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Preface by Hao Shui

Chromosomes have been recognized for more than a century. As early as the middle of the
18th century, the description of chromosomes was reported. According to historical records, the
chromosome was first described by Nageli (1842), based on his observations of Trandescantia
in the process of pollen development. However, he did not use the term “chromosome” at that
time. “Chromosome” was coined by W. Waldeyer (1888) and first appeared in his published
paper in a German journal; “chromosome” was used to describe a tiny rodlike structure stained
by alkaline dye. In Germany, it was known as Chromosomen (pl.). In 1926, Thomas Hunt
Morgan, an American scientist, proved the linkage and cross-over law based on the data from his
experiments with fruit flies. He confirmed that the genes which carried the blueprint for life were
situated within chromosomes. Naturally, research work on the molecular basis of hereditary
material, thereafter, became focused on the study of chromosomes. Later, biochemical discoveries
indicated that there were two kinds of molecules in chromosomes: nucleic acid and protein. In
1944, O. T. Avery and his coworkers demonstrated that the transforming factor was DNA rather
than proteins derived from Streptococcus pneumoniae transforming experiments. In 1953,
Watson and Crick proposed the double-helix structure of DNA. Along with other notable
discoveries, DNA was finally regarded as bearing the hereditary molecules of the gene.

Given that there are a great number of proteins in addition to DNA in the chromosome, what
are the functions of these proteins? Studies have demonstrated that there are two kinds of proteins
in chromosomes: one is histone, the other is nonhistone (NHP). The former includes five kinds
of proteins: H2A, H2B, H3, H4 and H1; among these proteins, two molecules each of the former
four kinds of proteins revolve around a core histone octamer, known as the nucleosomal core. The
nucleosomal core interacts with DNA to form solenoid chromatin fiber (A. L. Olins and D. E.
Olins 1973, 1974). The types of NHP are numerous (more than 30), and exist in large numbers
of variegating strains. They constitute the skeletal structure of the chromosome. Studies over the
past twenty years have demonstrated that both histone and NHP play an important role in gene
transcription, replication, recombination, condensation, decondensation, and chromosomal
configuration. Furthermore, these studies also discovered the existence of a surface layer
constituted by ribonucleoprotein (RNP) around the chromosome at metaphase. However, we are
far from fully understanding the function of this RNP surface layer tightly bound to chromatin.

From the findings of more than a century of study on chromosomes, the individual
chromosome contains not only DNA macromolecules as hereditary codes but also various
proteins involved in adjustment of DNA pre-hereditary functions (gene transcription, expression,

replication, recombination, condensation, and generation).
- i -



Basically, a chromosome is a highly condensed structure at metaphase of the cell cycle. It

is constructed by 10 nm filament of nucleosomes following 4 — 5 steps of condensation and has
a diameter of 1000 nm. The somatic cells of an individual have a given number of chromosomes,
and their size and shape (length, diameter, centromere position, and other characteristics) have
individual specificity. There are simple and clear image expressions of genome in different
species.

Professor Chen Ruiyang and his research group in the Department of Biology, Nankai
University, have made outstanding contributions in the field of plant karyotype preparation
techniques. They have conducted several national training courses for these preparation
techniques for many professionals and, thereby, have promoted a vigorous stimulus for development
of plant chromosome research in our country. Over the past twenty years, Professor Chen and his
colleagues have collected a great deal of literature and pictorial data on karyotypes of economic
plants in our country. Chromosome Atlas of Major Economic Plants Genome in China, is divided
into four volumes, covering fruit trees, crops, horticulture plants, and bamboo species. In the field
of fruit trees alone, the atlas includes information on 261 species in 52 genera from 29 families.
It is a praiseworthy endeavor that wild kindred plants are included in the atlas volumes of fruit trees
and crops; the academic and applied values are self-evident. There is a significant supply of
systemic objective basic data for important economic plant karyology, especially functional
karyology. This is essential in research concerned with economic plant heredity, origin,
evolution, and, especially, breeding practices for improving plants. This atlas, provides advanced
information in comparison with similar international publications.

The authors are offered my hearty congratulations on the occasion of the publication of
this atlas.

Academician Hao Shui
Chinese Academy of Sciences
Professor of Northeast Normal University
Feb. 5, 2002
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Preface by Yang Hongyuan and Zhou Chang

It was in the early 1960s that we first met Mr. Chen Ruiyang. Although young and
inexperienced at that time, we were both fearless and dedicated in our pursuit of scientific research
in China. But this didn’t last long. Our hopes were destroyed during the ten-year “Cultural
Revolution” and our research was suspended in the initial stages. Subsequently, the overthrow
of the “Gang of Four” and introduction of reform and open-door policy in China restored
scientific research to its full bloom. Although each of us, including Ruiyang, had reached middle
age by that time, we were still encouraged and, with irresistible enthusiasm, immersed ourselves
in our new research; we vowed to utilize our time wisely and to overcome the deficit in valuable
research time lost over the years.

In 1979, the China Plant Association assigned the Department of Biology, Nankai University
to hold the first national course on chromosome technology. 1(Yang Hongyuan) was honored to
be involved in presenting the class and co-wrote with Prof. Chen a paper subsequently included
in the colloquia for participators. Following our collaboration, we continued to maintain contact
and encouraged each other over the years despite of the fact that we pursued research in different
fields. Admittedly, [ was an armchair strategist in this field while my colleague persisted in real
earnest in his efforts for over twenty years. Chen is highly regarded for his practical and consistent
attitude toward academic work. We are delighted with his achievements.

It is recognized that the chromosome is the bearer of genetic information. Only when the
gene is sited on the chromosome can it function in heredity. Currently, life sciences are focused
on genomic research, but research at the molecular and cellular levels also needs to be included.
The research focus shifts from cell to molecule and then back to cell, which is the trend in scientific
development. This chromosome atlas of plants edited by Professor Chen includes 1200
chromosome plates of 945 species in 267 genera, representing 90 families, a great accomplishment
by Chen and his research colleagues over two decades. It eliminates a knowledge gap with the
chromosome atlas of plants in the world and presents the great contribution made by these
researchers within this field in China. This outstanding work will certainly be passed on from
generation to generation.

Without updating experimental technology, science would never continue in its development.
It was difficult to deal with plant materials that have numerous chromosomes of small size using
the previous karyotype preparation technology. Professor Chen creatively proposed “ walls
degradation hypotonic” methods, which greatly improved the quality of preparation of plant
karyotypes. This methodology forms the basis for the methodology used within this chromosome

atlas. Not satisfied with karyotype analysis, Chen also proposed a series of banding methods such

. Vil



as plant chromosome G-banding technology enabling plant chromosome research to enter an even
more microcosmic stage as demonstrated in this atlas. In recent years, Professor Chen continued
his research and created more precise experimental procedures such as chromosome micro-
dissection, separation and cloning, introducing a new era in the future of plant chromosome
engineering.

We express our hearty congratulations in recognition of Prof. Chen’ s years of laborious

research with his colleagues and in the publication of this atlas.

Academician Yang Hongyuan
Chinese Academy of Sciences
Professor of School of Life Science, Wuhan
University
Professor Zhou Chang
School of Life Science, Wuhan University
Dec. 31, 2001
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Preface by Hong Deyuan

The chromosome is the bearer of genes that control not only heredity and variation, but also
reproduction and growth. The number, structure, and behavior of chromosomes are also adjusted
and controlled by genes. As far as the structure and function, and behavior and evolution are
concerned, chromosome research not only focuses on the past, but also analyzes the present and
forecasts the future. Consequently, cytogenetics, cytotaxonomy, biosystematics, and molecular
cytogenetics have received much attention and have been vigorously developed over the past
several years. Moreover, the completion of the draft sequences for human and plants genome has
marked a milestone for life sciences in the 21st century. In researches at different levels and
aspects in the above-mentioned areas, the composition (one genome or more) and the structure
of the genome are considered as a basic unit or based on identification of a single chromosome.
The Chromosome Atlas of Major Economic Plants Genome in China compiled by Professor Chen
Ruiyang provides an important basis as a research reference for the above-mentioned disciplines;

it highlights one of the basic developments in the life sciences.

In China, plant chromosome research began not long ago and no significant research was
carried out before the~1 980s. Following the introduction of reforms and the open-door policy in
China, various study classes in addition to both domestic and international seminars were held in
Nankai University and various regions throughout the country. These educational and informative
sessions were organized and participated in by the Department of Biology, Nankai University; the
Department of Biology, Peking University; the Institute of Botany, Chinese Academy of
Sciences and the Academy of Agricultural Sciences of China. These ventures promoted the rapid
development of plant chromosome research. Therefore, regarding the extent and depth of
research or technical expertise in this field, China has approached or reached the advanced world
standard. Among leading researchers, Professor Chen Ruiyang , head of the Plant Chromosome
Laboratory at Nankai University, together with his colleagues, researched relentlessly, vigorously,
and enthusiastically in China for the past 20 years. They conscientiously and painstakingly
gathered plant specimens from the various regions of China. Their work has been documented
with photos of chromosomes from each species with superior chromosome technology and
exquisite photographic pictures. Detailed karyotype parameters were determined and four
volumes of Chromosome Atlas of Major Economic Plants Genome in China were then compiled.
This publication deserves the profound appreciation and congratulations from its readers for the
work it represents and the value of its contents. This atlas is not only an original great work
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domestically, but also a resource that fills a gap in plant chromosome research internationally. It

will undoubtedly attract widespread attention.

Academician Hong Deyuan
Institute of Botany,
Chinese Academy of Sciences
Chairman of Life Sciences Division, National Natural
Science Foundation of China(NSFC)
Chinese Academy of Sciences
The Third World Academy of Sciences
Dec. 15, 2001
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Author’s Preface

For more than a century, cver since the term “chromosome” was coined by Waldeyer in
1888, research on the structure and function of chromosomes and genomes has been one of the
most dynamic research fields in the life sciences. When the human genome sequence was first
revealed in June 26, 2000, great excitement was abound in the research community. The mystery
that where human beings came from and go, finally would be disclosed in the future. The spatial
structure of genes situated in the chromosome would also be discovered and this will initialize
anew age for cross-disciplinary life sciences.

However, any discipline matures as it progresses from long-term accumulated knowledge
to the stage of quantitative change to the bounding leap to the stage of qualitative change. So is
the case for chromosome research. After persistent research efforts for more than 70 years from
1882 to 1956, researchers concluded that the number of chromosomes for humans was 2n=46, not
2n=48. With the continual innovations and improvements in chromosome technology, notably,
the invention of hypotonic method in the early 1950s, chromosome research of higher mammals
including humans has made great strides. In the ten years from 1960 to 1970, four successive
international seminars were held to establish unified international standards for the analysis of
human chromosomes.

T. C. Hsu spent ten years editing the first Atlas of Mammalian Chromosomes in the world.
This atlas made a significant contribution in the development of the disciplines based upon
chromosome research (such as cell biology, cytogenetics, cytotaxonomy, cytogeography and
biosystematics) and also laid a sound foundation for the latecomers, molecular biology and gene
location on chromosomes.

Chromosome research of plants advanced in the 1930s and 1940s; however, its development
since the 1950s was relatively slow in comparison with the chromosome research of animals.
There was no published plant atlas which could compare in quality with the Atlas of Mammalian
Chromosomes. However, there were several books and periodicals in which chromosome
numbers of plants were recorded, such as (1) C. D. Darlington and A. P. Wylei (1955),
Chromosome Atlas of Flowering Plants; (2) C. D. Darlington and E. K. Janak Ammal (1945),
Chromosome Atlas of Cultivated Plants;v(3) Peter Goldblatt, Index to Plant Chromosome
Numbers; and (4) V. L. Komarov (1969), Chromosome Numbers of Flowering Plants. The author
of this atlas and the laboratory lead by him were inspired to edit an Chromosomes atlas of major
economic plant genome in China after setting up “wall degradation” and hypotonic methods for
plant karyotype preparation in 1979 and 1982.

In the 1950s and 1960s with the introduction of various new chromosome technologies,
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chromosome research reached its peak internationally. Chromosome research of plant had a late
start in China for a variety of reasons. There was virtually no research in China except in the
Taiwan Province prior to 1976. Therefore, information on the numbers and karyotype analysis
of plant chromosomes determined by the Chinese ourselves (excluding Taiwanese and Chinese
overscas) was not commensurate with the status and rich varieties of plant resources in our
country.

The Chromosome Laboratory in the Department of Biology, Nankai University,
commissioned by the China Botanical Association, held the first national study classes of plant
chromosome technology twice in 1979 and 1981; more than 300 institutions participated. In the
ensuing years, chromosome research of plants in China entered a vigorous developmental stage.
Based upon incomplete statistics, there were approximately 600 papers published on chromosome
research of plants involving 3000 species (Xu Bingsheng 1986, 1988, 1989) from 1979 to
1988. The first national seminar on plant chromosomes was held in Xingcheng City, Liaoning
Province in August, 1984. There was a third study class on plant chromosome technology in
Changli, Hebei Province in 1986. Two Sino-Japanese seminars on plant chromosomes met first
in Beijing Xiangshan in 1987 and then at Nankai University in 1992. A number of papers
presented at the colloquia, on relevant plant chromosome technology, were published thereafter.
The above mentioned academic activities stimulated further interest in the development of
chromosome research of plants in China. Simultaneously, improvement and innovation in
technologies for chromosome research of plants introduced such procedures as wall degradation,
hypotonic methodology, Giemsa C-banding, N-banding, G-banding, Ag dyeing and karyotype
analysis in the preparation of karyotypes. This was a clear indication that China was advancing
in status to a global level in various aspects in this field. In little over ten years, the gap in the
chromosome research of plants in China closed. This indicated that it took only ten years to
eliminate the gap created by more than a century and a strong foundation was built for further
development of the chromosome research of plants in China.

The research represented in this set of chromosome atlases was accomplished in spite of the
conditions described above. The staff members of the Chromosome Laboratory of Nankai
University headed by Professor Chen Ruiyang and with the participation and support of well-
known experts on plant chromosomes in China, such as, Li Maoxue , Researcher Lin Shenghua
and Professor Liang Guolu herein publish their research data pursuant to their work of more than
20 years. Research specimens were selected from 30 thousand highly cultivated plants and their
wild kindred plants based upon their value economically and theoretically. We recognize the
great significance in the collection of these native cultivated plants and their wild ancestors.

Concerning chromosome research technology, in addition to the tablet method applied to
some materials, the wall degradation and hypotonic methods were used for the preparation of most
of the chromosome specimens in this atlas. Therefore, chromosomes were dispersed, flattened

and easily measured. An unified analytic standard was adopted for karyotype analysis and
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computer calculations were performed to reduce the risk of human error and ensure accuracy. At
the same time, taking into consideration specific materials, this atlas made use of various
technologies, such as, C-banding, N-banding, G-banding, Ag dyeing as well as the most advanced
chromosome technologies such as rDNA in-situ hybridization and FISH which enables the results
in this atlas to reach an advanced world standard.

There are four volumes in this Chromosome Atlas of Major Economic Plants Genome in
China:

Tomus I  Chromosome Atlas of Fruit Trees and Their Wild Kindred Plants in China

Tomus I Chromosome Atlas of Crops and Their Wild Kindred Plants in China

Tomus [ Chromosome Atlas of Garden Flowering Plants in China

Tomus IV Chromosome Atlas of Various Bamboo Species

The publication of this atlas is not only of importance for theoretical work such as the origin,
evolution, heredity and breeding of cultivated plants, but also for its wide application in such
areas as implementation of the plan for cultivated plant genome, sketches for the heredity atlas
and location of genes in the chromosome.

This author and the chromosome laboratory lead by him have been funded by the National
Natural Science Fund thirteen times since 1985, which paved the early way for this research and
the publication of this atlas in different respects. This time, the National Natural Science Fund
for Research Publication was awarded again which enabled this current publication. This is
joyous occasion for all of us. In the process of preparation and publication of this atlas, we
received the advice and encouragement of our teachers and friends: Professor Zhou Chang and
Academician Yang Hongyuan from Wuhan University; Academician Hao Shui and Professor He
Mengyuan from Northeastern Normal University; Academician Zheng Guochang from Lanzhou
University; Academician Hong Deyuan from the Institute of Botany, Chinese, Academy of
Sciences ; Academician Zhai Zhonghe and Professor Zhu Cheng from Beijing University and
Professors Wu Xiaohang , Zhang Yuling, Zhou Zhihang and Zhang Zili from Nankai University.
Guidance was also received from Professor Tanaka, the former president of Hiroshima University
and doctoral supervisor of this author. We hereby express our heartfelt thanks to each one of them,

Although we have made persistent efforts for more than twenty years to replicate experiments
on each material for standard cells, we acknowledge the need for improvement in some plant

materials. Your suggestions are always welcome.
Prof. Chen Ruiyang

Naikai University
Nov. 30, 2001
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