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MIRUNRE IZALITAE {Cellular Reproduction)
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Tawaadiuidunii cytokinesis

Chromossome
duplization

Seperation of
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)
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chromatids
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The Mitotic Cell Cycles
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Chromatin  SPindle of nuclear Nankinetochaore
(duplicated} Centromere envelope \. microtubules
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envelope mombrane  of two sister chromatids pole microtubule
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Centricle
pait Aster

Cenirosome
(spindle pole)

Metaphase
plata Kinetochore

Sister
chromatids

Qverlapping
nonkinetochore
microtubules

Kinetothore
mierotubutes

{a} Diagram of two duplicated chromosomes
arrayed et the metaphase plate

. RN
{b} Tranamission electron micrographs

From Dr, Mstthew Sehibler, Phatoplzsma 137 (1937):29-44.
Reprinted by parmaission of Bprnger-yeriag. Rl
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Relative concentration

{b) Molecutar mechanisms
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dish surface and
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P €).
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stop dividing (density-
dependent inhlkition),
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sereped away, the - . .
o remaining celta divide. ~
2 tefilthe gapend ;. .
then stop (denity-
dependant inhibition).

(2) Norma) mammahian ceils

Cancer Cells
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Lymph
vessels

Glandular
tissue
Metastasis

© Atumorgrowsfroma € Cancer cells invade © Cancer cells spread through
single cancer cell, neighboring tissue. lymph and bliood vessels to
other parts of the body.
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' ¢ A o g o o o A e g
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11 + [P 1 = a T o ' .
tdwnTutia chromosomes TiwRetios 172 vasdwauaaduSunii chromosome reduction
(2n — > n}
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' L kA (A %
AILLILLLY meiosis § 2 Tuaaudaliteanu 3un
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Meiosis | : 1Iun17u1$ homologous chromosome W28 144 chromosomes &4
4
ATINUY
Meiosis Il : 1wn13uLi9 sister chromatids ((iaum sy mitosis WiEnTaaduIu

chromosomes)

MEIDSIS 1
Separastes homologous chromosomes

il ANaPHASEL

METAPHASET "~

Centrosomes Chlasmata Microtubule Sister chromatids
{with centrinle sttached ta  Metaphase romain attached
pairs} kinetochore plate

Niictear  Chromalin Sister Tetrad Centromers
envelope chromatids {with kinetochore} chromosomes saparate
Hoamoalogous
Chromosomes chromogsomes Totrads line up Pairs of homologous
duplicate paie and oxchange CHramosomas
seygmoents split up
Copyngtt T Poarson Sauration, ., < § © F-

Interphase |

wgnsthmilanly mitosis

FuaTeilUsiuuaz RNAs

Chromosome duplication 1diilw 2 sister chromatids ﬁﬁdﬂeﬁﬂaﬂﬁ%ﬁ centromere L
chromosome A&

Centrosome replication ¢ 2 centrosomes

Prophase |

tuszezuie Chromosomes %38 chromosome reduction 270 Diploid cell (2n) llaidu
Haploid cell (n)
P : e s o o 4 '
Un@lurasisroneg (2n) i chromosomes finfiauiudaFonit Homologous chromosomes
f ' ‘ A & oA .t L | ) o
atas 1 g udluirad gamete JinBafissuriadon (n) uiulesiny gamete BnimriTzas
fertilization Y laloadalsou (embryo) & homologous chromosome el (2n) i
" U3 I i
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Leptonema : Leptos = thin

Zygonema : Zygon = adjoining
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3. Pachynema : Pachus = thick

4, Diplonema : Di = two

5, Diakinesis : Dia = across

1. Leptonema : chromosomes un9endule {filament) Winlduey

2. Zygonema : chromosomes ﬁ'mﬁauﬁu (homologous chromosomes) mé‘:u, Lﬁwﬁ'@%’u LLEi:L’JT’]@;ﬁ'u

- 13un77 synapsis

:': 3. Pachynema : homologous chromosome mm’i’fw,m:wmz?u weRzUYIaLAR 2 chromatids Hany
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- Secondary spermatocytes Uil Meiosis Il |6 Spermatids (n) NInaa 4 LT&8

. Spermatids differentiate 1flu Sperms 4 4 LIRS

+  Primary oocytes (2n) i1 Meiosis | o secondary cocytes (n) 1 \TAd Wae Polar body 1
g
LTAaR

»  Secondary aocyte ¥iaJ fertilization W& WRs polar body Wijs Meiosis Il 'l& Ovum {egg) 1
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+  Primary Spermatocyte {2n) L4 Meiosis | 1o secondary spermatocytes (n) 2 LTRE
+  Secondary spermatocytes Wils Meiosis Hl e Spermatids {n} YHWNA 4 TR

. Spermatids differentiate 1% Sperms 19 4 1Ha%

Mitosis
™ (several
generations)

Cytoplasmic
bridges

i

Spermatids

Figure 2-17b Principles of Genetics, /e
© 2006 John Wiley & Sons
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«  Primary cocytes (2n) WL Meiosis | o secondary oocytes (n) 1 LTAS Wz Polar body 1
LIRS (n)

»  Secondary oocyte ﬁ‘:\‘l 2 Lradiua Meiosis Il 'l&f Ovum (egg) 1 VHRE (n) Uaz 3 polar bodies
(n)

- luaw secondary oocyte PNFING1 Fallopian tube 37N Graafian foliicle Sondunauiiin
Ovulation Haifia meiosis I s=nir9fiaRaus I

o s = d . o o
+  egg NTUMINANIN sperm 2uifialln zygote 1ORAUMNANN oviduct LRINHIFIR uterus
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First
polar body
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(n)
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Polar
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dividing

Polar bodies (n)

Cortical granules i
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Figure 2-17a Principles of Genetics, 4/a
© 2006 John Wiley & Sons
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AUIIWNIIARENTIN (Fundamental of Genetics)
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rossing Over
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A Genetic Cross
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Genetic Traits
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onohybrid Cross
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A ' P ar 2 = o Ve
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st lerfibzad,

&F Tot ancd awar!
plonts oppear
ey thip
offtspring of
he yhrids
anproximateiy
it a ratio of
Fatt o 1 el

TAT Talt 277 Dwyart

Figure 5.1 Moendel's crosses involving ekl aeencd ot va-
rietivs of peas

Phenotypes and Genotypes
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| The Principle of Segregation: fa allele ﬁayj’tﬂug}'m:tmﬂaamnnﬁ'u‘m%d’mmm%”mmnﬁ
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from each other during the formation of gametes)
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unnett Square Method
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The Forked-Line Method

ﬁhybrid cross = Three monohybrid crosses

. LTJumwﬁuﬂmamﬁag}iﬁnwmmﬂng (phenotype) fiFwinfuaentinoin 1399 ufd
genotype Wlwiui homozygous (PP) #30 heterozygous (Pp)

. Tumtﬁﬁé’nmmmaﬁuqnﬁwﬁmeaamﬂué’ﬂﬁmzwiu 8193 genotype fuanG1ITY

. ifumstinduiilansy genotype WHFLTUGUAT ANy IR apInTIL genotype  UNTU @1
AaNTI (pp)
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ile of Probability
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. . Ay e “ 4w
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Principle of Independent Assortment 18RI aaﬂmma:g}mm‘mLLﬂnaanmnﬂﬂumu

§ G 5 A:I © L =1 [
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Dihybrid Crosses: The Principle of Independent Assortment

Yeliow, round Green, wrinkled
€ Each parental P & <
homozygote
produces one GG W 28 Wi
kind of gamate.

Gametes
-~
Yeliow, round
€ TheT hetero Fy

zygotes produce
four kings of
gamelas in
equal proporiions, GGametes

£2 Selifertization
of he F, haetero-
rypotes yields Tour
phanotypes
i a 9:3:3:1 ration.

Tﬁe Principle of Independent Assortment:

The alleles of different genes segregate, or as we sometimes say, assort, independently of
ach other.
- o A Ve = a ) =t o v s we g
winshinuiulaszdaiuues allele inuquansusnii gfzuoniullaglmradfuiug
d a 9 = o e e = =
% YyRr Waiimeaihi gamete M3 4 gluvy imadfuiuifiaseaaniv YR, Y, yR, ry luSanudn
w9 suda Ylisuudaaldin R wuesuas y Aldduiudadluiu r aws
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independent Assortment of Chromosomes

: P.Genoration |

©

" Fertilizatlon among the F, plants

Copyright © Pearsen Educallen, Ing., publishing as Benjamin Cuminings.

he Probability Method (Dihybrid Crosses)

Cross: AaBb X AaBb

Segregation
of A gene
A- (3/4) aa (1/4)
B-
Segregation (3/4)
of Bgene bb
(1/4}
Progeny:

Genotype frequency Phenotype Frequency

: 4 3 a r ar & a
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The Chi-sguare Test

o a Al o s dE
1ﬁﬂ®ﬁBUﬁNQ®§1%LW @@’J'lﬂ’]‘ﬂ‘l@ﬁ]’]ﬂﬂ’]'iﬂ@lﬂBdﬁﬂ@]ﬂaE}dﬂU@M&I“ﬂﬁ’]uﬂ@N\(Hﬁ‘iﬂ
~ between the predictions of hypothesis and actual data)

A Ao wilifuuendiu 2 axda
G

F, Phenolype On?sigggé E:E%%teerd
Red 62 {1/4) x 250 = 62.5
i@; Pink 13 (1/2)x 250 = 125
@ White __5";1 {1/4) x 250 =E§£
Total 250 250

Calculation of chisquare statistic to test for agreement between
abserved and expected numbers:

2 = {Observed - Expected)?
- Expected
. 162-6257  (131-1257 | (57-62.5?
62.5 125 62.5
= 0.776

Degrees of Freedom = Phenctypes - 1

Fable of Chi-Square (x*} 5% Critical Values®

Degrees of Freedom 5% Critical Value

1 3841
5.991

3 7.815
4 9.488
5 11070
6 12592
7 14.067
8 15507
9 16.919
) 18.307
15 24.996
20 31410
25 37.652
30 43.773

*Setected entries from R, A, Fisher and Yates, 1943, Sttistical Tables
Jor Biologieal, Agricudtural and BMedicel Research, Qliver and Boyd,
London,

lai(Testing the fit

L3 ] ' . [ TR U agr =
PINMINAFDIILAUIT @1 Chi-Square UaesnI Critical Value (5.991) 1 degree of
: . o & . Py o - =3 A = P el
freedom Lyinnu 2 uuLLﬂm'a'm’ﬁﬂ@aamL's’wamnﬁwﬂﬁmmmmﬂmwnaamﬂu PAGER

- A4 a £ o & o
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Non-Medelian Inheritance

complete Dominance

a y A f v da
o dennmyduiunvshisvusallasaswolududdl genotype uuy heterozygous
anju F2 lddamaaw 1:2 1 1

. P Generatlon

Codominance

1% Myl MN ‘Luﬂw‘ﬁamuquﬁwﬁu 1 dfa
LM = wylian M
L
LY = v MN

U

%R0 N

a

ultiple Alleles

e gene with mutiple alleles; IA, IB, i

Copyright £ Spmdon Daziafion, o, fulidhing ai Rirgiess, Cumsich

. a4 a £ - & .
104101 wdn%rinen 1/ a.a5. waqNns asuiign / WUFWNRAWRENTTY (Fundamental of Genetics)
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leiotropy

: = = : ax . . a < o 4

. BwdmilinadamIuaataannauaneme liuanuiadsniuedis 2 allele PaugunsEe
Hemoglobin vinldidalRanuasldarursnsvoendiauls Lﬁmﬁamm%aﬁﬁ'ﬂwm:ﬁﬂgﬂ
ral#ifialin sickie-cell anemia ural#iRaenisanag anan

Copyright £ Pearson Educalion, Ino,, patiisting as Benjsrin Summings,

Epistasis
: = o | o - ' A da o , od Aa vo
EJW]J%@]'ILL%%J%HJVL]J&FHR@]BTﬂ?LLE\T(ﬂdﬂﬂﬂﬂfadﬂ%ﬂﬂﬂ@]"l%ﬂ%o%%d ﬂ%ﬂﬂ?iﬂﬂ%ﬂﬂ?ﬂ?}ﬂﬁdﬁu

1 R & o Gt A - -
Iunulitindnsuenile {Two or more genes influence a trait)

Gene C P
Precursor — Intermediate — Anthocyanin
Genotype
C-; P- + + +
cc; P- + - ~
C- pp + + -

= -4 . e =
®  {yaseaEn (frait) Inadnumiuaaseanyasiu C uss P

! “ moa & o & o .
101 wn3¥inen 1/ 8.05. WasqnT aaudirgn / WUTTUNIIWRENSTN (Fundamental of Genetics) 15



pistasis

Walnut

o o s o . & . ,
104101 wing inwn 1/ e.07. Wadgns audiog / WUFIUNIWUDN TN (Fundamental of Genetics)

Female
gametes

[£23]

17 9]

Gametes

Purple
Cc Pp

White

fAale gametes

ce PP

Purple
Ce Pp

Sumnmary: 9/16 purple, 7/16 white

Pea

Sinale

Phenotype
Rose

Pea
Wainut
Single

Genotype
PPR_
P
P_R_

PRI

16



Wyandotte Bramha

P {rose) X {pea)
RR pp rr PP
Gametes '
Hybrid "~ Hybrid
Fl {walnut) X {wainut)
Rr Pp Rr Pp

Male gametes

Female
gametes

xﬁ e 5 e

Summary: 9/16 walnut, 3/16 rose, 3/16 pea, 1/16 single

Polygenic Inheritance
T d e v a el e e g o o P W
* ‘lﬁ‘ﬂn‘lﬂﬂ‘i&ngﬂﬂ?UQ&J@]‘)EJEJ%&HﬂﬂTmMGﬂ Lﬂuanwmm‘lummmmmﬂmum’muemmenu"lﬂ
CHERL TN (More than one genes affects one phenotype)
i =y o = 1 L =
ED E\TN’J’HENﬂ%QT!ﬂ'JUﬂ&JWJE?EJ%E]EJ'IG‘HBUM 3 "2;61 (A, B, C)
AABECC = very dark
aabbcc = very light

lan

H
BN R

Fraction of population

)

o = o o 4 aw
104101 winGing 1/ a.av. wanns Asulfran 7 AugwmaWusnasy (Fundamental of Genetics) 17



o a A A a
BNHALENWINTINN LNEINULINE

inked Gene: eye color

X Y
P
X
w wt w
Red-eyed fernale / \ White-eyed male
Fy X
we w w
Red-eyed female Red-eyed male
w* ' * w “ w
Red-eyed Red-ayed Redeyed White-eyed
femate female male mate

Figure 5.3 Morgan’s experiment studying the inheritance
of white eyes in Drosopftiie The transmission of the mutant
condition in association with sex suggested that the gene for
eye color swas present on the X chromosome but not on the
Y chromosome.

eferozygous (female) X Hemizygous (male)

{n) Cross between a heferozygous female and a hemizygous
mutant male.

o a & a & a
04101 winTa3nen 1/ a.93. wadani asuliznn / AUFTUMIWRINTIN {Fundamental of Genetics)



mozygous mutant {f} X Hemizygous wild type (m})
Homozy!

wild-type male.

Sex-linked Gene in Human

Hemophilia: X-linked mutation ( XhXh or XhY )

4
ﬁﬂgusw
o Reuss

1
Ouke
of Kent

3
Mary | ouise Dk ¢f
VICIong O Cobarg
Saxe-Loburg-anihia

1
Gusen Victoria Abert of Saxe CobwrpButha

fh)  Cross between a homozygous mutant female and a hemizygous

Hemophda

I::l Posshie hemoptitia
‘ Evident corfier
O Possible carier

g 1tj12 13
Cranng | Gzar
Mexandrs | Nichofaz
of Germany of Russia | of Fysoia
v 0000
a 7 8 ) § 10, 4l
Russian kmperial Family
vi
Prin‘é Fhip
Mounthalles
Vil

frinae
Charies

ioHE g4 15 16 37 18 1% 20
N
Spasish Roya! Famdly

.04101 [N P ﬂ“ & ar .
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sx-influenced Traits
e

o o =& | e - & e » . ' ar
L4 n"ﬁuﬂ@]\'}E)Elﬂ'].ﬁéaﬂi:}’mz"{i'\dW%qﬂ?i&]wuﬂEjfﬂ'ﬂQWﬁIﬂﬁﬁuﬂﬁLﬂuUuL@“ﬁ%ﬂﬂuﬂaum’i-ﬂﬂ%‘l%
2 o d v e . , e o w
iWﬂFjLLﬂ:LWﬂINU ’INE}ﬂﬂ?uﬂu@?ﬂﬂ%ﬂagquﬂ?EuImNiqﬂn'TEJL’ﬂ% ﬁﬂymzﬁ?ﬂqu‘iuﬂ%

genotype :gﬁ'm ;Eﬂm:d
BB AU TOL N
Bb IR Uné
bb 1Ung Und

hé Fragile X Syndrome

xpansion of repeats sequence on X chromosome

Normal X ; : :
chromosome ’ ?
Repeated DNA FMR] gene

| |

¥ Y
Fragils X
chromosome Expanded repaats

- Centromere Telomere—

(c)

Figure 3.12  The fragile X chromosome. (2) A female (left)
showing the fragite X and a normal X chromosome, and a
male (right) showing the fragile X and a normal Y chromo-
some. (0} A pedigree showing the inheritance of the fragile
X syndrome. The asymptomatic male 1I-1 is a carrier, indi-
cating that the condition has incomplete penetrance. (¢}
Molecular basis of the fragile X syndrome. The mutation in
the fragile X chromosome is due to an expansion of a region
of repeats in the DNA flanking the FMRT gene. Chemical
madification of the DNA around these repeats adversely af-
fects the expression of the FMRT gene.

IR £ = Fe -
1 wdnGaAne 1/ o.av. wolknnd asulizan / #ugumaiunass (Fundamental of Geneics) 20




Capn ghlﬂ Panmen Eddmion.

(a' ot sluneuonolf homo!ogous

ple-anq as !!ﬂdmm {:ummnou

6.1
ploltiy Resulting from Nondiajunction in Human Beings
Estimited
Chromosome Clinicad Fregquency
Fye Formula Syndrome Al Birth Plvietype
: 2n+1 Down 1/700 Short, broad hands with palmar crease, short
stature, hyperflexibility of joints, mental retar-
dation, broad head with round face, open
mouth with large tongue, epicanthal fold.
2n+l Patau 1/20,000 Mental deficiency and deafness, minor muscle
seizures, cleft lip and/or palate, cardiac anom-
alies, posterior heel prominence.
2n+] Edward 1/8000 Coengenital matformation of many organs, low-
set, malformed ears, receding mandible, small
mouth and nose with general elfin appearance,
mental deficiency, horseshoe or double kidney,
short sternum, 90 percent die within first six
months after birth,
2n-1 Turner 172500 ferale births Female with retarded sexual developnient,
usually sterile, short stature, webbing of skin in
neck region, cardiovascular abinormalities,
hearing impairment.
: 2041 Klinefelter 1/300 male births Male, subfertile with small testes, developed
Xy 2o+ breasts, feminine-pitched veice, long limbs,
Y 242 knack knees.
Xy 2143
KXY 2n+4
241 Triplo-X 1/700 Female with usnally normal genitalia and Em-

ited fertility, slight mental retardation.

i v o a & ar e o
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nsmiadan (Nucleic Acids)

=) [y =
® 3 2 TUA A

aadlalng {Nucleotide)

sznauaay 3§ Ao

glu DNA

2. Nitrogen bases : 2 16
2.1 Purine § 2 rings
2.2 Pyrimidine § 1 ring

3. Phosphate group

AIWUDY glycosidic
Nucleoside

Sugar + Nifrogen Base

I3 g
29AU3ENaUNISLARVaIEHK (Chemical composition of Genes)

® g13U5enay polymer vad fadlatng (Nucleotide)
® wianiaugan Nucleotides danwduans Polynucleotide

o fuuszinuvaadoys / anwzugnssy uinformational polymer

O DNA : Deoxyribonucleic acid
C RNA : Ribonucleic acid

1. Pentose : 5 carbon atoms ¥ 2 796 Ad

o4 ' o o \ o af
1.1 Ribose 49iiny OH Aiduniianiuaua’n 2 wuldlu RNA
:é =1 3 1 |l=lI a 3 G {
1.2 Deoxyribose T9i H udilaifl O agfidumibiniuaudan 2 wy

WA (pentose sugar) AUNY nitrogen base 138131 Nucleoside

Nucleoside

T

Base - sugar — phosphdte
. J

v
Mucleotide
or
Nucleoside monophosphate

NH;
% ; Bastcanbe adeaine
5 s<’ 2 J (és shiown) ot guanine,
HO—CHz 0, Ny~ N7 2
@ v 3
Sugar een be f-p-ribose B-N-Glycosidic link

{&s shown) or 3¢
B-o-2-demeyriboye. HO OH

)
4
5 M
s/kgr’
5 6{_ }k
1 N0

B-o-Glyeosidie link

Basé it be vracit {as shiown),
cylosing, or hyming.

Sugir can be f-D-riboss

{»s sown).or
B-0-2-degxyribose. "o OH

4 101 wANTAANEN 1/ 8, aTWINONT asulTnn / asddsznaumaeiiuadiu 1




Nitrogen bases

Jusnsdsznauuuyuad (heterocyclic compound) 4 2 wiia fa

} Purine : nitrogen base #%a 2 29 Ysznaularasunin 6 ERTIG LY
ARLIIURI 5 KA

e gur Adenine

® 8% Guanine

o nulanalu DNA waz RNA

NH5 O
o} 6 '
</ NN </N | NH
) i " o
4 N NH
Sugar ,.// H N3 H N
attaches Adenine (A) Guanine (GQ)
here
Purines
(bases)

) Pyrimidine : nitrogen base 7 1 24, 6 LRRN
o ‘ldur Cytosine,

® Thymine Ssnuianizls DNA weli RNA 22wy Uracil unw

b “”)5 'CH}

I
Sugar/ H
attaches Cytosine (C) Uramj {9)] 'I‘h‘ymme. (T)
here Pyrimidines

(bases)

™ o = = = o
04 101 wan®7inen 1/ 2. aswnadgnt asulisan / esddsznaumuafivasiia 2



NHa 0
HOCHL H  noey OH 4
< g Y Ay Y
20)\1‘11 -] OJ\N OJ\N
Sugar/ H B H
OH OH OH sitaches Cylozine () Uractl (1) Thymine (D
B-n-Ribofuranose  Z-Deoxy-B-n- here Pyrimidines
ribofuranose (bases)
7 Ny AU,GCorT
& 5 Nyyf| AU G Cor
N3 -
s¢ N1 g " O 0. o poiyeosiic
ij 2 A\ & tink (hydratyzable}
e N4 N” NH;
Sugar " H 3 H
altrchas Adenine (A) Guanine () [
here HO Hor OR
Purines
(bases) Nucleeside
Heter link Anhydride links (hydrolyzable)
ﬁ/(hyd:olmble} Base O) / o & oyubn
~0—P~0—CH, g | il i
| ~0— ——o——p~0~—§)—-o——
-Q (J_,
- - A
HO HorOH
5'-Nucleotide \ .
{nuclenside monophesphate) §'-Nucleoside triphosphate
0 Basg
I N/ 5" end
—0“’}') —0—-CH3 0
_0
Cl} Hor OH Base
O==P—0—CH; .
| Tetranneleotide
-0
¢] HorOH Base:
/——b i N/
" O*P”O“CH: 0
3, 5'-phosphediester i ;
link {irydrolyzable) _0O
O Hor OH Base
O=1|’—O-—CH2 o
0 3'end
OH HorOH
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{ & linkage &' linkage |

]
phosphodiester bond

1 3 finkage B linkags |
T
phosphodiester bend

DNA vanuabuasd vie wasidia Sailu WUINTIY W38 Genome

'O DNA 1%%@5%3%@ (Eukaryotic cell) &ausnnaglu Nucleus ludnsmuzsns
- dsFewihwiwdegnilauazilugi g asugniaiosdimbonSon
Snwmuiin bead-on-string

‘0 DNA MwagnulsdunmpriiafisnermadumeFunia Chromatin

O Chromatin Avasunuividuwedilug Sunin Chromosome

150138967109 Chromosome § 3 5EaL

Nucleosome: {ie9N supercoiled DNA wWisay wnulls@u Histone 4 wias
AWr H2a, H2b, H3 waz H4 anwmsdudalTun nucleosome Lé’uﬂhﬂuﬁﬂma

0 nm 1ifln interphase chromatin fiber

04101 wan@inen 1/ 0. anwadont asudiogn / osddsznaumaiadivaiiv 4



anane DNA

599719 (scaffold) laid

# metaphase chromosome

Srokaryote Chromosome : L1 Circular

':EO-nm nucleosome fiber: Lﬁ@l'«iﬂﬂﬂ’l‘a‘ﬁ@ﬁﬂﬁ%anﬁiﬁuﬁuﬂad 10-nm

cleosome fiber “lﬁtﬂmﬁwlfma 30-nm a4 chromatin fiber I(ﬂszl Histone H1

30-nm chromatin fiber: Lﬁ@ﬁ]’mm‘i‘uﬂLLﬁxi‘f"vaﬂmIm;ﬁ Non-histone 1Iju

{a; Circular, unfolded
chromosame

RNA cleaved

{b) Folded chromosome,
actually 40 to 50 boops

(v} Supercoiled,

Nick
[olded chromosome i

1) Partially uncoiled ‘

chromopsome

Partial
DNase
reaction

J RiNase
] reaction

ukaryote Chromosome : LU Linear

V7Y

ONA double helix
(2 ne in dismeter)

BNA M3 histone
Nuclepsome
Sore particle Histones

(8 subunits)

MNuclepzome filarneat
(EG nine Iy diamneter)

30 o fiber

Lopped domains

Metaphase
chramoseme
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DNA (Deoxyribonucleic Acid)

. O Polynucleotide 8189

O Pentose iluriia 2’-Deoxyribose ﬁ carbon atom ‘}7; 2 l4d Oxygen
group (O)

O Phosphate (PO, ) Soidausewing deoxyribose 2 iy

O Nitrogen bases Bafianu deoxyribose § 4 fia fo

syrimidine Bases Purine Bases Base Pairing
ymine (T) Adenine (A) T = A

Sytosine (C) Guanine (G) C G

yaAdaN (Complementary Bases)

Opposite polarity of the two strands Hydrogen bonding in A-T and G-C base pairs

5' 3:

Flgure 2-11 Printiples of Genatits, 4fe
2006 Sohn Wiley & Song

O 2 polynucleotides 3 WML unzBafniudewus:lalasion lag
sy 5" AURAUNLURE 3' %I29UNULLY antiparallel

o awaluianaves bases lunga purine usz pyrimidine 'laivinniu
dlasuiuvinliany nucleotides failwndsnywisun Gond
B-form Gawuria W lwesas

o lu 1 1n@za DNA thiasasswialngl (major groove) Lag To92MaLEN

(minor groove)

4101 wanBinen 1/ 8. as.wedqnt asudign 7 asdusznaumaniivasiy 6



O DNA vutilasamzuSnmaugumIthnuues genes
(promoter) wudniigius C-G snnufivan lkinfumyuioudio
A & 9 = !
O DNA fnaginywisutiy (undt Z-form

DNA Ju UulewnRoade 35° BYWALUIN (right handed) IAu
N34 2 nm

O N-base AITEUWIITIH 0.34 nm AIANAUUNUYBS DNA, 1 INAEA 617
3.4 nm

O VauuANTBILNALT fe Sugar-phosphate backbone

o duinle fe Nitrogen bases %ﬂ%ﬂtﬂ%@lL%W’!:

O Purine 3UNU Pyrimidine

O Adenine (A) 3UAU Thymine (T) @28 2 Hydrogen
bonds

O Guanine (G) 9UNY Cytosine (C) f28 3 Hydrogen bonds

L Y n“ Gt
04 101 wanT¥inen 1/ a. anwadgnd asudSwan 7 asdusznaumaaiivasfiu 7



Figure 9-10 Principles of Genetics, /e
© 2006 John Wiley & Sons

NA IuaIwusnIsa

O Gene w'%améwﬁugmm fn §1% (segment) witsuas DNA
Fanua

O ﬁﬁwﬁagaﬁmiﬁmﬁamﬁ:ﬁ RNA %38 polypeptides (protein)
BN ifmﬁg\?ﬁmmuqumiﬁwmmaa gene @8l

O DNA #I%aIUANNIIN%B9 gene %:“laiﬁw‘lﬂl,ﬂuﬁagauu RNA
W38 polypeptides uatua1un89 gene UAT genome U DNA

O DNA lu chromosome Usznaudinfauuas genes wazin
mumﬂﬁvl,;ié’%ﬁﬁﬁ

O Genes Va4au & ~ 35,000 genes

O il ~ 5 % Va9 genome IR

4101 panT1Inen 1/ 2. aswisgnd esudiran / asddsznoumaaiivodu 8



ene (Function Segment / Unit of DNA)

(a) A gene is a segment of a DNA malecule

(b) The biolegical infermation is carried by
just one pelynucieotide

A gene

54 \ 31
Tempiate strand

{c) Genes may lie on differant polynucleotides

PEE—. ——

Ge|ne Ge”ne

o

Intergenic or
‘spacer” DNA

Winfiwas DNA / Gene

e DNA 1undnuuiumsiindnuiuaas DNA Tumsudasasiiydiuiu
LIAA LIHANTZUIWNTIIN DNA Replication

= : ° o o A = \ w
® DNA (HUuibUUEBITUNNTRILATIEY RNA Gﬁaf,ﬂummaﬂmwas&a
ﬁugnsmm‘lﬁ’a glugﬂmm RNA N351%nIHL58n37 Transcription

® DNA \ugimuaziiazas amino acid lumssuasedlusin Taorm
@ e = 1 Q-
NITRERUENTINDI0L U RNA (MRNA)  NI2U3umMIsIe Tz

lis@wS9n37 Translation

msfigatin DNA illwsnsiinsnssy

1928 F. Griffith : (3un31 Griffith Experiment

L 1‘1?1‘%@LLUﬂﬁﬁﬁﬁﬁaIiﬂﬂa@u’m Streptococcus pneumoniae
® MuRUEAITLY S (smooth) i1l wy (Dutleauiuae

* wanmasBamoWus 8 daanuioun (Fane) wadseansawduu
Gt (=) nl [N G [T Qs
LR EENUEAIY3Y5E R (rough T laivilideauan) Tiilumenus s
flinuae el

04 101 WNEYINEN 1/ 0. an.nBnNs asudiTan / asdsznaumaaluadu 9



® w51z DNA annwras S i laew genotype W&z phenotype U84
as R 1¥nanedlu S
. L%Uﬂﬂiﬂﬂgniiﬁi{iﬁ Transformation
1944 Avery :

=

olF DNA U3gnd
o '’ =5 ¢ w ¢ LR & o g
®§Na DNA U3gndatniaadatowud S lalmsﬁaama:wug R
1 @ 5 ar g r=1 & Qs [
*1lnngin anwaeIed [waRaEWUE R ugasaaniniion SLEEQHIITES

e uaaainasnanul (Transforming agent) fa DNA

1952 Hershey & Chase : Hershey-Chase Experiment
ol5i3ala5w Bacteriophage T2 %daﬂﬁuaglu E. coli luad &
® 5119 Bacteriophage T2 luamsfiflanssid 2P uaz °s
o P gmiuGinaain DNA uas s fsudaasinlisin

. 4d = . a @
w71 DNA @aiiluununansnulu Bacteriophage T2 gniiaaainday
32

P
' w 4 = ) ' a o 35
e ufanuanlusduveshiadaniu protein "lug]nﬂ@amﬂmn S

=, S § =, s :J 1 kY ¥ Qs
Oaga.l : wgmﬂmﬂ DNA Lﬂnaﬁwugnﬁmmmmmammzmmsméﬂ,@

RNA
- RNA 1% Genetic Material 284 virus UN9ba

1957 Fraenkel-Conrat Uas Agse @N1 Tobacco Mosaic Virus (TMV)

e TMV & RNA 1 luiana uazilfen protein Fouanananuududane
Wugpas TMV
1) Wen RNA L& protein 2839 TMV type A WLRe type B
2) uanlnduazaauszning RNA uas protein 17
O RNA type A + protein B --> ?
O RNA type B + protein A --> ?
® RNA type A + protein B --> l& TMV type A
= RNA type B + protein A —> & TMV type B

o a o o
04 101 waNTYINe 1/ 8. ev.wegnt esudlSgn / asdthsznaumaniivestiv 10



wilsznauuas RNA

e RNA asa DNA faiilu polynucleotide uLfien

e sulsznauasmuvay DNA fa Usznau@as Phosphate group, Ribose

Az Nitrogen bases.
® RNA ¢13937n DNA &a
" hanaudu Ribose
®  Base Uracil (U) unw Thymine (T)
® RNA nafsana nLuLuy DNA

Wd e Qe B
® RNA %Gﬂ\?‘]f}ﬁﬁ\? ?JB}&QW%IE?‘ITSN“EEN DNA 613LLu 1

o Judnans (intermediary) ﬁ?“ﬁagamn DNA 1uUfi9Ribosomes &a1ludl

FILATIEH protein

® mRNA &4 prokaryotic cells It8s eukaryotic cells

® pilawn

O H&19U84 nucleotides ﬁtﬂ%ﬁa;&aﬁ'}é’a lugduny veevia
WHTNTTY

O witsswaUsznaudie 3 bases 138n37 Triplet code W38 Codon &4
Aanumanoiy 1 amino acid

® N

o fuaw 2 919 uaz

O prokaryote 2193 > 1 genes &% eukaryote 51 gene

rokaryotic mRNA

; Coding segment \ Termination signai
| AAUARA
L“Y‘—J L "V /
Leader Trailer
Start codon Stop codon

o s o & o =
104 101 nandinen 1/ 2. e wesgnt asudioan / asdtsznaumaiaiivesiin 11



FEukaryotic mRNA

[ Coding segiment \ Termination signal
C-C--0_ ASUAAA
et \ M
5 Cap Leader Trailer Poly(A) tail
Start codon Stop codon

-Eukaryotic mRNA

® Capping : Uany 5 vad leader N 7- methylguanosine Sanin Cap S}
funial ribosome JuLNaSNMIFIATIZRLUSAY (Translation)

® Tailing : Uane 3’ Ly base A ~ 100 - 200 nucleotides 1580731 Poly-A
dmiuilasiunisgndaslu cytoplasm

o mRNA Alidaiulivssawdusia (Exon) uaz Witdlusiwa (Intron)

® Intron pnAABaN Uaz Exon daiilu mRNA 1@l

Prokaryotic mRNA

o (Humupznivassa Codons darfiaslanlifl bases Ang ldfdos
TaIINIE
o lu mRNA s
O 2RALNEN 1 gene --> 1 single gene = one gene one protein

(San71 Monocistronic

O aeiluINnit 1 genes > ﬁ‘]%ﬂé}:&l‘ﬂamﬂw genes 75 codons 19
WAy proteins (3EN Polycistronic
o Tnufl bases Alaidlu codon & BEIzWIN genes i 1% mRNA #
O 5 Leader Wi#l capping
O 3 trailer 148 poly (A) tail = 1flw poly (A)-
Transfer RNA (tRNA)

® gemndud 817 Uzt 74-95 bases WuITuad (loop) ¥l e
lawsmadlugilsaainys (bootike structure) wialulaaiias (clover
leaf)

® {RNA ¥
o os as . . a A
O WIUFIWIUIY amino acid tawizsie Nilaiy 3

104 101 wand29men 1/ 2. as.wedont asulag / asddszneumataiivasin 12



O upntaudlaaan (Anticodon arm) il 3 bases 13691 Anticodon
U ldwadny codon Uu mRNA

® tRNA Yhmifiiilu @308 (adapter) W3e fuia (interpreter) uia sia
codon Ui mRNA lhanumaneiiu amino acid lunissaasesilysain
{Translation)

Ribosomal RNA (rRNA)

® 1ils RNA mwiae) udiiieduauduwig (loop) wninsiuaznans1ma
® RNA wazrwIaTINnU LAY (Ribosomal proteins) nanetlu Ribosome

® Ribosome 183 prokaryotic cells Uas eukaryotic cells Usznauaig 2
wiegas uaaznizwe Wi

104 101 anFIngn 1/ 8. LnesgnT asudSTen / ssdtlsznaumataiinasiiv 13



Ribosome

sznaveng 2 Wiy uazudszriindsznaueas rRNA waz ribosomal proteins

Prokaryetic ribosome Eukarystic [mamnwafizn} ribosome
; . 7 ; 49 dbosomal ¥R ioF5,. 33 ribosomal
S1rbgsomal ik . pede 21 riDoscmal proteins | SRR ‘l‘;‘;{ﬁgg proteins
o .

feins  Peb e S protein
pro Peo sy revis protens

e
-, ﬂyt'r"

165
TRIVA
e
W, subunit
20nm
708 ribosome 24 nm

808 ribusome

. Small Nuclear RNA (snRNA)

® snRNA vhwihfdaune protein wanlad Buni Telu'lesd (ibozyme)
§IUGadLEIn bases 189 RNA ﬁvlailcﬁsﬁaﬁugmw vielildmuds
Bundn Intron 88N WAz A0 THEI bases ﬁnﬂmﬁ'ﬁﬁuqﬂﬁw%alﬁmu &9
3onn Exon wheefn vld RNA Asnansildlnidnandu RNA udy
T ugsiamzilusaule e A transeript (pre-mANA)

Int.run Exan 2
RNA Splicing

AIAA Introns aan LAT $ia Exons

AN WAE SNRNA

Splicessoms ‘/ \5

components

Excigsed
intron

©

Cepyright © Pearson £
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Amino Acids

Hunholassasrenasldséiv - Building blocks of Protein
T - 8w € 1 & A
wudadiedenlsfiudmanlaimibolnfiga (monomer) Tu
nszUAuNsHasfleae amino acids

. . .,
Amino acids Usznauauwaie Carbon, Hydrogen, Oxygen, Was

Nitrogen.

e

nsnazfilu fassuszneudifl nduazfilu (amino group -NH2) uas
ﬂﬁjum%ﬁﬁm%a (carboxyl -COOH)
& a = 3 @ = AN )
gefadl m‘ma%mﬁuﬁmﬂﬂmwaam@amh mua:mam‘lmmqa a
1 ‘=I | 2 e~ Y - [

4 s ldmilaunulinfined de

O 1) Amino group )

¢ 2) Carboxy group

O 3) Hydrogen atom

O 4) ﬂ@}lﬁlﬂ?}ﬂﬂé’ W30 R group

. . « a A A o d A
® Amino acid Lﬁumﬁ‘ﬂi:ﬂaum@mmﬂmmwugnﬁu 593 common

amino acids NINNS 20 Tia 97N amino acids MATIINTIG 80 TH

& 3

® 20 common amino acids Nitdudamaadguasriinuatau 1w

& A
O dussralszan
o Wugimdyenavuasgasiun uazian oy

O BANWTUURLINEIDIDIE

a = o € & ar & &2 -l
104 101 wanTIneN 1/ 8, AL WIBOND ﬂiU‘ijTﬁﬂJ‘ﬂ { s UTznaunAdedbu 15



A5auun (classification) Amino Acids

:'1. Fuun lag Qmauﬁ'ﬁmamﬁmaa R groups
1.1 Nonplolar amino acids
1.2 Polar amino acids
1.3 Electrical charged amino acids
2. 3wun lay mIndalusemovesdad lowsa bl
2.1 Essential amino acids
2.2 Nonessential amino acids
1. #wwn log auaniifinisiaiiaas R groups
fﬁ':'l,ﬁ' amino acids uaazshafifnwuzianzal 20 sia
udain 3 ndulng .
1.1 Nonpolar amino acids : R group 1% nonpolar side
chains Tairaiusin (1% methionine)
1.2 Polar amino acids : R group Ll polar side chains imﬁ'uﬁﬂﬁ (L%
tyrosine)
1.3 Electrical charged : R group uanaatiln Saound Py
1) Acidic amino acids : R group Lﬂuﬂi:i\qaﬂ (-) wa

2) Basic amino acids : R group Lﬂuﬂizq (+)

Copyright & fnc., ¢

o o = a =
104 101 nANTHANL 1/ 2. anwddgnd asulian / ssddsznaumaeiivesin 16



2.1 Essentail Aamino Aacids : nsaazRluNdulw

® Amino acids Aismeldmunsandalatas thasih luudallsfu
sndludasindnlapeimnslustunfimwdly usrdasldianaaiin
=1 A = = L7 L U L} =,
nraozile Sufalunmaduaims memgp:um&agm‘imim@l

b ﬁﬁg\m&ﬂ 10 essential amino acids fa
Phenylalanine Valine Tryptophan
Threonine Isoleucine Methionine
Histidine Leucine Lysine
(Histidine ]34 semi-essential S1smuaa ldasmaanaly)

2.2 Nonessential Amino Acids : nsaazdiluf a1l

® Amino acids NTHMUFINIIONEA LALad 12 @9

Arginine Alanine Asparagine
Aspartic acid Cysteine Glutamine Glutamic
acid Glycine Proline Serine Tyrosine

carnitine (Mlunssn lalglumsuda Tusdn)
Tuls@u (Protein): ta5asiiaszavlaanavesisas
o (Humesnin wdadr anudag s

[ g; s & & d r?.:
® NI 50 % YadUIRUnUITeItTas waztilwaSasdaiNauninue

IFINTAG

a & A‘ o =
104 101 nandrinen 1/ 0. as.widgns esudSogn / asidsznaumaniivesin 17



e
1. lils@ulassaths
_ (structural protein)
2. Tisfudnsas

~ (ovalbumin)
(storage protein)

3. lilsfiuanss
(transport protein)
4, Tus@naaslum
(hormonal protein)
5. ls@uariu
(receptor protein)

6. lusGutiana le
{contractile protein)
7. Tus@uilasny
(defense protein)

8. luls@utaw Lol

{enzymatic protein)}

Fruwnlusan lag wian

= o I 1 = L ]
o lisfiusnfudamaadguaziamimsvasiname

b

Hitt

5.

Imaﬁ%’wam:ﬁwqu
(support)
#1389 nsnezilu

(storage of amino acids)
wmmiﬁw] -
(transport other substances)
Uszaufansy
(coordination)
faUakaddarIIall
(response 68 chemicals)
Lﬂgﬂu'ﬁ
(movement)
flosnudaglse
{protection}
Ll nsenad

(acceleration)

Qmé‘nvmzﬁ’ﬂﬁwaa{ﬂiﬁ%

LN UE TG

Tne (polypeptide)

P
e lLlsdwiumstsznanlniiwed (polymer) Allassafaluana uaz
v oo ; [ & a P
PUNRRINARLUANFNNBAIN NI L UAULERINTIN %

a1

F9lny 1 18w
laja1n

Wi (casein)

Fulnatin
DUGTAL
Ll

Qe Qe ‘:I &
AITULULEBLTAR

v
ARNLILE
LR W
(antibody)

& 3
RGN
AP

& A \ . . o
1. ﬁizﬂamiuﬂ’mﬂi@asﬂn > 50 W38 97N common amino acids Ltz 20 A2

® Amino acids > 11 wisdanuiumeslndiwase Sondt lwady
. e - 9 & [y Aad
o Tus@uarafl 1-2 polypeptides WudunSavasau ulaseats 3 867
. . o ﬁ%} (7] [ = Qr Q@ =S
® Amino acids 20 92% saInsagTalwlUsanldnanswusie

v & A & a a
104 101 wanTIINL1 1/ a. ﬂinﬁi}’ﬂﬁ ﬂsnﬁi‘ﬂﬂ]“—] / m@‘fﬂ?:ﬂﬁﬂ‘ﬂ’}dmmjmﬁu 18



s . . y ae o ' I . 4 @ as
2. 3¥WIN 2 amino acids danudisnuszilying (peptide bond) Faflunwuse
lanaud (covalence)

® peptide bond #aEWIN ﬂ%jsdm{ﬁaﬂ%a (carboxyl group) TaINTAA

J o ] [ . O A
WWINL mg&la:ﬂ‘u, (amino group) 289NTADNAINIL

R R’
NI N
N N
"NH, o~ +NH3 O

Peptide bond

danaawniezasaralisfudailn darsaziilu (N-terminal) uazdndaiy

I 4 .
u dansarstanda(C-terminal) -
+ C-Termisad
}lﬁ'}:! aming 2cid
residue
? Internat aming ?Hz
C—0- =eid residues CHa
N-Terminul amine | -
acid residue CH; CH; CH, OH Cg:H2
// H l t? H (lm # H I // H ;
N-Terminal H——\C—(‘ e \c ™ N C-Terminsl
(free a-amino group) /\ / ,v\ - / /\ / \0 (free a-carboxyl group)
3
H H H H
1 2 3 4 5

3. Tusduunerfiaonafisulsznavanilils Wulng deSandn naulusmadn
(prosthetic group)
Tus@udsznniisadn lWsGuagnedire (simple protein)
* mwﬁcﬂﬁmsﬁuﬁ‘hﬂmﬂﬂwﬁagﬁm aaudu TUsAuaudan (complex
W38 conjugated protein) t3% - Nucleoprotein
- Glycoprotein
- Lipoprotein
4. wihamsinawealdsin Tuiuanuiunzeadlasiaie 3 38 (specific
conformation) %M‘ﬁ@%’m 1 wIaanni 1 polypeptideﬁ
® fq (twist)
® WUy (fold) Wi
® a1 (coil)

o A
° ’Lmﬂﬂmaqaﬂﬁgﬂmm:

104 101 WANBFINEY 1/ 8. as.wesgn asudiTgn / osddsznsumaniivasiiv 19




® 51519 3 Ffazgnimualagsran (sequence) 189 amino acid F981uun
las@nldnasuuy
m331unnlyséin : Protein Classification

unnlysfin mnginss : 2 zile

1) Fibrous proteins : polypeptide chains (SudNWYWAURIOLTIwIHWENT (T
collagen 18w, Léuuu

2) Globular proteins : polypeptide chains WU 3auiUiw AN T UNTINa

(sphere %38 globular) LB tawlas

o drunnliséiv aa nanansiedidndsznauau (prosthetic

group)
Protein " Prosthetic Group
Nucleoprotein Nucleic acid
Lipoprotein Lipid
Glycoprotein Carbohydrate
Metalloprotein Metal ion
Hemoprotein Heme
Phosphoprotein Phosphate

o Qe 1 [+ as
o Juwn lsan anuszauvadlaseasts uuvlatin 4 szau

»  Primary structure Tassadaszauf 1
. Secondary structure Tavesraszaiud 2
« Tertiary structure Iﬂidﬂ%”m’i:ﬁuﬁ 3
*  Quaternary structure Tassaereaud 4

1) Primary Structure :Iﬂ‘iéﬂ%’lﬁzﬁnﬁlﬂﬁd
® §1AY (sequence) UaY amino acid WY polypeptide TaslLlTAn
® §16UVaI amino acids &N 1 Insulin
® JanusuNUFlauaTINUMGLY8Y nucleotides 11 DNA

« insulin wuldsfusiausnfinidrauras amino acids e

4 o o Q“ ar a
104 101 WANTIINEN 1/ 8. T wdgnd asudign / sadszneumaniivasin 20




- WUTENaUAY polypeptide 2 &8 @B
. 8% A(a)i 21 amino acids %Az
« &% B(b)3i 30 amino acids
. uglaz&ufa primary structure
o lusdufivmihimdauiuwludslidiariiadw o
® Sunin Homologous proteins 1% hemoglobin
O uUn@anuenuadany polypeptide iiwIatiauLvinnu
O &9 amino acids Tunansdunsanilendu wialdniauiu

® auniansaddial amino acid sequence (3871 Sequence homology
o v e oA o o : a .
Fegnusnuanfisewinfianmediawinissinnu (common evolutionary

-

origin)

® YpsFiliFiandldsfiunng
2) Secondary Structure : Tassasreszauiniand

ar o Qs

o lassaine 3 §@ N &# polypeptides ﬁ'ﬂatﬁmﬁasﬁ@nu HINwTe
Wlaany
o ld7ing luindie (helix) wiauduwiindudy (beta sheet) 1w
O Keratin TuRI%h 1§ N IULLSJGQN 3 polypeptides i1 b sheets
O Collagen luiindandaiflatsznaviiudie 3 polypeptide WUl
helix

O Elastin 1%&5%5@?1?:@:} 4 polypeptides, LUl helix

o

R
% . Hydrogen =5 e
@3@ hands. \\:f

£ Pleatod shaat

104 101 wanFa3nen 1/ 0. TW¥gNT avudiTen / asdidsznaumaiaiivesiin 21



3) Tertiary Structure : Iﬂ“a‘éﬂ%’lﬂi:ﬁuﬁa’m
® Polypeptide aeLien 1 a helix uaz b sheet Ale Woshwlwidunss
NN (globular structure) @28 covalent bond (disulfide bridges -S-S-)
L%
" Myoglobin lumadndanita
® Cytochrome ¢ luszuuvislassauianad

" Lysosyme luldamuazinanuasnn
e MlMFanwsTINT&le dapauTan wie pH luwanzay ww U7
f AUFNUE
o yurfiamanTnanannsssumaiale aasanudun uaz pH i

ey

Hydrophobic interactions
(clustering of hydrephoble
groups away from water)
and van der Waals

- interactians

Polypeptide

backbone

—
CHy—CH,—CH,— CH,~NELZ0.C—CH

fonic bond

gt O Pagerin Fciwzion, 0. putsing a3 Bariamin Cursings.

1
=%

4) Quaternary structure : las9a3195za U

o Tis@ufidl 2 polypeptide chains 131U enawilonnielindants oy
srotmdulasess 3 38 swelngussinthiidudau Tassasrefiia
1N
(1) noncovalent bonding (hydrophobic force)

(2) electrostatic bonding
(3) hydrogen bonding LLaz

o
(4) Tu58u%a wruiwaseu (chaperone protein)

e L) ﬂr ar
104 101 wand1inen 1/ a. an.wasgnd asuliTgn / psddsznaumainiivasiin 22




® |7TU enzymes RRNETHA b NTZUIUANT metabolism VAILTAS UaT

Hemoglobin luirasidalRan

(a) Collagen {b} Hemogfébin
Copyright © Pasron Eucation, Int,. pusishing s3 Berjatmin Cumimiag.

Protein Structure 119 4 5zAU

structure

o Helix
{b} Secondary structure

{c) Tertiary structure

{d) Quaternary structure
Copyright © Pearson Education, inc., publishing as Benfamin Cummings.
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sﬁaﬁuqnﬁmmzwﬁﬁﬁwaaﬁu (Genetic Code and Gene Function)

ntral Dogma of Molecutar Biology
mahewaeskugnIsdunisiny wie iwlaumsinanaadoyaiugnssu (Transfer of Genetic Information)

27N Nucleic acid (DNA) 1183 Nucleic acid (RNA) Waz

27N Nucleic acid {RNA) lgis Protein (product of gene)

Fafluamnuetsluszaulaans (Sundi Central Dogma of Molecular Biology

YpasNugNTIN

SHTUIBINLINT I W3D M3 inauaatayaNUENTTY (genetic information) fNTUIUNIINAD 3 NITUIUMT AB
1. Replication : #ta7T1zH DNA

2. Transcription : &ILATIZR RNA

3. Translation #5129 Protein

£31A5712% DNA (DNA Replication)

WiByY (template) fa DNA wsiazane (strand) Pa9¢)

A e '
DNA mugnﬂ‘lmmﬁaumuumqﬂﬂ'szn’ﬁ

MIFaLATIEY DNA §§ 3 models -
1. LLUUEJ%«&‘S"TH; Conservative replication

o a .
2. Ltuummpnﬁ Semiconservative replication

3. LUUNTZIANTZAN8 Dispersive replication

Parent
cell

First _
repfication

Second
replication -

Copyright € Paarson Education, Inc., publishing as Benjamin Cummings.

o ] o . . I
NdsiaTzH DNA LLuun\?a‘t’qﬁﬂﬁ Semiconservative Replication
. o o . N . . A L3 S o .
. mtﬂﬂ:ﬁl,mummpnﬁ (Semiconservative replication) TIRANAAINURIAAIIUDET Watson-Crick A8 duplex
3 [ 13 . G ;3’ ¥ B .
DNA mugndlmaitiumurauszwitapolynucleotide FaFIaTIRIning (daughter) 1 818 AU polynucleotide

. 4 = .
fuu (template) Serduansiin 1 &

o~ 4 a £ . o o .
14101 wéndine 1/ 091 wdnnd aTwliran !wawmjnﬁuLm:m*smmwmﬁu 1



P : o f P ' '
+ DNA 2 mugn Liluanog (duplex) Faluudas daughter duplex § DNA aalnal 1 &g uaz DNA maria 1
A a '
segniluspusinuy (template)

scontinuous Replication
WUy 2 &g GuHumMT replication @i
das ., I o o . -

Template Nifie 3 —> 5" anfiam IR NzAluUdaiie {Continuous replication)
a 1 1 .
FUNFBUNULVLIN Leading template

o ol e . s a 2 I3 vaoA . . . .
emplate ViV1#1 5" --> 3 szfimnsdemsduuy lidedfias {Discontinuous replication)
Funanguduuudn Lagging template

DNA polymerase
DNA ligase

.-

Figure 10-17b Principles of Genetics, 4/e
€ 2006 John Wiley & Sons

nn1s§LATIZH (Replication) DNA
: N Ve = =
DNA wisuuinfmddasampindaieaniilu 2 muidu
a N w e v A w  Aw oA o £ " v A ! A o o '
mMsasnanzit IRinAy) DNA gﬂ‘lﬂmmmmamu‘u’m‘n‘lnumma e lussliindnsmuiwuinnnia
" & A v & v A A &
@ winsfannunaau Senaslimaamniuivas DNA dauilas
: ' = 2 2 9w ' P v ot A « w
uwsuuumeaeadasiiainlaild DNA pnde lauDNA ﬁwmmmaauiﬂmummﬁm
D ma ) < o & Af wm  w A
851 RNA viausn s iveidufliiSudusansei DNA

o A m &£ o v o .
U101 wdnFainen 1/ a.a9. wakgnd asudTE / ‘mﬁwuqnﬁuua:n'ﬁmqmmBoﬁu 2



Parental DNA

3 4 : Okazaki fragments
DNA polymerase '

Leading strand

Lagging strand

Qverall direction of replication
Copyright £ Paarson Education, Ine., publishing as Benjamin Gummings.

"‘r"lﬁw (apparatus) #5u DNA replication
. ihdufidrdnlu DNA replication §i
1. DNA helicase
DNA topoisomerase
Single-strand binding protein
Primase (Primosome)
Deoxyribonucleoside triphosphate 4 ahia
DNA polymerase (Replicase)
DNA ligase

©C N ooy A owN

Telomerase

DNA helicase :

ARELNALT double helix DNA aanlifluanuidien (Single-Stranded DNA - ssDNA) 2 a1t

DNA topoisomerase :

Ui wianmsinfeng DNA Faaunifiwll (supercolled DNA) Faiflusannnsuanindzalan DNA helicase
:Single-strand DNA-binding {SSB) protein :

il protein A3UAL DNA mideafldannnisuenindsneas DNA helicase Litailasmslils ssDNA i3
AudRuuasilasiumsgndan

Primase :

(I enzyme A  special RNA polymerase) msuiasnzy RNA ftllw Primer uutlans 3" vasusluuy
1 6 - 60 nucleotides

o e e & o W o . -
101 wan®ingn 1/ 0.99. NIBONT ﬂTU]JT“D’QJ"I /TﬂﬁwuﬂqnffﬂLlﬂ:ﬂq'jn'}ﬁ'}ﬂ'ﬂa\}ﬂu 3



enzyme ﬁagivuﬁ’yiﬂsﬁuﬁnﬁaﬁsjﬁﬁﬂ YIWUaINITUNT Primosome
'Deoxyribonucleoside triphosphate (dNTP) 4 1ila

deoxyadenine triphosphate (dATP)

deoxyguanosine triphosphate (dGTP)

deoxythymidine triphosphate (dTTP)

deoxycytidine triphosphate {(dCTP)

:DNA polymerase :

I o o ' . o 4 e @ o e a
14 enzyme wanlumaidanda deoxynucleotides usazddndniulildiluaoes un template MURENG
u law 6a PO, 98N 2 Wiy uazdaszning 5-PO, 289 deoxynucleotide Imaqa’lmﬁ MUY 3-0OH 2189 RNA

o d [ o
imer w38 w0 DNA g lananuda
NA ligase :

A, . , L
enzyme LTBURATENINY 2 nucleotides LTul

enzyme dwiusiotlany 3' DNA sowiiiewdlu template 57981 DNA fivhindsmsaasuas RNA
mer luanugn -

Méchanism 239 DNA replication

« Gudufiduniarnzgaiunia Origin of Replication (ori)

P ] ar . [ o ar 9 ' . -
+ U9 DNA mﬁmg;mnaanmnnﬂﬂﬂ Helicase Vlwaaamummu,ﬂnaanmnnugﬁaau 3anin Replication fork

Origin of replication Parental strand
Daughter strand

(3] Two daughter DNA molecules

(a) In eukaryotes, DNA replication begins (&) In this micrograph, three
at many sites along the giant DNA replication bubbles are
molecule of each chromosome. visible along the DNA of

cultured Chinese hamster
cells. The arrows indicate
the direction of DNA
replication al the two ends
of each bubble (TEM).

Copytight & Pearson Ecucetion, In., piishing as Beegarmin Cunimitvs.

- SSB protein 19191 DNA aetda@aiuusinw 2 ﬂauﬁu‘lﬂlﬁgndaﬂ
- ®wy —>5iu Leading tempiate strand
- &1 5 > 3' 1iu Lagging template strand
« MIFIATIZE DNA U 2 enerilauiulundnnis
wadnaiuluneazBon e

woa £ o o e . -
101 wRNTINLN 1/ 2.97. waﬁqnﬁ ﬂ‘suﬂwry? f TREWRIRTIHUALTNTIIWYAIEU 4



+  Primosome {Primase) §3LA512W RNA primer Uwialiuumn 3' -> 5 DNA (ualuuuansdi

a3 aanNAUwIYIRY)

A8IN17 RNA primer

. A 4 o
- DNA polymerase inilane 5-PO, 2849 deoxynucleotide dafi 3'-OH ua4 primer Ut template 1WiSay 9 Aaz

ISJLRQEI'RJ%‘P‘I!JGHL&ELLUU
+  DNA swlwid azeman 5 -> 3
. DNA mwlngil Bond Leading strand
ONA Replication L% Lagging Template Strand

Leading . .- Orlgin of - Lagging

strand - . replication " strand.

- Overall direction of replication - -

Replication fork
RNA primer

Parental DNA polymerase

Copyright € Pearson Education, ine., publishing a¢ Banjamin Cummings,

o a = a e N
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« MERAILNULLRIY 5 --> 3' DNA template gmmnaan“ﬁﬁﬁ?wﬁe &7 Primosome (Primase) R Ap—
RNA primer In&'9 fiugwaasgden (3 )

. DNA polymerase 3a§3ta7% DNA 2981 Uszanmt 1000 - 2000 bases lufiemnean 5 — 3 Zuni
Okazaki fragment Lilu DNA "ﬁ'}!éLL‘Eﬂ

. maummunnﬂmumammwu fimsfsainzd RNA primer 291w uf1enusanIdaeTzv Okazaki
fragment 'mm 2

+  RNA primer 289 Ckazaki fragmentﬁ 1 mas 'y

. DNA polymerase i1 dNTP 19h]dunu RNA yhnue

- DNA ligase 68 2 nucleotides 75W314 2 Okazaki fragments Wil DNA &ne@snu

. mqmsaﬁﬁﬂ‘ﬁ’%au il DNA TriFaemzvipninin § —-> 3

. DNA mwlwiliSundn Lagging strand

. giniu mIFe Tz UnudLuY lagging §89n13 RNA primer 807vin 1 primer

Initiation of replicﬁtion

Double hehx unwmds, providing Hellcases and

Synthesis of leading strand Synthesis of lagging strand
Priming ‘Primase . Priming for ';_Pﬂmase e
Okazaki fragment :
Elongation Elongation of '--DNA i
e S fragment polymerase
Replacement - DNA = Replacement :‘DNA
of RNA primer polymerase. of RNA primer :
Joining of L"ngase _53_ '_
fragments B T A

Capyright €@ Pearson Education, Inc., whﬁ-:hhgn Bméamlrs cuznmhgs h

alnnsdaias1z DNA (Replication)
o | A
§aLaT12¥ DNA fians 5 DNA augn tRanaunu RNA Primer
P < R = &

+  dse 5 el primer 289 §8 daughter DNA anamgld —> luilymlavawizly eukaryote tnseiiu

linear DNA Ul 'hiﬁﬁtyiﬁ'ﬂu prokaryote wizLilu circular DNA

v A o w ol 4w v
- 29Tl Telomerase iwihfidadanoitlimuysol

. o dak _

.+ Telomerase (I Ribozyme Ria N1 RNA 1ag protein

a w A e . w ' o
«  RNA 284 telomerase Yinwinidu primer 14 telomerase do DNA 14

N a A A £ o oo 2
04101 wAndTAnI 1/ 0.0%, WSONT ATudTYT / SrilEnITNLeEmM IR Y 6



f_l'liﬁxﬂﬂi']tﬁ DNA fidang -3° 2as DNA anggniiada Telomere

i arotc DNA

Telomere

Repeated unit
"

© Telomerase
extends the 3" end
of a DNA strand.

€ The other strand
is extended in the
usual way by primase,
DNA polymerase,

and ligase. -
ciins
€© The result is a longer Primer removed
telomere with a 3-end
“averhang.”
{b)

Copyright & Pearson Edication, Inc., publishing as Benjamin Cummings.

ranscription
- mIdwdayaWusnTsy (genetic information)
910 DNA (double-stranded) M luaglugizes RNA (single-  stranded) w3ailu
. MeEIUMIETNEILUT (copy) RNA 189 genes nnaiiawiatisnin RNA Synthesis
- ilumsnaeawizd19au9 base pairs ﬁ?uﬁﬂﬂﬂ‘ioﬁ’mmm Gene (structural gene / gene proper) Hu
DNA Tildaglugiaes RNA

rRNA gene tRNA gene  Protein-coding gene
— . JO...

kranscrimion
% mRNA
molecule

} Translation

% Protein

tANA
molecule rmolacule

\ /

v
Final products of
gene expression

; o o4 . & o o e N
04101 wandine 1/ 8.4, Wﬂl;ﬂﬂﬁ Q?ﬂﬁ‘i’lﬁy‘\ { mawugm*smm:m*smmmaafm



DNA Template &M FUN15d9LAT 129 RNA

= . Transcription §aamTlanLLIALs 1 & Z49238n7 Template strand W38 Non-sense strand

+ aganihaiutuuy Fafldou base mflon RNA (BT U unu T) az3unaeiiin Nontemplate strand
%38 Sense strand

A Tempiate - Nontemplate -Sense Sfrand

5 3

Pl
AT
T A
| |

Non-template strand

DNA
Tamplate strand

Transcription of the template strand

- 3" Transcript - the same

5
HNA"I(Ef]ihT"-I—TT'—-IIE{||

AUGAAAU L AGGUGCUA

PROTEIN

C-O-0-0-C

sequence as the
nen-templdte strand
{except U for T}

adudan s Transcription

DNA template
Promoter
Structurat gene (dﬁuﬁtﬂm‘ﬁ'ﬂ)
Terminator
RNA polymerase
3. Ribonucleotides 113 4 i
Adenine triphosphate (ATP)
Guanine triphosphate (GTP)
Uridine triphosphate (UTP)
Cytosine triphosphate (CTP)

= o WAl ' Py o 94
»  DNA Template 184 Gene 1@1 711 DNA ﬂ%zgnﬂmﬂannamwu (transcribed) @044 3 ﬁ?%m‘ﬂf}}@ﬂﬂiﬁ'}ﬂﬁaﬂ

promoter. ............. gene proper{Coding region)........... terminator
Regulation of
ranslation ‘

t | Signals for
Regulation of Codi . fermination
transcnphion oding region of transcription

— T A "
A AT AN A AV AT ATAATAT AN

o o a & o _ . .
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romoter
+ aguSmAAL nucleotides Fulany 3' LSlamriaw Structural gene / gene proper
- uBnadmiubiionlad RNA polymerase 41 iaasiavndumiafiasld nucleotide G250 Y89 RNA
FoamsFaaTizh

e ~ I % 0 . I o ' w
- uufe Luatau"lfnﬁau"iﬂgnmaa Promoter DNA ezpniflausnaanidlu 2 an 1Wi5uld nudeotides ot

Gene and
— | DNA
. I .
] ] 1
] 1 ]
[ ! f .
- } 13" RNA transcript
I i l
| 1 ]
| [ \ i
Leader Trailer
segment segment
g 3 First attachment
site of enzyme
3 5 Site where transcript
- T o~ begins
Upstream Downstream

RNA Polymerase

« SNduFnaTIzE RNA Tdiat lag

Y| =
FUN promoter LazitauunDNA
pantilu 2 aw

11 ribonucleotide AL LUK
usinuvleslidasfl primer

¢ RENIMIINNG 5 > 3
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ja“ln YAINTYS Transcription
: [ al ' a [ = o 2
INORIVE VI mimmjaa%mwui;ﬂ'i‘imﬁunav{n@amad 33zuz BD
. Initiation MITHdUTIATIZ RNA
; Elongation N13133781788N789818 RNA
. . - o '3 . o o ' .
. Termination MIngANIDIUAIEIATIZULBZUEY RNA AfuaTER e inslaenanusiuy
_ .- et et . N
aln Transcription 3 steps @#alibad o Initiation, Elongation, Termination
. 31506 - Initiation a4 Transcription :
o d
+  RNA polymerase 1UV promoter
+ 1 promoter :
=) A:‘
~  RNA polymerase wgniniu DNA oamils 2 saidion
- uuswuduul 3 > 5 wio Coding strand

° . . o ¢ y o a v ' - .
RNA polymerase W1 ribonucleotide mLL'sn'l,auuLzmmumgm‘mmumtmua +1 ¥10 Startpoint

. Iﬁuﬁ"’a"lﬂﬁ]:ag;mﬁa%u“lﬂ (upstream) maﬁqmﬁ'uﬁu (start point)

+1ludumelef RNA polymerase mé’mﬁamgm‘i"um{ franscription uastianidladunitnduduwuy

- 1w prokaryote RNA polymerase anansoaaindusiieuas promoter ladaudaias

«  lu eukaryote %:ﬁﬂéuiﬁsﬁu“fie transcription factors 1Ju@s18l% RNA polymerase uniuRy promoter &
$adums transcription Bundnunisiium DNA 11 TATA box
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A msdaeTEiae - Elongation :
. RNA polymerase 11 ribonucleotides #iaidhnuvisiaef idaosnliuds
. ldmz RNA pmsanday g lufiene 5 > 3
- msld ribonucelotides azdaaifinlununguagauivusivuy
« & RNA Twiinsduin DNA usluuoshasszeenils
—  wemw RNA 813nniu ewislanefiassrian ITHEADBNIINUIULL
. AN3RYA - Termination :
¢« UUUNUUD DNA aaudanazad gene ﬁu‘%nqu@ {3un31 Terminator
+ MIRYANBATAR Tt terminator tAile 2 33
1.  Rho-independent termination tia3n terminator L&z RNA ﬁmﬂumﬁmgﬂﬁ'uaﬂwu (hairpin) Fidaua1s
MI%UD9 RNA polymerase «-> 7waaaanIIn terminator
2. Rho-dependent termination Lﬁﬂmnmiﬁu‘%a 15 (Rho factor) TRUTHATIFINIIUYBI RNA polymerase —>
WaABANIN terminator
silApuuilas RNA nasonnns transcription luluadwin Eukaryote
«3i3on mRNA Rafulwaifsalichunmsdisunlaelagii pre-mRNA
. §im3 modify fidane 5 lasdiy Guanine (G) 1lu 5' cap S9vhmini 2 adeda
1. Jasiumsgndasdmdulsd
2 Wwdumbsllslulzudhaniudioinfaud Wlnlolananada
- flas 3 Hnfe Adenine (A) wanw 9@adaud 50-250 §a3unauiiin poly(A) tail Ssvwinfindiauty 5
cap
1s1l8sunilas RNA 789910015 transcription Twiaadwan Eukaryote
- Pre-mRNA faugnasaaniduaniiauaiusazgn modify Todadui lildEuoandaBunda intron iwdouddin
FudamimiulsiufiGendn exon MiGusdanudromariminfivas smal nuclear ribonucleoproteins

e 13 Gr ﬂl Jd .
(snRNPs) nae 9arunuldsdudusuiionii spliceosome

Copryright © Pearson Bducation, Ine., publisting as Banjamin Summings.
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ranslation (Msdatastzilalsin

RNA 12 3 19ia Adsiaszeilalu nucleus a:gnﬁéoaanmﬁwmﬁ cytoplasm

mRNA ey awugnssnlugurasmiadmiuudaliiiin amino acids 13unin Genetic code
wesyIRRITENIT Codon

tRNA tfu adapter 11 amino acids L"ﬁ"lm@1'aﬁu‘lﬁ’@’mﬁuﬁ']é’umaasﬁaﬁugmmﬁﬁmuﬂiﬂu mRNA

o . B s . o o o e
rRNA T2uNY ribosomal protein nateiils Ribosome Ynwihfildluaaunaaanzilysdiu

sﬁﬂﬁugnﬁwaﬁaﬁ%ﬁ@‘qn’uﬁﬂuu mRNA

lsznaudan 3 nucleotides / TW# 13871 Triplet code n3aflani3ondn Codon
Tstulusifiamluysnaviudan amino acid 20 wita

Codon Wavuad3ed = (4)° = 64 codons

20 amino acids MVawNA 61 codons

1 start codon fla AUG uaz
3 stop codons )
- UAA Gantn lawaad (Ochre)
~  UAG B3oni unuiuas (Amber) uas
- UGA Guni1 Tavas (Opal)

Triplet Code 3 Nucleotides #a 1 codon udaidu 1 amino acid
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ransfer RNA (tRNA)
- Tavesieadeludnuiy 3 nfu
. Anticodon i 3 bases #%3U3U Codon

2 r . w as . . S a o ¢ 9
. FNLAUIFETIWILLY amine acid ‘ﬁdgﬂl,ﬂ&}wmﬂ’mnﬂuﬂ’w ATP

DRA
molecule

Gane 27
Iy

ihosome
- Ribosome 333l 3 3 (sites) da

' ) Aminoacyl site {A site} AT (RNA ﬁ{}"u amino acid,
) Peptidyl site (P site) §m3L tRNA 9130 peptide
} Exit site (E site) 817U tRNA fraushilazaanan ribosome
aln Translation
)} Initiation :
#24n3 amino acid Methionine (HudI3udn

—  Prokaryote : f-methionyl tRNA (tRNAfMet)

~  Eukaryote : Methionyl tRNA (tRNAiMet)
-2} Elongation
3) Termination
—  Stop codon(s} was Releasing factor
Initiation 289 Translation
- Ribosome ®IELEN TUAL MRNA é11 5'
- tRNAfMet W38 tRNAMet iF1anlu ribosome 1 P site $1896597L AUG start codon

- Ribosome wihlwginsudumibmdn
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P site Large
tibosomal
subunit

" Initiator
tRNA

mRNA- = |
gL - 504
Sy =y
- Smail. N _
mRNA binding site sibosomal. “Pransiation initiation complax
_ suburiit _
mwwgﬁm.zammw g &5 Hoojamin L

Elongation 2784 Translation

° . - o o s
« {RNA %1 Amino acid @97 2 (AA2) 1971 A site
+  enzyme Ga AA1 aanann tRNAT laldariu AA2 du peptide bond
«  tRNAT 1 -

, o P v . 1 \

. Ribosome t@aaufl 1 codon Tuna 3 —> 16 A site Tl 1 site
- Asite t@@unanalu P site

- “ 4 .
. P site tqunansily E site 143 tRNA 318 —~> 81370 ribosome

« wanstifaduiging —> ae polypeptide tiaan

amino acid
attached

mANA
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Cpraoih O Péurson Biaation, fng. poliishing b Barginin Susminiings,

Termination 289 Translation

« MIFLATIER WeurNAATINENITEY gene T4 codon qmﬁﬂn%uﬂu stop codon {1 1w 3)
+ "Lt tRNA d7ladn stop codon 16t ud

. i fdufiee BSunin Releasing factor (RF) 1w protein $ufl stop codon 1ef

»  MIIUDDY releasing factor il E‘)‘ﬂnim“lu translation ﬁ'swwaﬂaanmnﬁ‘u -> RYA transtation

Release
‘tactoy '_

 Stop cadon

(-um;-gim,fof*'ﬁc;#f
1 2] (3]
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Signal peptide
. , G oA . Ao v e P
- dwadszanm 20 amino acids AnazanuTinndangvedsny polypeptide ArnaIaI agunlslylaw

LTl
. . 3 e ot . - - @ o ooy
*  Signal peptide m:gnamﬂﬂﬁiﬂwuﬂ’ﬁa signal-recognition particle (SRP) Tepsiuasin Isluloufsdans
. Py P . e g '
polypeptide %1 receptor protein ﬂﬂémaguu ER membrane
o . o = b e w A R . o a o e
» 1{i8 polypeptide aiwauuzel fazgnaadhlylu ER Teodadiufifiu signal peptide aan sniiuldsdufiade

P ae R = ar v e
1waﬂa@na§;1u membrane na:ﬁamagnmmad ER

~ Rihosome

Signak
recagnition.. £
| purticie

AMING ACID
ﬁe‘f’v 'ﬂoﬂ
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