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CONNECTIONS BETWEEN CELL
DIVISION AND REPRODUCTION

A g (5 1ad) ALl (y daad 9
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8.1 Like begets like, more or less
JASJ‘ BB (oY) duds 4y LA
= Living organisms reproduce by two methods

— Asexual reproduction («ix 341 il
— Offspring are identical to the original cell or organism
ol S ol dulial) Adal) Jilas 4y Al —
— Involves inheritance of all genes from one parent
Ops¥) aal e lal) JS A 5 anali —
— Sexual reproduction pwiall il
— Offspring are similar to parents, but show variations in traits
lball A g 6 aa (¥ 4nii A )N —
— Involves inheritance of unique sets of genes from two parents

s IS Cilia (e dize Ao gane &3 g (panali —
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8.3 Prokaryotes reproduce by binary fission
il GAEINL ALK §) gil) A gl el

= Binary fission means “dividing in half”
“opabeal ) aludN)? AU RGN iy
— Occurs in prokaryotic cells
31 93 Al o LDIAY) B Giaay —
—Two identical cells arise from one cell
Baa) g A (e ililaia (il iy —
— Steps in the process:
sdlanll ol &) glad —

— A single circular chromosome duplicates, and the copies begin to
separate from each other

o) Lagudany ¢ JUaliN) B oyt fagiy sa gl Alal) a5 ga g Sl cislialy —
— The cell elongates, and the chromosomal copies separate further
A ST 4 a5 g g S Cptidiadl) Jluadil 1 Jyg Al Sudaiad —
- Thlci: plasma membrane grows inward at the midpoint to divide the
cells

Ada) andd Ciuaiiall Adaki 8 JAIA) ) Taies La D) sliS galy —
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Plasma membrane
La Pl elis

Cell wall gsad) jlaad)

Prokaryotic chromosome
3) i) A g) Adad) 2 9 5098

o Duplication of chromosome asjsag Sl disliaa
and separation of copies 4fidwd Juadily

Binary fission of a
prokaryotic cell

AQlAl AU GRay) @ | Continued elongation of the Al Jlxu)
316l A cell and movement of copies uidwill 48 ja g 414

| / @ \ Division into two daughter cells
Ofasiy Ol () alodidy)
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THE EUKARYOTIC CELL
CYCLE AND MITOSIS

Al aLudiY) g 51630 dhda, AQ180) 5 g
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8.4 The large, complex chromosomes of eukaryotes duplicate with

each cell division
s A aludll IS aa Cie L b gil) Adda LA SaBaall 3 sl cila g ) g0 9 <1

= Eukaryotic chromosomes are composed of chromatin
Cala g ST Bala (ha B) i) Ailia LAY a9 ga g S (g8 =
— Chromatin = DNA + proteins
Clivig 4+ La= ouilag sl —
— To prepare for division, the chromatin becomes highly

compact, and the chromosomes are visible with a
microscope

Al A e e g ) ga g Sl guaiy Adde A (ila g SN S AL fagad —
— Early in the division process, chromosomes duplicate
LD 3 jSuall dla gal) A Cila g ) ga g Sl e LaT —

— Each chromosome appears as two sister chromatids,
containing identical DNA molecules

o dalg s 5a Ao Lagha JS (g giad (plid Guiliasila g S ) 1 ladia aggag S S giu —
ARRAL Jilaia Lal)
— Sister chromatids are joined at the centromere, a narrow
region
Adusl) ddhial) 43S pall dakadlly A884Y (ptiarile g <Y Jualiy —
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S[ster chromatids
ARBGY (ytaxila g )<l

Centromere
40 38 jal) datadl)

Electron micrograph
of a dupticated chromosome

cielaia ajgag Sl gaalls b)) sa
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Chromosome duplication

2955498 ac Ll

Sjster chromatids
ARG tadila g Sl

%r/omoso e
istributio

to
daughter
cells

23955238 25l
A oid) LAY e

Chromosome duplication
and distribution

aJisa 98l &g g s Ll



8.5 The cell cycle multiplies cells
LMAY ddelad Jto 4081 593 Jars

= The cell cycle is an ordered sequence of events for cell division
dju\ e\.ulam Qiadaia Aol dalae 2 ‘ww Al SJJJ u

= It consists of two stages

Interphase: duplication of cell contents
G1: growth, increase in cytoplasm
o Gle sl 330 55 sai-
S: duplication of chromosomes
Slas ) sa5 Sl dde Liaa-
G2: growth, preparation for division
G2abudidl agaill-
Mitotic phase: division
Mitosis: division of the nucleus
3l i) o) : Ll ALy
Cytokinesis: division of cytoplasm
22k sl aLudiV) e 53U gl aluds)

OAls 7 (o (sSTg

INTERPHASE
e N
¥ . . | S N\
k (DNA synthesis) |
Q% . - /"/
b\/ 0“@@\9‘? i o / ///
Ml TOTI / _— ////
435 (i ) =

The eukaryotic cell cycle
5ol Adda 4140 5, g0
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8.6 Cell division is a continuum of dynamic changes
b paliwa 4aS A &) yurd (g glAd) alidiV)

= Mitosis progresses through a series of stages
il ) sk (e Al jue Al ALLANY) 1y .

— Prophase gl ) shall
— Prometaphase () ) S8 La ) ghall
— Metaphase () i) ghall
— Anaphase (Auad) ) ghall
— Telophase Al ghall

= Cytokinesis often overlaps telophase
el skl ae Jalan Lo Lile oo 0 gamd) albudly) =
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8.6 Cell division Is a continuum of dynamic changes
B palsa AaS ja & yarlh Qg}&‘ab&ﬁ\ﬂ

= A mitotic spindle is required to divide the chromosomes
Cila s ) a5 SN 2Lty o gllaa (AGAY J3al) ) m
— The mitotic spindle is composed of microtubules
4383 cilpad] G I8N J Jhall 058 —
— It is produced by centrosomes, structures in the cytoplasm
that:

06 Al gianall dpa 33U sz a0 a5 Antiily A 3S pall alea¥) o g5 —
— Organize microtubule arrangement
A8 Bl cluai¥) qufi fig aalals —
— Contain a pair of centrioles in animal cells
Al gaa AglA S (B 438 yal) cilapad) (e (a9 Ao (s 98T —
— The role of centrioles in cell division is unclear
Cigra (o glal) ALl 438 pal) cilagaal) g —
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INTERPHASE (sl skl PROPHASE (sl ) shll PROMETAPHASE (Al siud) Ji L sk

Chromatin itoti [ i
Centrosomes Early mitotic spindleCentrosome ~ Fragments of Kinetochore

s A 5 ] Nuclear envelope - .
g aw\y»ﬂfap\ s oal) 35
e \/ (

Plasma Spindle
Nucleol Membrane Microtubules
463 . Bl sLal) Chromosome, consisting 4l e 488 il
O — of two sister chromatids

ARE Gaila g S (e QoS p 30 980



8.6 Cell division is a continuum of dynamic changes
B palusa AaS ja & yandh Qg\g&\ab.aﬁ&\

= Interphase Al skl

— In the cytoplasm - sl 3
— Cytoplasmic contents double e 3L siuall il siaall Caclias
— Two centrosomes form 4 S sall alua¥ (e il (1 583

— In the nucleus 35l 2

— Chromosomes duplicate during the S phase
Doh el Clag e Sl Caclati §  —
— Nucleoli, sites of ribosome assembly, are visible

A e e g s s qal s gl ol —

Copyright © 2009 Pearson Education, Inc.



ANAPHASE u_jwy\ th-“ TELOPHASE AN"[.) CYTQK|NES|S
i e N sd) aludiY) g (Algl) ) shall

METAPHASE (! $iuY) gkl
Metaphase plate 4 siwd) Aasiuall

Nuclear envelopé

SC(By!iQIgJOg Pe‘aéixjucalion Inc. Daughter Chromosomes Formlng
4 384 clag g S @Jﬂ\uﬁd\&,ﬁ



8.7 Cytokinesis differs for plant and animal cells
Olgaad) e cldl) 2 e Db ghad) alodly) calisy

= Cytokinesis s ST aluddy)
— Cleavage in animal cells 43l gaad) LMAY) & juaddl)

— A cleavage furrow forms from a contracting ring of microfilaments,
interacting with myosin

(s gaall e Ao laial) 48801 Ja gudl) (e daiiie dala dai) g3 ) 2l &L —
- The cleavage furrow deepens to separate the contents into two cells
‘ ClA 1)l ginall @iy Slald 3aaill 8 peadill agaaf b —

— Cytokinesis in plant cells bl (A (g slad) aludiY)
age=sgms — A cell plate forms in the middle from vesicles containing cell wall material
’ ‘ sl Slandl sale e (o gind S lay i (e Jawssl) 8 Ay glal) Asjiiall S5 —

vy into two cells
ol )l giaall @iy dedld Gl gall ) Jeaill o ) e Taway 25 glal) daiall gali —
— Each cell has a plasma membrane and cell wall
Ssla Dl e )Sh slie 4ds U1y —
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Cleavage furrow

e 4933 Contracting ring of
Microfilaments
a3Bat) Ja it pa (Al (alial)

o
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Growth (in an onion root)
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Mitosis
s 5l aluddy)

orophase Telophase

e Early Anaphase Late Anaphase
‘ ‘ 3 -
RO Gl i) gl AL iy | sk

Metaphase Midi Anaphase Telophase
o iy ) ghal) b giall Juaddy) ) shl) Al shal)



MEIOSIS AND
CROSSING OVER

AU sadl g A AN aludiyy
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8.12 Chromosomes are matched in homologous pairs
alilaia 1 9) (2 Clag)sag Sl (300 o

= Somatic cells have pairs of homologous chromosomes,
receiving one member of each pair from each parent

(o 2al g gne Jaied Sl ABLaiall e ) ge s SI (e g0l Lpal dgaeal) LDIAY)
Oisd JS (e sy IS
= Homologous chromosomes are matched in
‘_g&ﬁm.d\ Glagigag Sl 38 gt m

— Length Jshall
— Centromere position 4338 yall dadall) 28 ga
— Gene locations ciliaal) adl ga

— A locus (plural, /oci) is the position of a gene
Ol Aling A1) (lSall b audagal) —

— Different versions of a gene may be found at the same locus on
maternal and paternal chromosomes

Y1 9l AW Cilagisag Sl Ao Ie) g Ariaga (i B gh g Cpall Adlid clin Bas dUia 0 ¢S o oSay —
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8.12 Chromosomes are matched in homologous pairs
adilaia 1 5)) (2 e gisag Sl (32 o

Homologous pair ofchromosomes

Jilala (2939095 7 90
= The human sex Centromere
chromosomes X and Y r A N oAl Akl
differ in size and genetic H A H A
composition A ’

dciall Gl gy a9 S alias m
Soexall A Y 5 X Al
= Pairs of autosomes have

the same size and A A
genetic composition \ J

“w o - . o YR -
Al ‘—‘}-‘JJJ‘JJS}‘ s ‘JL““ - Sister chromatids One dquicated
ol S jill g anal) s 4384l wladlag S chromosome
cielalia a9 ga 9 S

A homologous pair of chromosomes
Jildia (2905098 E9J



8.13 Gametes have a single set of chromosomes
Cila g 3a 98l (e Agila) 4s pana Lgy cllasalall

= Meiosis is a process that converts diploid nuclei to haploid nuclei

daal 3l ¢ ) At 8] gil) e J gath u,_d\ dalaxll A gi\jis\lt eb.&\ﬂ o

— Diploid cells have two homologous sets of chromosomes

“ AU (pa 939098l 22m)”” la g ga g Sl (e Alilaia (e gadna Lgy AU LDIAN
— Haploid cells have one set of chromosomes

“ oAl a9 ga g Sl 2l Cilaggag Sl (e Adla) Ao gana Lgn Apalal) LOAY -
— Maeiosis occurs in the sex organs, producing gametes—sperm and

eggs
IS sl g A gial) il gaad) A 5 cillasalad) Laile Alulisl) plzae ) B ) FAY) aludiY) diaay  —
PEESY 2905098 dand) Laglia

= Fertilization is the union of sperm and egg
docanlly (5 siall o)) sl Ala) sa iladY) w

— The zygote has a diploid chromosome number, one set from each
parent

Gl J8 e dra g5 5098 48 gana datlesay (ALY 0950 98] 22l “Auadll) A8 AaBML 22 9y —



8.14 Meilosis reduces the chromosome number from diploid to haploid
sl agisag Sl daml) ) AU a9 ga9 ST dal) Cluall o Jany ) 58N aLudTY)

= Like mitosis, meiosis is preceded by interphase
(8l aLu@N) e alia Aul) ) ghally ) 33AY) ALY aiidy
— Chromosomes duplicate during the S phase
S Ala e PR cilag)gagsll disliass —

= Unlike mitosis, meiosis has two divisions
(A ALGEN (uSay ¢t Cpaledil (e oS ) FAY) aluddiy)
— During meliosis I, homologous chromosomes separate
JoY! (o) AV Al U] Altlatall daa g5 g0 980 @) 51 Sl oy —
— The chromosome number is reduced by half
Ciualll ) cilag)ga g SY aas J AN Ay —
— During meiosis 11, sister chromatids separate
(A (A AN ALl 1 488N claie g S Juad) 4y —
— The chromosome number remains the same
SR LaS pa g ga g 8l daad) Aw —



8.14 Meilosis reduces the chromosome number from diploid to haploid
sl agigas sl daml) I AU ag)gag Sl daml) Ciualh o Jaay I EAY) Al

=Events in the nucleus during meiosis I
J8¥) (IR AludiN) UK 813 B 5 ad Al ElaaY)s
—Prophase I Js¥! sl ghall

— Chromosomes coil and become compact
A ghudaa gualy Cila g ) ga g Y ili —
— Homologous chromosomes come together as pairs by synapsis
O Aslary da ) e Q) gudary (pa AliLalial) ila g ga 98] 35 —
— Each pair, with four chromatids, is called a tetrad
23550 58N Al Ban g any cilailag S il 4 e 9isaS £ 90 IS —
— Nonsister chromatids exchange genetic material by crossing over
s o) dlany 450 ) gl Balal) ABALY 48 cilasila g S Jal —



MEIOSIS I: Homologous chromosomes separate
Aaial) dsa ga 3 90 9 S 721938 Sl 1 g¥) () AN aludi)

INTERPHASE PdROPHASE | METAPHASE I ANAPHASE 1
(i) gkl ds¥) sugatll shall IV (A siay) ) shal) Y Aadiy) gl
Centrosomes (with Sites of crossing over  Microtubules Metaphase Sister chromatids
Centriole pairs) sl sl 2 5 attached to Plate remain attached
A3 5 pluad)

Kinetochore — #Hsia¥ldadal 43840 cladley Sl Ag

458 sall Claswal) 71930
(S el Clasaad) 7153) L29) Laia

-

dlaia 43801 ciluay)

Spindle A Al S
dJ"‘“ //,\\,’gb/;-\\

ng.‘;ﬁ;jf/f /'/
//\t—/—'/
_ Sister Tetrad Centromere
Envelope Chromatin Chromatids  skysss  (with kinetochore) Homologous
6 55401 M) Gissl) A8as oadleg S agisas S 43S yal) Aakait) chromosomes separate
Copyright © 2009 Pearson Education, Inc. (ASJAJ‘J.S‘)A Le-'\‘s) mu.m \ QLAJJ.JAJ.JSS‘ dm. .‘

The stages of miosis |
JS¥) (RN aludN) ) shal



MEIOSIS II: Sister chromatids separate

ABRAY clasile g SN Juadl) 1 A A EAN) ALl

TELOPHASE I TELOPHASE II
b e W PROPHASE 11 METAPHASE II ANAPHASE Il AND CYTOKINESIS
2 " :A ’ D (s ageatl) ) ghal) D ) i) shal) S i) sk G gl ghal

g.AdeM‘ alud®Y) g

Cleavage furrow
yadldl) 3 gad

Separate :
TaAA) cladla g cells forming

4 sial) alaly) LAY (s
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MEIOSIS
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PROPHASE | Js¥) sugaill skl
METAPHASE | Js¥) A giw) ghal)
ANAPHASE | Jg¥) Jlaiiy) ) ghl)
TELOPHASE | Js¥! Algill shall
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MENDEL'’'S LAWS
Jaia (pil g8
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9.1 The science of genetics has ancient roots
dagid jgda g3 A, ell ale ()

= Pangenesis was an early explanation for inheritance
Z\_’i\”ﬂs)s,\d\ L_i\JJMSJj‘ ) Qﬁ‘gﬁj\@waﬁﬂt_\;\s n

= [t was proposed by Hippocrates Ll il Lea s -

= Particles called pangenes came from all parts of the organism to be incorporated
into eggs or sperm

4 saall U ) o) (el 8 il Al I ) el aes (e S0 A gadi Alila, et Claps iy

= Characteristics acquired during the parents’ lifetime could be transferred to the
offspring

M Legilon o] (0 5a¥) Lty Al cliall Gy 55 Sy

= Aristotle rejected pangenesis and argued that instead of particles, the potential to
produce the traits was inherited

Cap 5l A2l g s le el o Yy 4l 2 53815 0 oS A g Byl ghas ff (b,

Glaall

= Blending was another idea, based on plant breeding
il pagdll e dald 5 5al s S8 IS Lkl .

= Hereditary material from parents mixes together to form an intermediate trait,
like mixing paint

OV Y s e Fain cliea 25 64 o oY) e Al ol alad) iy w
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9.2 Experimental genetics began in an abbey garden
(MAS) Jad ‘\AAJA uﬁ M‘Jj-‘\ < yladl) u\u

= Gregor Mendel discovered principles of genetics in experiments
with the garden pea

Al e lal el ) 4y ek A3 )50 (sl M Jie Hsma s Jeasi m

= Mendel showed that parents pass heritable factors to offspring
(heritable factors are now called genes)

(i) Tl 330 6l1 Sl gall cans) Cp 0091 (e 381 sl il sall & 35 2 530 () Jaie raa gl m
= Advantages of using pea plants
Al il aladind ) e =
Controlled matings bl la suadl & 5l 5l
Self-fertilization or cross-fertilization ksl las¥) 5 I Clasy)
Observable characteristics with two distinct forms
Ot el i A galall Cliall (e JS 2
True-breeding strains 488 Yl
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Dominant Trait

Recessive Trait

Bailud) Al doatial) Al
Flower color )‘ purple | A. > White
AN oy ol K e
Flower position Axial -I‘__i,r;””a'
3 R auda ga JPTHEN <
Seed color Yellow - Green
Bl oyl il yad|
Seed shape Round = Wrinkled
5l Jsd i B2
Pod shape @Tﬂatedw Constricted
sl QA s aLals b pada
Pod color = 3 Yellow
M aios (S OIeen A
Stem length
dlad) J b ] Tall Dwarf
Jash i

Copyright @ 2009 Pearson Education, Inc.

The seven pea characteristics studied by Mendel

Jaia W 3 dapd) cilinal



9.3 Mendel’s law of segregation describes the inheritance of a

___single character
Baal g ddua Ad) g AnduS Jaial ) i8N ¢ ol iy

= Example of a monohybrid cross
dal caagdl JUa
= Parental generation: purple flowers x white flowers
slasll oo 31 x dadial) o2 3l 1 s oY) Jaad)  m
= F, generation: all plants with purple flowers
MJJAJLGJHUM‘JS JJYH ‘\.\Jﬁ\ Ja =
= F, generation: of plants with purple flowers
of plants with white flowers
MJ}QJL@J&AD\.\.\ Z‘UJJJ\JA u
slan joa) lgd clily =
= Mendel needed to explain
O ALY Ao Ayl il oda pauddl Jaia el
= Why one trait seemed to disappear in the F, generation
1 MJAS\JA“ANAUM sWid) i la =
= Why that trait reappeared in one quarter of the F, offspring
2 4,00 (e gy b Al Gl jggdiBage uwla m
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P generation ¢l s
(true-breeding Jw)

arents 3
P ) (o Surple flowers l White flowers

dadly j ) slay )4 ]

All plants have

purple flowers
MJJAJL@JHUL\J\JS

F, generatlon
1 AL Jaa

Fertilization among

F, plants (F;, ~ Fy)
1 ALdl Al G Cladl)

(1 % ga 1 &)

t
P, generation %ﬁ% 2>

¥, of plants Ys of plants
have purple flowers have white flowers
doaudly Hea ) Led cliladl) 3/, slaw e ) Ll il 1/,

Copyright © 2009 Pearson Education, Inc.

Crosses tracking one character (flower color)
(3 AN 05) AdUiial) ciliag il JMA e Baa) g ddua A3) ) g Aaylia



P Genetic makeup (alleles) p

o piants i) 541 o £ 53

; " PP (=3:) Al g 5l e

gedic o o e oy
Gametes <Uaulall P Al All P

F, plants (hybrids)
(0»2) 1 Jad it

Gametes Uawlall

Phenotypic ratio

3 purple : 1 white P
4y yedaal) duudl)
F, plants LA (-
2 i\ei‘ s oas) 1 1 awdiy 3 @
_ _ Eggs val)
Genotypic ratio gpg
1PP:2Pp:1pp
L1y ol daaitt Bﬂ@
Explanation of the crosses in previous figure

Copwi l©2009Fﬁarso Educglign, c’, . - v
Galead) STV 8 HES, Clliagdl) judl



Gene loci

alial) ad) ga
Dominant allele
Al Jall
a

P a b !

Recessive allele

Genotype: PP aa Bb
» . s .
g-'UJ-“ E,J-m Homozygous A& Homozygous & Heterozygous
for the il JU  for the (Adiall 3 2aid
dominant allele recessive allele

Copyright © 2009 Pearson Education, Inc.

Matching gene loci on homologous chromosomes
Adilaial) cila g ) ga 9 Sl Jo cliad) a8l ga (38) g1



9.8 CONNECTION: Genetic traits in humans can be tracked
; through family pedigrees
B ) il B Al pue QMY\‘;A@\JJJ\ Cligl) ) B Sy rdgidat dday) |

= A pedigree dl) B

= Shows the inheritance of a trait in a family through
multiple generations

lliie Jual e Lespul 30 &yl g g w
= Demonstrates dominant or recessive inheritance
4_\;.\4.45\ j\ sl 4\,}4\)}5\ :C\.\.@J\ Cpy =

= Can also be used to deduce genotypes of family
members

buY] eliac Y 415l o) o) 2l Loadl Leaadind (Say m
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XX NLAEVEIE Dominant Traits Recessive Traits

Freckles No freckles
“ oRad (gl

Examples of single-
gene inherited traits
In humans
gl &y )6 @k e ALl
Oyl A cling)

Widow’s peak  Straight hairline
OJJ\J\M\M dafioal) 2) dadda

Free earlobe Attached earlobe
3 a o) daadd daaila )8 das

fatiall

ol

g



Examples of single-gene inherited traits in humans
O] (2 i) parg Eu 6l Gk Ao ALl

Dominant Traits Regessive Traits
sailad) culisel) daadial) cilisel)
Genotype FF or Ff
) s Al
Phenotype ~ Free earlobe Attached earlobe

AUl (S 5o ol daads Laaile 03 dands



First generation
(grandparents)

(2a¥1) J¥ Jaadl

Second generation
(parents, aunts,
and uncles)
G cpal glf) G Joadl
(Aes¥s JIAY) claadl g

Third generation

(two sisters)
(oLiad) Y Jaal)

Female Male

or

Ff Ff

FF
Ff

ff  ff

] 3

O
O

Affected “desila] ¢y filia

Unaffected “s_a] cusilia ,&

Ff

ff

ff Ff
Ff ff
FF

or
Ff

Pedigree showing inheritance of attached versus free earlobe

In a hypothetical family

@b\)ﬁ\sﬂigéwLg)iidé&ﬁﬁ@liw‘iwﬂ@bﬂMSM



Parents Normal , Normal

G2 o) Dd Dd
Sperm
4 gial) i) gaal) )
Dd
©)| woma | Noma
N . g*,-.‘:‘h “dAlA“g.i*lh
Offspring 81’
Ayl L
@ Normal Deaf
(carrier) ??
“JALA“‘#E e

Offspring produced by parents who are both carriers
for arecessive diorder

HAQ\M\LA@JAUSM&ASU%JS



VARIATIONS ON
MENDEL'S LAWS

Jala i) 68 e CuladaAN)




9.11 Incomplete dominance results in intermediate phenotypes
Mh.uj @\JJ &\y\ uﬁ\ Al s dalud) ALY

=Incomplete dominance
dalil) & Balud) =
= Neither allele is dominant over the other

JAY\U.EJ,,\S\ 95‘ 3 gt Y ®

= Expression of both alleles is observed as an
intermediate phenotype in the heterozygous
individual

a3 i) B g g £ 5 Cplit¥) NS d3adle oty
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P generation 9
s Jaadl ‘ ‘
~White o2z
rr

Red sl
RR

N ¥
camass @O

F, generation 4
1400 g N

; \ Pink “ga.9” sia0

W :
1

Gametes % 5

Gidasalal)

Sperm g\l

Z 1 .2
. 'S
F, generation E@ * \%{
24 Ja '

Eggs uas

.y VN
X\ \
10, L <X
1
Copyright © 2009 Pearson Education, Inc.

Incomplete dominance in snapdragon color
foed) ia 98 5 gl B Al e Bl




9.20 Chromosomes determine sex in many species
&1 (pa dard) B (uial) cila g ga g Sh) 22a3

X-Y system in mammals, fruit flies
AgSIAl Gilid g clgail) LB aiie X-Y ol
= XX = female; XY = male
Si=XY; A =xX
X-0 system in grasshoppers and roaches
sl puall g 3 sl A aia X-0 sl
= XX = female; XO = male
K= X0; Al = XX
Z-W in system in birds, butterflies, and some fishes
Alanl) Gy g L&) AN | jgulal) & Z-W Al
= ZW = female, ZZ = male
A=2Z; A =ZW
Chromosome number in ants and bees
Jadll g Jadll 2 auia a9 ga 9 Sl aanl) allas
= Diploid = female; haploid = male
S pagigag sl aaml) | A pagisag Sl 2l



Parents’

diploid cells
AUl 4y o) LAY
Y BTV Y BSIECL]

X-Y system A gia il g Ly
X-Y aldi

Offspring

(diploid)
‘ KX 3.)4\.'\5) zu“Jl“
A (955098
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G, G

X-O system
X-0 ali

D @

Z-W system
Z-W ali

(=) ()a

Chromosome number system
9550981 daad) aldas
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MOLECULAR STRUCTURE OF
THE GENETIC MATERIAL

.50 591 Balall iy Sl s




10.2 DNA and RNA are polymers of nucleotides
At galS gud i padd gy (8 B ks LM Lial

= The monomer unit of DNA and RNA is the nucleotide,
containing

e cgiad AN DA gulS gl awd Ul g LAl B jaliili Basg w

— 5-carbon sugar 05l (plad S

— Phosphate group Sl gd de gana

— Nitrogenous base dyia g i Bac

= A sugar-phosphate backbone is formed by covalent bonding

between the phosphate of one nucleotide and the sugar of the
next nucleotide

Sy il galS gull) o) il 9B (et badil) Bl VL i gl g Sd) dgae (oSl
ALY B g€ gutl
Nitrogenous bases extend from the sugar-phosphate backbone
Sl gill g Suad) 2 ga8 (e Alin g il a0 g8 J0
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Sugar-phosphate backbone
ul.i.uﬂ\z)&ud\ 3 gas
Phosphate group

c_al.h.u‘ga $ada —_
Nitrogenous base
A g i Bl
Sugar
P Nitrogenous base
(A, G,C,orT)
dgiia g iyl Basld
i leotid G Ph hat
DNA nucleotide osphate group
||
e Lal) Bas galS gul \ y e f’m Hsc\C/C\N/H
y Y (l) cq <|:
T /. o=||=_—o CH, H™ N~ Yo
o) Thymlne (T
7 / \ ) Gl
i TN /‘.\\ I\l |
G ) e e
Y 2 T
-— 0 H
| Sugar (deoxyribose)
(JJ—\AU‘_,.«.HSﬁ GJS‘)JSMM
T ; —
N DNA nucleotlde
L) a5 5lS g

\DNA polynucleotide

Copyright © 2009 Pearson Education, [n&-hﬁ‘ u\duySSya KXY &

—

The structure of DNA polynucleotide
LAl ot galS gt dawlia S 4



10.3 DNA Is a double-stranded helix
b gl 7 9a3a Qo o8 B ke LAl

= DNA is composed of two polynucleotide chains joined together by
hydrogen bonding between bases, twisted into a helical shape

O A 93 Jadl g Gl Lgpdanay Juali i1l 1S gail) Adaa a Cpiliads (e Uil S5
P9 J8d 2 panl) Lpdrs s Adila Aniia g il 2 48l
— The sugar-phosphate backbone is on the outside
Q) g A Cligdlly Sl dgae 22 g —

— The nitrogenous bases are perpendicular to the backbone in the
interior

A20a B dgand) 100 o Baalata gd A g 2l aof gl L] —
— Specific pairs of bases give the helix a uniform shape
pliiia JSd g 3lal) Adana duald A8, phay Al g ) BaslBl) g3 —
— A pairs with T, forming two hydrogen bonds
A gya Cpibay) ) UgSh Cpadill e Gt ol 3l —
— G pairs with C, forming three hydrogen bonds

Al g dagl gy S0 U gSd (s gibaal) g Gl sl gl —
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0\\ _oH Hydrogen bond
-0~ \ 0'53)“

"“’g - ‘Q

Base palro
6491'5 CJJ-o

Ribbon model Partial chemical structure Computer model
Cowright@Z@'bwaltaaaw‘ u.}” C)A }jej ‘"f‘l"\,ﬁ:\ﬁ‘ %ﬂ‘ uﬂjﬂh CJ\,A-I

Three presentations of DNA
Ll JSEd (i g e A5DE



11.3 DNA packing in eukaryotic chromosomes helps regulate gene expression
) uatl) B asanl) L8 aelud B) odl) Aila CilliLS]) Cila g ) gag S (A Lal) Al

= Eukaryotic chromosomes undergo multiple levels of folding and
coiling, called DNA packing
Aol el Al g B g bl Cpe Sl gl Baay B 5l A8 K] Cilagigag S a3 m
Ly
— Nucleosomes are formed when DNA is wrapped around histone proteins
Al glensg ) s s 5l Jsa Bl calidl wie 49 i) ) oS5 —
“Beads on a string” appearance
“Gasall jebhe  —
— Each bead includes DNA plus 8 histone molecules
A e 8 G ALGYL Ll da IS Jai —
—  String is the linker DNA that connects nucleosomes
A5 oil) slua¥) G e Juay 2l dagl 1) Bl g Ll —
— Tight helical fiber is a coiling of the nucleosome string
43 lal) AaSal Aad e 8 ke Aypall pluall Lk —
— Supercoil is a coiling of the tight helical fiber
A3 5lal) LeSae Al Cilal) s ARHAY 453 —
— Metaphase chromosome represents the highest level of packing
(Sl 5 45 lad) g Gl Vs aall) daamil) Sl gl (e (5 e Aol )] skl o yses S Sl —
= DNA packing can prevent transcription
s ) dlae adad ) Lal) Al Sy
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11.3 DNA packing in eukaryotic chromosomes helps regulate gene expression
) aadl) B aSanl) 8 aelud B) o) Allia Gl Cilag ) gag S (A L) A

Metaphase
Chromosome

ol i) shall a9 909 8

DNA double helix . : :
(2-nm diameter) . Tight helical fibe
Lall & gajall 1 3tad 992 (30 nm @amqtef

(Nm2, 84l Linker f‘% € 39 a3

r— N\ : N ) B

INRREN D > ‘

“Beads on
a string

ucleosome
10 -nm diameter)

Supercoil

(300-nm dlameter)
AR 4G 31a) 700 nm

(NM300 _kill)
DNA packing in a eukaryotic chromosome

B gil) dolds culuilsl e\gj\ga\gﬁéﬁﬁ‘&im
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10.4 DNA replication depends on specific base pairing
dpbia g iadl) 3o g8l s Dol V) das guad o Ul G Ll (b gy

@ 0

=DNA replication follows a semiconservative model

— The two DNA strands separate
Lall Uad Jnsty —
— Each strand is used as a pattern to produce a complementary
strand, using specific base pairing
e gl o dal YY) pald aladialy Al JeSh Jad 2Ly QIS dad (S andiig g —
Azt 5 il
— Each new DNA helix has one old strand with one new strand

o Jad g a8 dand 4 o L gl JS —
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Untwisting and replication

of DNA semiconservatively

Al A4yl dde Lt g Lial) 40 jla ot
L daia

A
c
G
A
Nucleotides T
il 98 g
Parental molecule Both parental strands serve Two identical daughter
of DNA as templates molecules of DNA
g3 U g5 CnlES 4 o) bl (ha S pddioy Uall ¢palilaia a9 98 Ol S
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A template mode for DNA replication
Ll e lail Ul 73 gl



THE FLOW OF GENETIC
INFORMATION FROM DNA
TO RNA TO PROTEIN

Lol A Gl Cpe A1 o) cula plaal) 38
o g il




10.6 The DNA genotype is expressed as proteins, which provide
the molecular basis for phenotypic traits
A (bl 855 Al i gl ade jamg Lall S) 6l ¢ ol
Clisgll o gdall g oill

= A gene is a sequence of DNA that directs the
synthesis of a specific protein
O gl (e (ra €64 ol A gy Ul G Judid (8 B Jlee ()
— DNA is transcribed into RNA
LN ) Gl &l oy —
— RNA is translated into protein
Sl ) LY Aad 5 oy —
= The presence and action of proteins determine the
phenotype of an organism
Y (5 sgdiall £ ol ppan A4Sl (e Lgdildh ol Lgtian laa g i pal) o g0
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enoty

DNA
s &3-4‘

Lal)

Transcription gl

RNA WL X~ ™"

Nucleus 3 sl

Cytoplasm
aJ)-U-‘-V-‘S‘ Translation 4 il

Phenotype
s 4Bl £ sl

Protein (g

“FI6éw of genetic information in a eukaryotlc cell
Blodl) A8 8a A0S A A0 5l cula plaal) (3



10.7 Genetic information written in codons iIs translated into amino acid
sequences

Agaay) palaal) cpe claded ) cl i din Jo 4 giCal) A5 ) o) cila glaal) day i ol

= The sequence of nucleotides in DNA provides a code for
constructing a protein
O gsal) L da U0 A ) gl) ) pRAD) Ll B il gulS gull) Sl jo gy m
— Protein construction requires a conversion of a nucleotide sequence to an
amino acid sequence
Ariaal) Galaa¥) Jeadedd ) i) 518 gl Jualaads il ¢y g ol Uy culbay —
— Transcription rewrites the DNA code into RNA, using the same nucleotide
“language”
)i galS gall)”? A3 Ll aladiady Ul ) Bal) 3 A LS dodl) Agles aati —
— Each “"word” is a codon, consisting of three nucleotides
Alliie s gal gad DG (ha (9SE 3R (8 B le “Aals” S —
— Translation involves switching from the nucleotide “language” to amino acid
“language”
LiaaY) (alaaly) “Aal” ) culag ulS uil) “Aal” cpa Jgadl) Ao daa il Agles Jaidis —
— Each amino acid is specified by a codon
a4 duald 3 iy s (aela JS (aidy —
— 64 codons are possible
daiaa 5 4% 64 dua —
— Some amino acids have more than one possible codon
Alaiag 508 (pa ST Lgd Auiial) (alaal) (any —
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Transcription & translations of codons
445 ol) 3 Hadd) N S

T m

Transcription gl

¥

RNA Ul

\ J\
- - o Y
. B Coaon L RA{XEN
Translatlonlheﬂ‘ ?

e o o >
Amino acid =t paes
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10.8 The genetic code Is the Rosetta stone of life
Blall *audi) jaa dliay & 488l 5N il g

= Characteristics of the genetic code
480l Bl clial gam
—Triplet: Three nucleotides specify one amino acid
22 9 Al paalay awalial 4llile cilag gl gl A 1A
— 61 codons correspond to amino acids
AinaY) (alaal) aa 3 i 61 (gidaii —
— AUG codes for methionine and signals the start of transcription
Goil) dalaad gl B LG o g Gl gilinall AUG A —
— 3 “stop” codons signal the end of translation
UAA dax A dles pled) B LG ol g5 @l il 3 (ari —
UGA "
UAG
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10.8 The genetic code Is the Rosetta stone of life
Blall *audi) jaa dliay & 48l 5 AN il g

— Redundant: More than one codon for some amino acids
diaY) (alaal) (a5 8% (pe ST dagr a8 rcdy) A —

— Unambiguous: Any codon for one amino acid does not
code for any other amino acid

Al el Ghaala Y a2iiud ¥ A (alaal) (e oY 5 AG sl tph gl ase -
— Nearly universal
“ly &7 Jgadllg dpagarll —
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Dictionary of the genetic code (RNA codons)
ULl ) 287 40 1) 3 R aana



gl Cila glaall 3,4 Ja

.h':.
".?Au

Deciphering the genetic information in DNA
Ll

Strand to be transcribed
GA.A.\“ dzal) Jasdl)

DNA
A T| |G| |Al Al |G| |T| |T||T||T| Al |G

Transcrlptlon

RNA

\ J \ J \ J \ J
Y

Y Y
Start codon Stoiyc;odon
) 3 dd s 5 8
PR A Translation
dan i

¢ 0

Polypeptide
u\JZBJ\PAM
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10.16 Mutations can change the meaning of genes
<Gl uau o o) 3kl Say
= A mutation is a change in the nucleotide sequence of DNA
L) il g€ gad Jadai 8 S A 5 ikal) w
— Base substitutions: replacement of one nucleotide with another
DAL 25 S 50 Jladind dpae ) AalainY) —

Effect depends on whether there is an amino acid change that alters the
function of the protein
Y al gl dada s s el (el cllia OIS L e il adiey
— Deletions or insertions: Alter the reading frame of the mRNA, so
that nucleotides are grouped into different codons

a\)mgéaugsjgsﬁm@@g&;j,duﬂ\u)ﬂngﬂ\Juagﬁzau;z\jﬁu\ —

Lead to significant changes in amino acid sequence downstream of mutation
5ddall ddads Jauf 4] Galeal) dulus 8 40 sale &l yas I a5
Cause a nonfunctional polypeptide to be produced
3l ande ilariun damta U8 ) g2
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10.16 Mutations can change the meaning of genes
cliadl Ara il o) 3 dlall (e
= Mutations can be
i pdkall (o83 Gl (Say

— Spontaneous: due to errors in DNA replication or
recombination

Lall 48 ) o) culalazy) gl cieliad B pUadY daid ;4 ulali —
— Induced by mutagens
Q\M\.} Adatua —
— High-energy radiation
Bkl Je eladyl -
— Chemicals
Apilrasl) of gal)  —
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Normal hemoglobin DNA Mutant hemoglobin DNA

bl G ol gangd) Ui Al o ol gasgd) Ui
CTT CAT
2] e Jo |
w
MRNA MRNA
—‘ G A A ;‘ G IIJ/I A f
Normal hemoglobin Sickle-cell hemoglobin
bl (gl sangl Asladal) 4lA) (ol gad
Glu ] — % Val =

The molﬁecularﬁbasis of Sickle—cel[ disease
Adaial) 408N G el A sad ubaad



Normal gene

mbll ()
MRNA
Protein | Met = Lys 5 Phe 5 Gly H Ala
S
Base substitution
doae 8l Aalainy)
Types of
mutations and
their effects
<) ikl £ gl
; B Met Lys = Phe Ala
el : {msah
Base deletion Missing
L;ch\dﬁaj\ —ads

wet k- Lys 4 Lew | Aa H Hs |-
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Chapt. 8: The Cellular Basis of Reproduction and Inheritance
Ll el g Al o glad) Ll

C ‘IGAAA“

—lhaal) iy a5

Asexual Reproduction

i D) il

Sexual Reproduction

i) ikl

Binary Fission

“lpbial ) bl AU gad)

Prokaryotic Cell

51,91l A g LAY

Two Identical Cells Arise From One Cell

3&‘3 .'.' 3 ‘}A U.: :'LQ:A u..o*.o 3 @:&0

Chromosome 295498
Duplicates Ll
Copy f
Cell Elongates FREC BRI
Plasma Membrane Lol sld
Eukaryotic 31 ) Adda
Cell Cycle RES PP
Mitosis (Alai) My Audl) aludiy)
Chromatin Cila g 4810 Bala

Chromatin = DNA + Proteins

Clidg n + Ua= (piila g Sl

Compact Chromatin = Chromosomes

e g ga g8l = Agle da g (e g 8l S




C ‘LAAA“

—lhaall Ciy a5

Duplicated Chromosomes= Two Sister
Chromatids

Laga JS (il (pilaadile g S =ddoLilaal) Cila g ) g g S
ARG Jildia Uall e 2l g (55 (5.9

Centromere

2352981 (A Aludl) 4y 3 jall ddhaial)

Interphase Of The Cell Cycle

IR 59 B ) gkl

Of The Cell Cycle G1

Al 590 A ] saidla ya

S Ps Phase Of The Cell Cycle=Synthesis
Of DNA (Duplication Of Chromosomes)

cla g9 58l ddoliaa- Liall 3alds Al ya

G10f The Cell Cycle

A8 593 (A2 gad dla sa

Mitotic Division

(AL i) alodiy)

Mitosis=Division Of The Nucleus

31 9311 aLodal) = ,Ladl) ALARY)

Cytokinesis= Division Of Cytoplasm

(a5 ghaeal) ALY =a Dl gaadd) aluddi)

Centrosomes SIS pd
Spindle Fibers 4yl e Ja gd
Nuclear Envelope S5 S
Nucleolus 4y 6dl)
Spindle Microtubule A e 4880 il

Kinetochore

23554981 4y 38 yall dBlaiall B ASjad) Sy




= o a r—lhaall Ciy a5
Metaphase o i) ) ghal)
Anaphase (lad) ) ghl)
Telophase Al sl
Cleavage Furrow _paddl)
Cell Plate ag glAd) dadiall
Microfilaments 43841 Ja gaAl)
Growth gal
Onion Jea
Roots BYRTS
Meiosis (i) ) (I 35AY) aludsy)
Crossing Over sl sl

Chromosomes Homologous Pairs

ALilaial) cila g sag SN ) o)l

Gene Location On Chromosome= Locus

23550381 Ao Caad) Aling (A auda gall

Maternal Chromosomes

aY) a9 ga g S

Paternal Chromosomes

SV e g)gags

X,Y Autosomes

Al Cilagsag Sl ) 2o La lganan

Gametes

(zléwY) )  clasalal)




. aaall . Paaall iy 2
1n (Haploid) O i) 823 Aduall dipall galal
2n (Diploid) Ol (A 46 Apual) disall AU
Sperm s 5iad) &) gl
Egg dual)
Fertilization ladl
Zygote ((Apaidal) dagll) AaddU)
Coil it
Compact b giaa
Synapsis OBy
Tetrad Lol = clailag S ao )

Chapt.9: Patterns of Inheritance
a3 gl Jaladh

= Baaall —lhaall Ciy a5
Pangenesis O oSl At gadd 4y las
Blending SAER
Hereditary Material 40 ¢l BaLal)
Breeding Cmagall
Heritable Factors = Genes cliall = 480 ¢l Sal gad)




. Uaaall = Uaaal) iy yo
Self-Fertilization A Glady)
Cross-Fertilization (BRI Clady)
Offspring Jeadll = Ay,
Monohybrid Cross gl pags
Parental Generation 5 Jaadl
F, Generation Je¥I1 Al Jaa
F, Generation N A3
Trait ddua = 40
True-Breeding(BB Or Bb But Not BDb) Ol € Jaa) G
Phenotype s AUl Jaall)
Ratio dadl)
Genotype (i) Jaall)

Allele= One Of The Two Copies Of A
Gene

oY) a5 AT g Y (e paal g (s JS (e it B g
S Ongldda 1 568 O OSans Jadl pand Adeaad JS

Cdlidg
Dominant Al
Recessive (>iia
AA Or Aa Homozygous SNV Jilaia
Aa Heterozygous SNV alacia




A Pedigree adl) 3 e
Deduce bty
Bb Incomplete Dominance Al pf Balw gl
Bb Intermediate Phenotype By s sgtha bad gala

AB ( Blood Group AB) ( Co-
Dominance

dagadl) 0 pa ) ) AS yidia oabim

Recessive Disorders (Both Alleles

¥ Cebt¥ NS 05 O (e 2 Y ) adiall cily) jlaiY)

Have To Be Defective) (OPhery
Dominant Disorders Guaead 2a) 9 Jall JIA (A< ) Bailaad) byl ez

(sl
EXxpression il

Chapt.10 :Molecular Biology of the Gene
Gl 4k 3l L ol )
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Monomer Q5 5a
Polymer J4Sa
Nucleotide 55 galS g
™ 0 ool e ot a2 ® b o 0




C Yo aall

—lhaiaal) iy a5

DNA(Deoxy Ribonucleic Acid) =
Polynucleotide

(S (s 0omy g9 paaa) L

Double-Stranded Helix

b gdl) 7 9434 O

Chain Al
Base Pairing Lla g ill) 2o gll) 7 91 33
Gene Expression ol il
Folding, sl
Coiling ALty
Packing 4w
Nucleosomes 3y 553 alua¥)
Linker DNA 4395300 alua¥) (e Juay (o3 Jayl ) Ll
DNA Replication Ll e bl
Semiconservative Model (AdaT Aol ] gad
Complementary Strand Jash aad
Template lld
Sequence Sradaas
Transcription & Leaiiaa)
Translation dan si
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A Baaall r—lhaall iy
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