However, the
potential for exploiting modern molecular biological technology for
plant breeding and genetics is vast and virtually untapped.

The recent developments in genetic engineering permit the plant
breeder to bypass the various natural breeding barriers that have lim-
ited conftrol of the transfer of genetic information in higher organisms.
Recombinant DNA technology allows for the selection and production
of amplified copies of specific DNA segments that can then be trans-
ferred by appropriate vectors into specific plant cells. The 7T (tumor-
inducing) plasmid carried by Agrobacterium-tumefaciens has, to date,
proven to be the most efficient vector in transferring DNA in higher
plants (discussed in this.volume). The full benefits of genetic engineer-
ing of plants, or any eukaryotes, will be realized only if adequate
systems of selection for desired traits and transfer of specific desirable
sequences of DNA are effected, and only if these sequences can be
properly regulated for expression in the desired tissue at the proper
time during developmeht. .

In his Preface tq Volume 1 (1947 ), the founding Editor, Dr. Milislav
Demerec, stated, “Advances in Genefics has been started in order that
critical summdi'ies of outstanding genetic problems, written by compe-
tent geneticists, may appear in a single publication.” The goal set for
the series was “to have articles written in such form that they will be
useful as reference material for geneticists-and also a source of infor-
mation to nongeneticigts.” Over the years, the goals set forth have
been more than satisfied, and a tradition of excellence was established
first under Demerec, and subsequently under Dr. Ernst W. Caspari. I

‘ix



X PREFACE

am pleased to have been invited to join Dr. Caspari in carrying on this
series. ‘

Because of the diversity of genetics as a sciencé, Advances in Genet-
ics has adhered to a policy of publishing in each volume a series of
outstanding but largely unrelated articles. Although it is felt that this
tradition should be maintained, we will on occasion depart from this
format and periodically review a central topic in a highly “topical” or
“thematic” volume. We feel this is essential in view of the extremely
rapid developments in genetics, which have led to an unparalleled
information explosion in recent years. The present volume is to be the
first aperiodic “thematic” volume in the series, and is devoted to a
review of some current developments in plant molecular genetics.

The intent of this volume is not to present a comprehensive review of
the area. Rather, each author was asked to critically summarize and
highlight some of the more interesting and, hopefully, significant ad-
vances in his own area of expertise. The four articles composing this
volume include “state-of-the-art” discussions on the structure and
function of mitochondrial genomes, the structure and expression of
nuclear genes, chromatin structure and gene regulation, and the mo-
lecular genetics of crown gall tumorigenesis. Our purpose is not just to
inform but also to stimulate the reader, whether a beginning or an
advanced researcher, to explore, question, and, whenever possible, test
various hypotheses advanced herein. We hope we have covered some
material of lasting value in view of the very rapid developments in this
field.

I wish to acknowledge with gratitude the generous cooperation of the
individual contributors. I thank numerous colleagues who aided me in
the review process, and the Academic Press staff for their gracious
cooperation.

It is fitting that I dedicate this volume to the memory of a visionary
scientist and great geneticist, the founding Editor, Dr. Milislav De-
merec, who was also my scientific mentor and friend.

JOHN G. SCANDALIOS



CONTENTS

ContribuborstoVolu’me22......................; .......................... vii
P00 5 v swssri s o bl e ofeos S pptaceingivn b dfeieflonsiy s 85 womridiclines & § ) 4

_ Structural Variation in Mitochondrial DNA

< RoNALD R. SEDEROFF

. Introduction: Structural Variation and Functional Conservation of

Mitochondrigl. Genomes. . iuts «cives nbie 5o g s 565 & TH o g ase S 05 8 bt b 2
. Structurdl Variation of Animal Mitochondrial Genomes............ o 0 15
. Linear Mitochondrial Genomes of Ciliated Protozoa and Chlamydomonas. 26
. Structaral Diversity in Yeast mMEDNA ... 0 .coolhpisiaspemobnmns s spnns 29
..Structural Variation and Organization in Filamentous Fungi............ 39
* Orgenization of MtDNA 0 AChIYG x5 5 5 5 wssismens s 5 s 35 s va 4l § 46
. Amplifted Circular Molecules in Fungal mtDNA........................ 46
.. Kinetoplast DNA. . ... it 56
. Higher Plant mtDNA Diversity .................... R N —— ST 66
. Conclusions and Directions of Future Research......................... 76

RefePOnOen  ; s siavis s ssmsmenis e = 5 smmmmns s S 4 RS TS 35 A BT 82

The Structure and Expression of Nuclear Genes in Higher Plants

JoHN C. SORENSON

s IIPORUCHION.  sisimrean = s mamems a% 5o wwbammns s & 7 5 456 pesmeias & ¢ 5 3 whsstiies 109
. Genome Structure in Higher Plants ................................... 110
. Genes Coding. for Seed Storage Proteins................................ 116
. Genes Coding for Other Proteins .....................ccoiiiiiiinnnonn. 125
. Unidentified Genes in Regulated Sets......................ccoovueunn.. 129
. Genes Coding for Ribosomal RNA ...................cciiiiiiiiinnnnnn. 131
. Conclusions and Thoughts about the Future............................ 134

References..................... ST persant o o o i K] 2 o e g obbas 2 i s 134

Chromatin Structure and Gene Regulation in Higher Plants
STEVEN SPIKER

. Intreduction: The Concept of Gene Regulation through Chromatin

SO UPO s hs 5 5 555515 5.7 & SR S Fodbnn o 5n Sreieitbrme e o e mve 3 X 145



-

I

CONTENTS

General Features of Chromatin in ngher Plants: Comparison to Other
Bukaryotes - < coseasaiss i smsvivws s 50 BT 6 6 & § 8 4 wEtlimans s 5.5 685, Srhnmse T R

. Characterization of Tmnscnptlonally Active Chromatin.................
Iv.

Prospects for Chromatin Structure and Gene Regulation Studies in
BAEHer PLANER. &0 o5 8 5 ciomionnnin « o vin miommaiarisss o o 88 ivisess &6 e anmmmansimiss
7T T R ] 165, 3 ST T ) S SO SR, A

The Molecular Genetics of Crown Gall Tumorigenesis

P. J. J. Hoovykaas AND R. A. SCHILPEROORT

o JOLFOCTCEION 4 «aiefinatsi w & 55 Sonammmiate: v o o wheiagmystoiniius & 5§ mioiasion § = & ¥ o % wieiscampsiommo
. Bacterial Taxonomy .. ........ouuutiiutieeineeeiieeeenneennneaneannnns
. Plant Tumor INdRCEION, & < onmu s s 5 s cisummnin o s s & s asmeidmg & o s £o prmmeseme s
. Tumor-Inducing and Root-Inducing Plasmids.........................¢.
. Genetic Systems for A. tumefaciens .................ccoviiiiiiiiiiiiin.
. The Genetic-Map of Ti-PIaBiilli. . . ... ..o i v on s s s s s feaie s
. Relationship between Ti-, Ri-, and Other Agrobacterium Plasmids . ......
. 'T-DNA Structure and Expréssion:’. . % .0 o . o S0, G
. Suppression of the Tumorous Character of Crown Gall Cells: .
Effect of T-DNA-Mutations. .\ .. usissmisns o s 8 suwssmen s 5o eiasmioe s
. Propects for the Genetic Engineering of Plants with Ti- and

REPIBSINIAB ... " is = - 5 sloinisior g x oo os Sraa ils & 5% i BIEGIR IS0 B o $2os HIB ST ieTS A8 5
References........................ 6 SR U ST L ER W AP Sh b taticac 5 1



IL.

IIL

IV.

S<«

VIIL

ADVANCES IN GENETICS, Vol. 22

' STRUCTURAL VARIATION IN MITOCHONDRIAL DNA

Ronald R. Sederoff

Department of Genetics, North Carolina State University, Raleigh,
North Carolina

. Introduction: Structural Variation and Functional Conservation of

Mitochondrial Genomes. .. ...... ... oottt
Structural Variation of Animal Mitochondrial Genomes. ................
A. Mammalian Mitochondrial Genomes. ................. ..o
B. Structural Variation in Drosophila Species..........................
Linear Mitochondrial Genomes of Ciliated Protozoa and Chlamydomonas
A Ciliated Protozoa, . UL AL LG S B i e {bs, o o1 A0l
B Chlionydomonas: . .. 543 S weidiin . Tl ewnlbnabd B0 DWlmadint s ek e b s
Structural Diversity in Yeast mtDNA . ... ...
A. Variation in Size and Organization of mtDNA in Yeast Species ... ...
B. Variation of mtDNA in Saccharomyces cerevisiae. ...................
C. Variation in Schizosaccharomyces pombe mtDNA. ...................

. Structural Variation and Organization in Filamentous Fungi ...........
. Organization of mMtDNA in Achlya@.............ccoiiiiniiiiiieiiininn.
. Amplified Circular Molecules in Fungal mtDNA .......................

B PEIHER o ocniie v 55 5100wy St 438 5k iyt o A6 Wy B P e e § 8 2y mraaes
B. Heterogeneity of mtDNA in Senescent Cultures of Podospora .. ... ...
C. Amplified DNAs in Aspergillus and Neurospora .....................
KnetoplagbDINE ... i ccevinin s osiosiimoimin v & alaosin it 858 s s o o 5 ok saas
A. General Properties of Kmetoplast DN, S A5 RS L D
B MIDItITcles . o i ntivie o S p B B e s dvn e dle ainle TS A O S e T
C.- Maxicingles . . 5. colonis £ gl s Fopie s S3RERE = b o wnbis grens see s 1 qinl 5257
D. Evolution and Function of Minicircle DNA..........................

. Higher Plant MEDNA DIVEIBIEY - -iccciciai pmavonss or e smsne & s & 5 oagrmin

A. Vdration in Genome St ™, 112 0: Mol l P et i SN
B. Circular Molecules in Plant mtDNA. ...............................
C. Cosmid Mapping of Maize mtDNA .................ccoviiiiinnn.n.
D. Plasmidlike DNAs ...............c..... VN v opr o B ke AR TI A

15
15
24
26
26
28
29
29
32
38
39
46
46
46
52
54
56
56
58
62
65
66
66
68
70
71

Copyright © 1984 by Academic Press, Inc.

All rights of reproduction in any form reserved.

ISBN 0-12-017622-X



2 RONALD R. SEDEROFF

E. Variation of Ribosomal Gene Organization...............coooiunnn. 75

F. Possible Rearrangements in Cell and Tissue Culture ................ 75
X. Conclusions and Directions of Future Research......................... 76
A. Genetic Engineering and mtDNA .......... et 2 412 R RS Rt S 76
B CONCIOBIONS s mris 525 5 5 58 S REIHEs 8758 &8 SRBEEE o6 & v ¢ 4 & siedoasdis oo s oo 79 -
References............... S KSR X §F SR § & 5 § § Rt die 4 = @ X u 82

|. Introduction: Structural Variation and Functional Conservation of
Mitochondrial Genomes

Although the function of mitochondria in oxidative phosphorylation
is common to virtually all eukaryotic systems, the great diversity of -
the mitochondrial genomes of plants, animals, fungi, and protozoa
is both fascinating and bewildering. In these systems, the basic
mitochondrial functions appear highly conserved, whereas the size,
‘organization, and structure of the genomes vary greatly. The size and
internal structure of mitochondrial genes also vary greatly in dlfferent
mitochondrial genomes.

This article is intended to review the structural diversity of mlto-

' chondrial chromosomeés, particularly the variations of size and struc-
ture resulting from rearrangements in mitochondrial DNA (mtDNA).
The observed diversity reflects both functional constraints and mecha-
nisms of genetic variation that underlie the divergent paths taken by
these unusual organelle genomes. In addition to unitary mitochondrial
chromosomes, many additional or supernumerary DNA elements, such
as plasmids and plasmidlike molecules, are found in mitochondrial
genomes. These additional DNA elements are extremely diverse, are -
found in mtDNA of widely different groups, and may be important in
the organization and evolution of mitochondrial genomes. The com-
parison of. these diverse systems is directed toward a better under-
standing of the evolution of mtDNA and toward suggesting directions
for future research. '

Many reviews and books have recently covered many aspects of the
structure and function of mitochondrial genomes. “Mitochondrial
Genes” (Slonimski et al., 1982) and the “12th Bari Cohference” (Kroon
and Saccone, 1980) are among the most recent. Gray (1982) and Wal-
lace (1982) recently reviewed mitochondrial genome diversity and
organelle evolution. Several reviews of plant mitochondrial genome .
organization and expression have recently been published (Leaver and
Gray, 1982; Levings and Sederoff, 1981; Levings et al., 1983). The
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evolution of mitochondrial DNA with respect to the origin of mito-
chondria has been reviewed by Gray and Doolittle (1982) and was a
major subject of a symposium of the New York Academy of Sciences
(Fredrick, 1981). The genetics and biochemistry of yeast mtDNA have
been reviewed by Borst and Grivell (1978, 1981), Tzagoloff et al. (1979),
Gillham (1978), Tzagoloff (1982), Borst (1981), and Butow and
Strausberg (1981). Several recent reviews of kinetoplast DNA struc-
ture and function have also been published (Borst et al., 1981b; Eng-
lund et al., 1982a; Englund, 1981; Borst and Hoeijmakers, 1979a).

Most animal mitochondrial genomes are found as monomeric circu-
lar DNA molecules of about 16 kb (Borst and Flavell, 1976; Wallace,
1982) (Table 1). Throughout the animal kingdom, relatively little vari-
ation is found in size or organization. In contrast, mitochondrial DNAs
of fungi are diverse in size, ranging from about 18 kb to over 100 kb,
and vary greatly in organization (Clark-Walker and Sriprakash,
1982). Major differences in the organization of sequences, or in the
amount of DNA in the mitochondrial genome, are found in closely
related species. Intervening sequences, absent from animal mtDNA,
are common in fungal mtDNA and have important roles in the ex-
pression of specific genes (Dujardin et al., 1982; Borst, 1981; Borst and
Grivell, 1981). In some species, amplification of specific DNA se-,
quences as small circular molecules may occur in the development of
senescence in Podospora anserina (Wright et al., 1982; Esser et al.,
1980; Belcour et al., 1981) or as mutations in fungi (Locker et al., 1979;
Faugeron-Fonty et al., 1979; Lazowska and Slonimski, 1977; Heyting
et al., 1979b; Lazarus et al., 1980a,b).

In higher plants, the diversity of mtDNA molecules is even greater
(Levings and Pring, 1978; Levings and Sederoff, 1981; Leaver and
Gray, 1982). Estimated genome sizes range from about 100 to 2400 kb
in dicotyledonous plants alone (Bendich, 1982). mtDNA populations
can be heterogeneous mixtures of linear and circular molecules, some
of which may be greatly amplified with raspect to other mitochondrial
genes (Levings and Sederoff, 1981; Dale, 1982).

Complete linear mitochondrial chromosomes with fixed ends have
been found in groups as divergent as Paramecium, Chlamydomonas,
and yeast (Grant and Chiang, 1980; Weslowski and Fukuhara, 1981;
Cummings and Pritchard, 1982). In some cases, the chromosomes are
always linear, e.g., in Paramecium; however, in Chlamydomonas, the
linear molecules appear to arise from site-specific cleavage of circular
molecules. The most unusual mitochondrial genomes are the
kinetoplast DNAs, which are composed of large maxicircles with inter-
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