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[Biology: Concepts & Connections (5th Edition)] p.184 Figure 10.2, Figure 10.3D —#Bck %

E x5 méw) =8

C
TV, ZENTIFSHOR EEZBOTVETZ 1. Well, let’s start today’s class.
WEEWET,
Ki’/u[/A <7z HEWnhohA

T T A
LS HIZ. 7 A ‘Eéﬁjﬁi et ik, ATRER, 2. Today, three people will explain about

o H HEoHI
e L“Cflﬂﬂ'j/\f’” ZoNT 3ATAT T L the genome, genes, chromosomes, life
TnEEnEENE 7 cycle, and cell division.

oL

EFNTIEETF ) LAIZHOVWTHHAL TN E 3. First, I will describe the genome.
EJc AN

Fbe b ’«i’%é&’) ffibi)ku : ff?”%)j\ﬂ‘:f 4. The cells of all organisms on the earth,
@E%@ffﬁﬂﬂ =S A AV AR 0] é"%o < including humans, contain a genome.
WET,

g7 NEFE, ATA4 R ’%ﬁv}’b“ﬁ/\ % U 5. A genome is defined as a set of
ﬁé%?ﬁ)ﬁod‘“@fZFOD n’*ﬁ Fix, D chromosomes of gametes and also the
%%%@E% 6 LdDHDIT Jé\fﬁ 7’0&; i 1£ necessary whole genetic information to
I v %éﬂiﬁ”o form a certain organism, as shown on

the slide.
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Gametes and chromosomes will be
explained later.

Now I will explain the constitution of
the genome.
The genome 1is composed of DNA
(deoxyribonucleic acid).

DNA 1is a polymer consisting of
nucleotides, in which a phosphate and a
base are covalently bonded to a sugar,
called a deoxyribose.

There are four different nucleotide
bases called adenine, guanine,
thymine, and cytosine, and they are
abbreviated as A, G, C, and T,
respectively.

In this slide, a thymine is shown.

Next I will explain the structure of
DNA.

DNA consists of two polynucleotide
chains that spiral each other, forming a
double helix curving up to the right.
The nucleotide bases inside the double
helix

paired in specific

adenine (A)

are
combinations: with
thymine (T), and guanine (G) with
cytosine (C). These pairs of bases are
held together by hydrogen bonds.

A specific region of DNA containing the
information that necessary to produce a
functional protein is called a gene.

Next, I will explain the diversity of the

size of the genome.
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[ v o~V A ] p.a52 2 20.1 X 0 1ERE

The Human Genome Project revealed
that the human genome is composed of
approximately 2.9 x 109 bases, that is,
three billion bases are connected, and
the number of genes is estimated at
twenty-five thousand.

This number was far less than the fifty
thousand to one million expected from
the genome size of three billion base
pairs.

In addition, Genome Projects for many
other animals and plants have been
performed that elucidated the sizes of
their genomes.

For  example, the genome of
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D1 ThHD 9.7x107, 7% 1 f%éﬂfl =Ny %Jr%lgq%li Caenorhabditis elegans, a nematode, is
= N0D) 40{%“(3?) % 1.2x1010, %1200%7[5:]0) composed of approximately 9.7 X 107
ﬁ‘f%ﬂf’f/ AZP%E&Z INTWBHZE 753‘;7)\75) bases, which is almost one hundred
STWET, million base pairs and a 30th of the size
of the human genome. Moreover, the
genome of Fritillaria assyriaca, a
flowering plant, has approximately
1.2x1010 bases, that i1s, one hundred
million bases and is forty times the size
of the human genome.
5. ZDOLHRT I AV A X‘O)%DWC LT, 5. It is considered that the diversity of life
%}%@%’j@%ﬂ) 5 x f-shTnge ﬁ%ﬁ e is caused by differences of genome size.
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[Biology (7th Edition)] (2004) p.211 Figure 11.6 —#ktkZs
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1.

Next, I will explain the structure of the

chromosome shown in this slide.

The basic structure of a chromosome is
the nucleosome, which consists of DNA
bound to a nuclear protein called a
histone. Furthermore, numerous
nucleosomes are connected to other
nucleosomes, and it has a fine
filamentous structure called chromatin.
Generally, chromatin is not observable

under a light microscope.

However, during cell division, the

chromatin is condensed and binds to

scaffold proteins to form rosettes of
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Z & T, DNA%H@S‘%U O b LB() 0 E chromatin loops. At this point the DNA
T, 200 H( 0)%)/3: %%@{ZIK L D}Z()\iﬁ has a thick filamentous structure. This

filamentous structure is called the
chromosome.
5. T, :{))éélt FO)Z@%%O)%%%D%J: L%Ei 5. Well, let’'s see the actual form and

P R AT 0)75);‘&%_(1,\3: FLIS, structure of the human chromosomes.
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These are the chromosomes of a
human male.

Humans have a total of 46
chromosomes. Chromosomes arranged
based on their size and form are called
a karyotype.

All chromosomes are composed of two
chromosomes (one pair of
chromosomes) that have the same form
and size.

This pair of chromosomes is called a
homologous chromosome and humans
have a total of 23 pairs of
chromosomes.

These two chromosomes are derived

from the father and mother,
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respectively.

In humans, the karyotype is described
as 2n=46, because humans have 46
chromosomes which are paired like
this.

This “n” is called the nuclear phase.

Please focus on these two
chromosomes.

These two chromosomes have different
sizes and form with each other.

These chromosomes are called the sex
the largest

called the X

chromosomes; sex
chromosome 18
chromosome and the smallest one is

the Y chromosome.

All chromosomes, except for the sex
chromosomes, are called autosomes.

A male has one X and one Y
chromosome, but a female has two X
chromosomes and no Y chromosome,
namely, only a male has a Y
chromosome.

The Y chromosome is extremely small
and has a few genes compared to the X

chromosome.

There are approximately 1000 genes
on an X chromosome, whereas the Y
chromosome has only 78 genes.

But, there is a very important gene for
males on the Y chromosome.

The Y the

chromosome carries

sex-determining gene, which is called
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i L.éfﬁ: %L%: LCTWET, SRY, and is the male-determining
gene.

17. 0D Y%Ll’g{fi(%ﬁo TV \7”: ELTH, 17. If the Y chromosome does not have
=0 SRYBE T T B A Kbk SRY, then those individuals who carry
WZoTLEHIZ & 75%? HMNT7e o TV E such a Y chromosome do not develop
7, into males, but into females.

L AL

18. ijj:f AV AN J%%ﬁ/v% Qé@{?fi ZOUWT  18. That concludes the explanation about

:@‘\ON‘)L\ 5]
DA Z KDY £, genomes, genes, and chromosomes.
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[Biology (7th Edition)] (2007) p.282 Figure 15.9 —#RL%E
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Now, I will explain about sex
determination and the life cycle.

As we said, one homologous
chromosome 1is inherited from the
mother and one from the father, and
sex chromosomes are inherited in the
same manner.

Therefore, in humans, when a sperm
cell containing X  chromosome
fertilizes an egg, the offspring
develops as a female.

Conversely, when a sperm cell with a
Y chromosome fertilizes an egg, the
offspring develops as a male.

So, in humans the sex of an offspring
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depends on the sex chromosome
carried by the sperm cell.

As shown in the middle of the slide, in
grasshoppers, crickets, and some other
insects, there is only one type of sex
chromosome, the X.

Females have two X chromosomes and
males have one X chromosome.
Therefore, if a sperm cell carries an X
chromosome, the offspring of the next
generation develop as female.

In contrast, if a sperm cell does not
contain an X chromosome, the
offspring is male.

However, the sex of an offspring does
not depend on the male sperm cell in
all animals, as we saw for humans and
insects.

For including

example, in birds,

chickens as shown here, males have

the same shape of the two sex
chromosomes, and females have a
different shape of the two sex
chromosomes.

The sex chromosomes in birds are
designated Z and W chromosomes as
opposed to X and Y chromosomes in
mammals.

Therefore, the sex of the offspring in
birds is determined by the type of sex
chromosome carried by the female
ovum and not the sperm.

However, a sex-determination gene,
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So, we are now going to find out how
chromosomes and genes in human are
carried over to the offspring of the
next generation.

This figure show the process, which is
called the life cycle.

First, this cell is called a sperm cell
which develops as a germline cell in
the male testes, and that cell is called
an ovum, which is produced in the
ovaries of the adult female.

The vehicles that transmit genes from
one generation to the next, like sperm
cells and ova, are called gametes.

The fertilized egg, or zygote, is
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generated by the fusion between these
two gametes.

This fusion is called fertilization.
After the resulting fertilized egg
develops like this, this cell develops
into a sexually mature adult male or
female.

Next, gametes develop in the adult
male and female again, and
chromosomes and genes are inherited
by the offspring of the next generation
by fertilization.

All cells of the human body, including
the fertilized egg, other than gametes,
are called somatic cells, which develop
by a type of cell division called
mitosis.

However, gametes, sperm cells, and
ova, are the only cells not to be
produced by mitosis.

Imagine what would happen if the
human gametes were made by
mitosis: They would have 46
chromosomes, like the somatic cells.
At the next round of fertilization,
when two gametes fuse, namely, the
normal fusion between the 46
chromosomes in the sperm cell and
the 46 chromosomes in the ovum, the
chromosome number of the fertilized
egg would be doubled, that is, 92
chromosomes.

Each subsequent generation would
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double the number of chromosomes

yet again.
This hypothetical situation of a
constantly increasing chromosome

number 1is avoided through the
process of cell division called meiosis.

This type of cell division reduces the
nuclear phase in the gametes from 2n

to n, as shown here.

This compensates for the doubling of
the chromosome number that occurs
during fertilization.

For this reason, sperm cells and ova in
called haploid

humans are cells

because they contain 23 chromosomes
(n).

On the other hand, the cells other
than gametes, including the fertilized
egg, are called diploid cells.

In this figure of the life cycle, the
yellow-colored regions highlight the
haploid cells and the blue-colored
regions highlight the diploid cells.

In humans and most other animals,
gametes are the only haploid cells.
Meiosis occurs during the production
of gametes, which undergo no further
cell division prior to fertilization.
Therefore, the period of 1n is very

short in the human life cycle.
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The alternation of meiosis and

fertilization is common to eukaryotes.

However, the timing of these two
events in the life cycle varies
depending on the species.

This figure show a life cycle of species
called Chlamydomonas (green algae).

In this species, the diploid cell is only
found in this cell, called a zygote.

This diploid zygote does not undergo
mitosis, and the period of this cell is
very short, unlike human diploid cells.
Firstly, gametes fuse and form a

diploid zygote like this.
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After this, meiosis quickly occurs in
the diploid zygote.
Unlike

humans, meiosis does not

produce gametes, but produces
haploid cells that then divide by
mitosis and give rise to a haploid
adult organism.

Subsequently, the haploid organism
carries out mitosis, producing the cells
that develop into gametes.

This explanation about sex
determination and life cycle is now

adjourned.
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[Biology (7th Edition)J (2007) p.246 [X] 13.9 —#Bk%E

From now, I will be talking about two
types of cell division, and diseases
caused by abnormalities in the
number of chromosomes.

This slide represents the processes of
mitosis and meiosis.

The left side shows mitosis and the
right side shows meiosis.

A parental cell which is about to
divide is shown in the center of this
slide.

Mitosis and meiosis both begin with
replication of the DNA in the parental
cells.

By replication of the DNA, the nuclear
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phase in the parental cells

temporarily becomes 4n.

It is the subsequent processes that are
different between the two types of cell
division.
First, I will explain the process of
mitosis.
after replication of the

In mitosis,

DNA, the chromatin condenses,
resulting in the appearance of the
chromosomes composed of two sister
chromatids.
After this, these chromosomes are
arranged along the equatorial plane of
the cell.

Subsequently, the sister chromatids
are separated into two daughter cells.
After cell division, the nuclear phase
in these daughter cells is 2n.
Therefore, in mitosis, one-time-DNA
replication followed by one-time-cell
division forms daughter cells with the
same chromosomal complement as the
parental cell.

The condensation of chromatin, the
alignment of chromosomes, and the
separation of chromosomes, are called
the prophase, metaphase, and
anaphase/telophase, respectively.
Now, I will explain the process of
meiosis.

Unlike mitosis, cell division takes
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place twice in meiosis after the DNA
has been replicated.

Prophase, metaphase, anaphase, and
telophase in the first cell division, are
metaphase 1,

called prophase 1,

anaphase I, and telophase 1,
respectively.
During prophase I, chromosome

tetrads appear. These are formed by

the attachment of homologous
chromosomes.
The association of homologous

chromosomes is called pairing.
Chiasmata are formed between sister

chromatids, as shown by the red and

blue bars, and play roles in the
attachment of homologous
chromosomes  until chromosomal
separation.

During metaphase I, the chromosome

tetrads are arranged along the
equatorial plane of the cells.

During anaphase I and telophase I,
the sister chromatids are separated,
resulting in the formation of daughter
cells with a 2n nuclear phase.
In the second cell division, sister
chromatids are separated into two
daughter cells as in mitosis. This
forms daughter cells with an n nuclear
phase.

In meiosis, the nuclear phase of the

daughter cells is changed from 2n to n.
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The chromosomal complement of
these cells is also changed.
I will explain about how the

chromosomal complement is changed

in the following slides.
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[Biology (7th Edition)] (2007) p.248 X 13.10 —¥ck%s

%‘é [ES kgﬁﬁﬁ L7c&oiz, f%:( L :%E)I% 1. As 1 explained, paired homologous
ng@ fZli iﬁPﬂ;ﬁI é%@:%ﬁfufi%}\ 2}%& chromosomes are separated and
L O@fﬂﬂﬂ@ ﬁ SNET, distributed into two daughter cells after
their arrangement along the cell
equator in metaphase 1.
ZC@ZL?K\ jji & 5)2/] t@ir/;w<{m NELG 2. During this process, it is determined at
@%EH&L)K }ﬁp:rluﬁfbﬂ Sh5b ﬁ*&i%%%@iﬁ%i U] random which paternal or maternal
£7, chromosome is distributed into each of
the two daughter cells.
;ii Cg:rhﬁ%é Gi%a %ﬁébuf @%M%MODXT“C 3. Moreover, separation of the
§< Ufj&iﬁl D EF, chromosomes occurs independently for
each pair of homologous chromosomes.
D& é"{;ﬁ%%ﬁ;/\d 215, 5%99%)2:%“ 4. This is termed independent assortment
0)@4 75 EE s [@U\i T of homologous chromosomes in meiosis.
T HOWT, é"ﬁo CH LET, 5. I will explain this using this slide.
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6 L/%é :ﬁo)%ﬁ%ﬁé%{ﬁﬂ%é%ﬁé%fﬁbé 6. Here is a hypothetical cell with two
LET, pairs of homologous chromosomes.

7. /M\E“C Hob LD 75) % mgfh\“é\ % 7. The red bars represent the maternal

T bbb Lt@b) Vi M%‘%'@ﬁ“o chromosomes and the Dblues bars
represent the paternal chromosomes.

8. @%E{ ﬁ u/bT L7z ﬁ) )&f% 1o Xoiz - 8. For possibility 1, shown on the left side
L RN AV TR 8 YN TR of this slide, the daughter cells could
£l C’/ﬁ LENDZ ENHILE K HODZ':T{E' inherit two kinds of chromosomes
ﬁ_/T L7zw ﬁE}iZ PE) ﬁ_}”al/jji D %Jaﬁﬁ derived from the same parent. On the
HSE o it 1K % 5o & 5 e il S s = other hand, as shown for possibility 2 on
EbdHET, the right side of the slide, the daughter

cells could have chromosomes derived
from different parental origins.

9. :ﬁlﬁlg @;%\g@%}\ ﬂ%t}%i =ha LZILE) %‘ﬁig’ﬂ)@ 9. After the second cell division, there are
Zf}ég(@%*%\“@ 4%5 n nnj%/ ZbIvET, 4 possible assortments of the

chromosomes in a daughter cell.

10. %E)I%Jz;béf{mﬁf %327@&@1 Lo T, %);ﬁf@ 10. It can be seen that gametes with
i {7 & &iif A ;éu () {7«[&\ ;‘ﬁﬁ/{ﬁ: HO different chromosomal complements
ﬁéﬁ%) FN: bNDZ &N /\75> D E9, from those of parental gametes are
Zflg{b 0)1:‘ ,,}% el \EU’{E LT bT DI generated by the  independent
%E}I%J)Z:“U Y /ﬁ LT TIEH Y £ assortment of homologous
Ao chromosomes. Independent assortment

of homologous chromosomes is not the
only mechanism that causes changes in
chromosomal assortment during

meiosis.

Py
JJ
%%ﬁﬂn 1. (D bDENL SIST T, Bld] =& T,
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[Biology (7th Edition)J (2007) p.249 ¥ 13.11 —#FtkZs

During prophase I, an exchange
reaction occurs between homologous
chromosomes, which 1i1s termed
recombination.

This is also a cause for changes in the
chromosomal complement.

I will explain this using the next slide.
Here is a hypothetical cell with a pair
of homologous chromosomes.

The red bar represents the maternal
chromosome, and the blue bar
represents the paternal chromosome.
Recombination occurs between

non-sister chromatids of these

homologous chromosomes.
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By this process, for the example
chromosome, a part of it is paternal
but the rest is maternal.

Thus, the assortment of genes on a
chromosome is changed.

At the site of recombination,
chiasmata are formed  during
metaphase I. The right side of a
diagram is a microscopic image of an
actual chiasma.

By recombination, as well as the
independent assortment of
homologous chromosomes that 1
explained earlier, chromosomes in
gametes could become a mixture of
both paternal and maternal
chromosomes.

It can be seen that meiosis functions

as a generator of diversity in genomes.
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[Biology (7th Edition)] (2007) p.287 X 15.15, [Campbell Media Manager with visual guide version 1.1]
CD-ROM2 chapter 8, 08_22AxKlinefelter_XLP.jpg
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Finally, I will explain about human
diseases caused by abnormalities in
the number of chromosomes.

At mitosis, as well as meiosis, cells
rarely fail to distribute their
chromosomes precisely.

This may result in chromosomal
abnormalities, such as the number of
chromosomes in the cells is different
from normal ones or part of the
chromosome is lost.

I will now introduce several human

diseases caused by abnormalities in

the number of chromosomes.
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5. Down’s syndrome is reported to occur
in 1 out of 800 people and make
heart

patients susceptible to

disorders, leukemia, Alzheimer's
disease, or other disorders.

6. As shown on the left side of the slide,
the karyotype of Down’s syndrome
patients has three of the 21st largest
chromosome and 47 chromosomes in
total.

7. Klinefelter’s syndrome is a syndrome
affecting males caused by the
presence of double X chromosomes,
which are usually present as a single
copy in normal male cells.

8. Turner syndrome is also caused by a
chromosomal abnormality, but

conversely to Klinefelter’'s syndrome,

this is caused by the presence of
single X chromosome in female cells.

9. This ends our class.
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