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&lygll dJT Gregor Mendel Jais j92u 32 c23 Loly Gig Cus ]l diyas § Cuaall dlygll ple L
63350 Wlowws dbunlg
eaSolw e Wy=illy ygm0ll Cisd Glogwgog Sl 8aolive o dgic 8xc 8 dilygll § din s Jaio job

159l igild 3yan) alsll agiell Jxie pasinl B

Mendel used the scientific approach to identify two laws of Inheritance

dlisy dalhse O)lai § Peas s3jWI dy 5 @iyb oe dl)gll duoluwdl ts3kall Jaio sl

Jlall Jpw Je g5 go 5L 8)95i0 Lgil 9o £3jll go Jasll )3 Jais @llall cred Gl obwdl 351
clay 905 Je 131 g sgizn Laiy «diilez)l )95 Je Gluoll a5 sgimy

ells § gois JS Character da—ols o i 6,031 ool Jio LYl g alizs GUI ca)gill dllall da_wll
Trait ddo Lawy je03l) pandl of (lez)¥l pell Jio duslsll

oo J-will oo 5usll 32llg Short generation time JasJl &89 pua8 o 3l plasiwd 553l Lijoll
29l Js

bl o Mating gl § yuS JSin Jaike @Sk of oXay 3 Je dgdle

dyawl) plalll Qgunl dxiio sluacl 5y0) JS G 326ig lo)lojl § 3Ll Ol dl wlidl cliacy] s>gs
(Carpel J)SN) dcugd!l Jomu guacg (Stamens

gitig &3 wll o plalll Lgi> Jius [Self-Fertilize JINI LS 35U Gl pgas Lo 8sle daybll §
dbySIl § 39290l dngul oo plalll Cgis (o disuiall dyyS3l 6lgillg lguas a3l § LSl Je

2é w3l dlih Jaie o8 (dalizell GULWI gu wLuosyl) Crosspollination LJau.lan.ll vy, " RETEENT)
o) JS yobiy o3 a3l ells Je y3T Ol oo 2l Qgim g b9 @ 2l Lgi 2] Ju8 wlill da sl
B33321 ye3ull diol o oy Je 515 Jaie 095 ol oSas JWhg 6y3ul I3l Gl oz J] 23U

Gl 93l Cils 13] True-breeding s Wl dsilgz)l Hlojl e sgimn s3I Ll iy JUall Juw Je
Lyl dylgz)l ylajl lg) @l Hogb I lgmsoz 6385 dbletall Juz31 & G131 pulil] Gyb o lgz k] eiy
dpilezl ylol Gils JUall Jaus Je -omitig cualizne £35W1 o aces pamgs Jaio o8 dyzdg0s diyzs &

JWl JSidl § LS slay loylojl oL
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F1 szl o hybrid offspring diangll 0g2)3 ((Parental generation
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APPLICATION By crossing (mating) two true-breeding varieties of an aad o A zatlils F1 (e Aadull Anag clilall lad) 3 ey
organism, scientists can study patterns of inheritance. In this example, F2 el clils As g 3l o Aaadle
Mendel crossed pea plants that varied in flower color. EXPERIMENT Around 1860, in a monastery garden in Brinn, Austria,
TECHNIQUE Gregor Mendel used the character of flower color in pea plants to follow

traits through two generations. He crossed true-breeding purple-flowered

plants and white-flowered plants (crosses are symbolized by X). The

© Removed stamens resulting F, hybrids were allowed to self-pollinate or were cross-pollinated

from purple flower with other F; hybrids. The F, generation plants were then observed for
flower color.

@ Transferred sperm-
bearing pollen from
stamens of white
flower to egg-

7\\ bearing carpel of AETITE 2
purple flower (true-breeding
2 parents) Purple White
2N flowers l flowers
Parental_ =
generation
(P)
F, Generation
(hybrids) All plants had purple flowers
© Ppollinated carpel .
matured into pod Self- or cross-pollination 1
O rlanted
seeds from .
pod F, Generation
RESULTS When pollen from a white flower was transferred to a purple *
flower, the first-generation hybrids all had purple flowers. The result .
was the same for the reciprocal cross, which involved the transfer of 705 purple-flowered 224 white-flowered
pollen from purple flowers to white flowers. plants plants

Geall S A g s 50 5 ) elaans 2 ) e U g JBs o Leie ilal
¢ Al gl Al Lok b Aacll culS Aula ] 558 5 Conell Y RESULTS Both purple-flowered and white-flowered plants appeared in

ebasd) jea 3 ) A s Y1 e 3l e U s S8 e g1 the F, generation, in a ratio of approximately 3:1.

CONCLUSION The “heritable factor” for the recessive trait (white
9 Examined flowers) had not been destroyed, deleted, or “blended” in the F, gen-
offspring: eration but was merely masked by the presence of the factor for purple

all purple flowers, which is the dominant trait.
;i;:te falit?:m flowers Aoty ¢ F2 Jaal) (Ao elaandl Al s (W) i) e JS & peda ilalll
offspring A3

(Fy)

(sbasdl ygn M) Asaiall Aandl " gy gall Jalall” yroi oy o AuaBlad)
235 U8 e e 25 S0y F1 dial) 4 Men 37 5 gt
_DAﬁL—J\ A all \;ﬂ, ‘ 4:\5‘)5)&\ )\A)'yl JALB

o L)las ©lghbs aubgy (1-1) JSis |
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ﬁ? The Law of Segregation :&ulanll Jljeil (jgila i

dgilgz)l ol d oIS F1 Jouws JS 1Blas dalizue donis oo @bl djymill o (1-F JSii) @Lul Jall § by
dyilez)31 )loj3l Jasy s3I cuallgl Al Jio Lalas

b auis ol oS FT @bl ol 0388 lgil of Snmgill diloe § crool @llg clawll jloj3l daal &3> 13k
dao @le loygiy )5 Gl ualdl F1 ol Jaie pew Leie oSlg F2 Jizll § diilgzyl jlojl ools dyys
F2 Ji2dl § Hoghll cbawll jgo3ll

ol Losic Lo diy yoy Fjmio olS aily F1 0l § wlisg @) slawll 9030 (hell dolall ol Jaio guiwl
139290 diilg>)31 8,031 Jole

diuo cLawll 805l g9lg @ dominant trait s35Lull disall g0 Slg=)3 8,031 gl (Jxie wlalbuao §

Fa .3 recessive trait dasuio
Generation
Dominant Recessive Dominant:
Character Trait X Trait Recessive Ratio
Flower Purple  x  White  705:224 350 | JS 'GPT vadibias cuw § dlygll bos Guas Jaio bod
color -
;% A> (-1 Jgazl yhil) podgy paidlisie puituoy dlias lgio

Flower Axial  x  Terminal  651:207 314 | SN 31dlgll b 2 i) 3 model 133905 Jio job

position X
3l go dyylad § F2 Juzdl u ylyoiwl dbb>d
lgio k.QJLJdl_JD Gl puolao dS?_J_)Tk.Q_JDQJ P9 Ygw
Seed Yellow X Green 6,022:2,001 3.01:1 the © | 'mel OS-’B 9® LQS?-JL)Q IG)SAJJI 3o
color @ law of segregation
Seed Round X Wrinkled 5,474:1,850 2.96:1 . - =
shape OlBMi3 Y] e dlgduno liund] po 63 Asiall gunill Hgl
" Alternative versions of genes digjgall Oléall §
fﬁ:pe inflated  x  Constricted  832:299 2951 .account For variations in inherited characters
> > S L @ 830301 08) cm 3293 Jliall s e
Pod color Green X Yellow 428:152 2.82:1 _)9-Q>_)l-l P‘2|9 d_u|9.>_)‘3| _)9—03_)-” L,Q_Q)Di ,‘~)'|“|‘>' e é
>~ OMIBL (2l o 833250 guuill 030 Louni .clawll
Stem x  Dwarf  787:277 2841 | ©Ologwgeg)Slb pggaall 3o k) LiiSes ool alleles

length

§ ©laigdSaull o dll w pe 8ylic gaz JS.DNAg

9@3 620 51509 Job Je pam0 gid0 9l iumo oo
olSall 130 § sgsill paasl wlizy ol ¢lay ell3 gog

soime & JUllig Ol yigulSaull J— sl s § W5

AL@}'" . . ".‘LIJ' . (r’_‘) . . .
oo FleRsERiE ey It cladl 8,031 Jlg dulgmy31 8,051 JJl .o loglasll

c35U1 bl
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Each true-breeding plant of the . /A "“
parental generation has two identical P Generation x 1 s
alleles, denoted as either PP or pp. / Aﬁ,u
Gametes (circles) each contain only Appearance: Purple flowers White flowers
one allele for the flower-color gene. Genetic makeup: PP pp
In this case, every gamete produced by -
one parent has the same allele. Gameles: (2L V4
Union of parental gametes produces \l/
F, hybrids having a Pp combination. .
Because the purple-flower allele is F, Generation
dominant, all these hybrids have purple
flowers.

Appearance: Purple flowers
When the hybrid plants produce Genetic makeup: Pp
gametes, the two alleles segregate.
Half of the gametes receive the P allele Gametes: e P (p
and the other half the p allele.

Sperm from

This box, a Punnett square, shows
all possible combinations of alleles
in offspring that result from an F, Generation (p
F, X F, (Pp x Pp) cross. Each square

represents an equally probable product

of fertilization. For example, the bottom ‘p
left box shows the genetic combination
resulting from a () egg fertilized by
a(p)sperm.

F, (Pp) plant

Eqggs from
F, (Pp) plant

(p
Random combination of the gametes

results in the 3:1 ratio that Mendel
observed in the F, generation.

b giyo plasuiwly Jaie ©)lad 25l ausgy (-1) JSi

Wl oli Glogwgogys

AMlg JS o 8a=lg ionzdl o
{oaadl ells oM LAyl 0do oowig)
ao90 § 03l 99 28 (F-1J)
g JWadl g9 LaS iguiylbin gume
Js=J true-breeding dadil o liLi|
oMY alizg 38 gl i Jxie diymi G P

daagll oLl g JWadl 9o Las
.F1Hybrids

& oldgzgall paldd3l pLs 13] LI
999 lao >l 18 (ublise asmdgo
121 IS ygho 3o Ll JJYI
280 ) g (aiiall J81 38l

2 31 ygho Je bgmlo
§ F1 obls eols welds Je Elig
dlozyl slojl Je goind Jate dyyai
99 doull ol gy poladl Jul¥l ¥

Recessive aiio clayll jlojdl JJis Dominant 35l

gl dL dasay a3l ¥l OT Je vai Oliall Jli=il ¢gil8 (Jaio g3ges o 33l il el
The law of .dalize gl el § 103l Log (giug gliodl (oS clisl pasll Lag by ge oM adi
Segregation, states that the two alleles for a heritable Character segregate (separate from each

97 dcugll J—osi . [35eg  other) during gamete Formation and end up in different gametes

>3 2Ll ginay s3I 2l ISU dyausdl ISJI G odezgall gul¥l o bid aslg Je ssiall glgsl
JJ3l 130 8 - duts dao Jooy L3l 031 ol 6l - disse dslsd disliaie Ol gl Gl G 1S 13] @l

00 50% 18 izl OULII G JIUl 9o LaS dalise @Ml 3929 dl> § o9 .zLuiedl gras § A2lgi Lw
oaiall JW¥1 Lalis 50%g Sl JJ¥1 LAl zlivall

31 (St gl 3480 o gog PUNNELt g1y0 ol 3wl Wlegazall 03 (M-1JSub) JWI JSil| pusgy
By lgd Guadl Syl 9% LT o (gl o Jauil

10
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recessive iio Ju3 .2 0 8,54 a dominant allele A5Lw Jui Jl oy Fus 18,> PRCVan Wl sy
allele

o)l e sgimiw @blill 03 ol puslgll pog tdle=y3l o3l (o aldl GBLUl gy ¢1yg a8l F2 Jwill &
dyilgzyl

¥ dplem)l o) Je Lyl olilull 0de seimiw Ly 6,05 Jylis duloz)l 6505 Syl &g F2 Jowill s
B335kl dauall

dyiiol| désall Lo yghiuwg £lawdl 8031 (o ol F2 Judl g3y &g il5us

F2 iz § lghsd Ul olawnll o 311 duus Jtos Jaie gdges ol .Jlg

Useful Genetic Vocabulary :03190 diiun <ilapas n

§ Homozygous Wg=aujll Jileie Lo dyolsd déylaiall WM (1o 29j Le Soiu s3I oW1 o] JLay
Loz (PP) 35Laadl JW g2l Jilaio lg=)8l 351 s g (F-F JSb) @aluwdl Sl § 9281 Jan|
{pp) el JJW wgzujll Jilaio pandl Ol o9

Phenotype Genotype
| % L JBlese e il stlise ol e gei 631 039l o] Uy
J Heterozygous Gg=u il

3 Purple % beter g0 dbwlg) pg P Je digizall gline3l oo JS 2] pis Jliall Jpw Je
P Pl diogl OBLU G131 aualil ge gy JWlg F1 disngll UL

- % etz clag ylojly dilgz)l Hlojl I3 &)

o B Olino i 3 datallg 835l @MW dalisall sl o

{ RS A } S ygho oy suad W18 1ell) duadl diassyi e L1 Lol i)

dy ygboll jybll Lo Gllg gitasMe oSay Gl wlaall gl ol
.Genotype duazll jHbll Lo Gumll cusyillg Phenotype

bl puai Lgh Ppg PP 0l g8 3Ll wlils § 85031 gl dl> §
walizo Jhell 51kl oSy (le2)31) s gkall

F2 Jazdl ol duigmllg d ygboll bl pasy (E-1JSk) elolol JSidl pudgy

ik

& yghrall 5kl by (E-) JSid
35Ul o G Jual L duisllg

The Testcross :(5)linl aualill) aglyll LSl

ol 13] Lo dd)ys0 Liiey 3 .duilez)l jlojl e sgizu s3I "Mystery paoladl” cdjLl ols Wy of yoieil

09 oo (Pp) Heterozygous Ggaujll JSloio jut 97 (PP) Homozygous Wgzu il JSleie wlull 3o
Glozy¥l 5r8b0dl bl puis Lagie i omiuall oaibbll S oY 8031
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e 512 glitne¥l bid giagw sy (pp) )loj¥l panl Ol Oldl 130 auali likey «Guad! jhiall 3yl
(1-1JS) (p) ausal | JuJ3I

Testcross ggljdl )Lus| dule @lbd aiiall JSlaiall Wgauill go Bgyno ue Guall ojhb > oIS pudli
clols) dogo AN Jli g Testcross )izl Jaie )il .2l (i1 g Guadl bl e @iy ol oSas 4i¥
(1-1JS) 5g)l

APPLICATION An organism that exhibits a dominant trait, such as .
purple flowers in pea plants, can be either homozygous for the domi- ek s3I Gl I 9 ol oSes (@bl

nant allele or heterozygous. To determine the organism’s genotype, ge-
neticists can perform a testcross. oblo @ LJ'SDng JS-‘”)“ Lo 6351 ) doew
TECHNIQUE In a testcross, the individual with the unknown genotype . ; R )
is crossed with a homozygous individual expressing the recessive trait e gl ML wdl JIW Slusdl Jlaso Lol ¥ jLI1

(white flowers in this example), and Punnett squares are used to predict

the possible outcomes. Ujl_il.l I ‘ _'f_,:dl x J ol 1 J_’me

% % 2ol ylas] elha] @l slalel oSay )l

Dominant phenotype, Recessive phenotype, 9_'\ _\)_(;_]l ongs @i ,asl}tjl _)l QS | 8 d_u_q_dl

unknown genotype: known genotype:

PPor Pp? r JSlaio 3,8 go Ggyeall yué Gunll baill

Predictions cboudl ygo 1) disisial | doud | ¢ye a2y Olusdl
If purplg-ﬂowered or If purplg-flowered
parent is PP parent is Pp Punnett ULQJ).D |°| e | P*JS :(dluo.” 3o 8
_Sperm_ _Sperm_ )
() (2) (z) () «dlaial | 2ot b gaisd)
o s o % T T
Eqos Pp Pp e Pp Pp Olgudl oo sl go @il diylbae daxi:zolill
@ * * )| > | &> G Pp ol PP Lol) Bgymall e sou¥l Ghell bodll
Pp Pp | pp pp " ; ;

oo gLl Lgss Lilas Lasdl 1ie § (JLell lis
RESULTS Matching the results to either prediction identifies the un- A - A
known parental genotype (either PP or Pp in this example). In this test- oS .dyilgayl Loy lajl dis JI yloj3l paml wls
cross, we transferred pollen from a white-flowered plant to the carpels

of a purple-flowered plant; the opposite (reciprocal) cross would have .. . PR .
led to the same results. ouad JI —@"‘S-QJl a__;._o_].dl S 9 ol oSaall o

LEER - BBSSH =

All offspring purple 1/2 offspring purple and
1/2 offspring white
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The Law of Independent Assortment :y=J| g jgil 09l »
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EXPERIMENT Gregor Mendel followed the characters of seed color and seed shape through the F, gen-
eration. He crossed a true-breeding plant with yellow-round seeds with a true-breeding plant with green-

wrinkled seeds, producing dihybrid F; plants. Self-pollination of the F, dihybrids produced the F, generation.
The two hypotheses (dependent and independent assortment) predict different phenotypic ratios.

'
P Generation YYRR @ B
v

v
Gametes @ X Q

F; Generation

|’Fw\ YyRr
N 4
Predictions Hypothesis of \ Hypothesis of
dependent assortment  independent assortment
Predicted or =
edi
offspring of Sperm '/‘ ‘/‘® ‘/“ ‘/‘@
F, generation , /z - /z@ I I
a 4 A 4 o/ e/
fﬁ LY Y YYRR | YYRr | YyRR YyRr
@) @ | @ =T =
() YYRR | YyRr '/.@ O 6| Y &
Eggs I e YYRr | YYrr | YyRr | Yyrr
1/ Nt/ 99 (A | B
YyRr | yyrr ,,,@ > AR 4 O O
+Q B ST
9 Yo FIRICIE
. . /4 ~— =
Phenotypic ratio 3:1 YyRr Yyrr | yyRr | yyrr

%he 'O 3/ O 3/ 3 ‘/15@

Phenotypic ratio 9:3:3:1

RESULTS

315() 108 () 101 @ 23

CONCLUSION Only the hypothesis of independent assortment predicts the appearance of two of
the observed phenotypes: green-round seeds and yellow-wrinkled seeds (see the right-hand Punnett
square). The alleles for seed color and seed shape sort into gametes independently of each other.

8 yinia g2 RS gale 4y jelae alail ) gedy L el a5 5l dpia 8 Jash 1 AuadA)
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Phenotypic ratio approximately 9:3:3:1

0Pl oy bo gog dawall Al dipmgll OUL Jaie ©)yld pudgs (V-1) JSi
2l 2yjeil

ibgll cilyalyllg aglall slalg

dholl GWI digild Jaio 33>

8) 3l USivg 6y 3l yol Jio
obblall Jade uy)lad a=j
LaJ Lis Ll dasall dls digmgll
et 8.!_)9.!" UQJIS 03| duous
.independent assortment
00 29) JS" ol Je waws @llg
Jiiuo JSin Joobiy M3
O g0 )3T 295 US oe

each  "zlio¥l g clis
pair of alleles segregates

independently of Each
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The Multiplication and Addition Rules Applied to Monohybrid Crosses:
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Probability of YYRR = '/ (probability of YY) x Y4 (RR) = ‘s

Probability of YYRR = '/2(Yy) X 1 (RR)
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+1/16 = dl5 16 (o 83>lg dul> iy Punnett 2130 § YYRR Gull jLlI
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Jiloso yu¢) 33 wwe £hi o 0)g3ug diilg=)l oylojl Trihybrid wlaall J35 guzme £3jb Ol zglss liged
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ppyyRr s (probability of pp) X Y4 (yy) X & (Rr) = Vs
ppYymr i xlhs X4 = Y6
Ppyyrr 1 X1 X = %Ae
PPyyrr a X Y2 X ' = Y6
ppyyir - Y X X = Y6
Chance of at least two recessive traits = %6 Or %4
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inheritance patterns are often more complex than predicted by simple mendelian genetics:

i! Extending Mendelian Genetics for a Single Gene :aalg (1l duaiall dlljgll alc ;.l;.o.ii

gl blail ge 3519 gaz o33y Gl Olaall dilyg Gymis
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Red _ White
CRCR X
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F, Generation

N
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(a) The three alleles for the ABO blood groups and their
carbohydrates. Each allele codes for an enzyme that may add
a specific carbohydrate (designated by the superscript on the
allele and shown as a triangle or circle) to red blood cells.

Allele JA I i

Carbohydrate A A B O none

(b) Blood group genotypes and phenotypes. There are six
possible genotypes, resulting in four different phenotypes.

Genotype | 4/ or /4 | [B]E or [B; B
Red blood cell
appearance
Phenotype
(blood group) A 8 e 0

832910l WY Je JliaS ABO pll Glegamo pubsy (1+-1) JSis
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i! Extending Mendelian Genetics for Two or More Genes:{iS1 gi (tiual dulaiall ailjgll ale ;.p.o.ii
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Nature and Nurture: The Environmental Impact on Phenotype:

Many human traits Follow mendelian patters of inheritance:
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The effgct of gnylronment on .phenotype. _ glo¥l abhsa c

The outcome of a genotype lies within its norm of reaction, a phenotypic .
range that depends on the environment in which the genotype is >3l
expressed. For example, hydrangea flowers of the same genetic variety &l ell3 o eodlg
range in color from blue-violet to pink, with the shade and intensity of A3l 0 0905 o)
color depending on the acidity and aluminum content of the soil. © ) Oe 0 .
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Pedigree Analysis :allludl hiha o 3
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[] Male [O] Affected
SS9 male

O Female @ Affected

ol _female_

Llas ol

1st generation

(grandparents) Ww

2nd generation
(parents, aunts,

and uncles) Ww

3rd generation
(two sisters)

Jalsl=

ww

s

ww ww Ww

(O

Matingzyl»

Offspring, in
birth order

(first-born on left)
Sl Agan J¥1 Y 51 i (s ya gy 11

B0 (@

ww Ww
Ww  ww

o &

- wW  ww
- or
Ww
Widow's peak No widow’s peak
(1-1) Jsoe

(a) Is a widow's peak a dominant or recessive
trait?

Tips For pedigree analysis: Notice in the third
generation that the second-born daughter lacks
a widow's peak, although both of her parents had
the trait. Such a pattern of inheritance supports
the hypothesis that the trait is due to a dominant
allele.

If the trait were due to a recessive allele,and both
parents had the recessive phenotype, then all of
their offspring would also have the recessive
phenotype.
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1st generation (O B
(grandparents) Ef Ef Vi

2nd generation
(parents, aunts,
and uncles)

FForEf ff ff K

3

3rd generation
(two sisters)

Attached earlobe

(b) Is an attached earlobe a dominant or recessive trait?
Tips for pedigree analysis: Notice that the first-born daughter
in the third generation has attached earlobes, although both of
her parents lack that trait (they have free earlobes). Such a
pattern is easily explained if the attached-lobe phenotype is due
to a recessive allele. If it were due to a dominant allele, then at
least one parent would also have had the trait.
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Free earlobe
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Albinism: a recessive trait. One of the two
sisters shown here has normal coloration; the other is albino. Most
recessive homozygotes are born to parents who are carriers of the
disorder but themselves have a normal phenotype, the case shown in
the Punnett square. 3 3
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Sickle-cell Disease: A Genetic Disorder with Evolutionary Implications:
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Sickle-cell hemoglobin
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Achondroplasia: a dominant trait. Heterozygous Gliuall Q.J.\l ioll

Dr. Michael C. Ain has achondroplasia, a3 form of dwarfism caused by a

g 5 p3all srgball Lkl agasd

of bone defects caused by achondroplasia and other disorders. ISl |

dominant allele. This has inspired his work: He is a specialist in the repair

The dominant allele (D) might have arisen as a mutation in the egg or

sperm of a parent or could have been inherited from an affected parent,

as shown For an affected father in the Punnett square.
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Starting with two true-breeding pea
plants, we will follow two genes
through the F; and F, generations.
The two genes specify seed color
(allele Y for yellow and allele y for
green) and seed shape (allele R for
round and allele r for wrinkled). These

two genes are on different

chromosomes. (Peas have seven
chromosome pairs, but only
two pairs are illustrated here.)

F, Generation

LAW OF SEGREGATION
The two alleles for each gene separate
during gamete formation. As an

example, follow the fate of the long
chromosomes (carrying R and r).
Read the numbered explanations

below.

@ The R and r alleles segregate
at anaphase I, yielding two
types of daughter cells for

this locus.

@) Each gamete
gets one long
chromosome
with either the
Rorrallele.

Gametes

Q-OULy
NSMO
«cilaguwgoagysil elglw ,a gslall lguwlul dlsiall ailgll

mendelian inheritance has its physical basis in the behavior of chromosomes:

Green-wrinkled
seeds (yyrr)

Yellow-round
seeds (YYRR)

Meiosis

Fertilization

Gametes

All F; plants produce
yellow-round seeds (YyRr).

Meiosis LAW OF INDEPENDENT ASSORTMENT
Alleles of genes on nonhomologous
chromosomes assort independently during

Tw?oﬁc;gclaély gamete formation. As an example, follow
P both the long and short chromosomes
arrangements

along both paths. Read the numbered

f chromosom: 5
U LI ELES explanations below.

at metaphase I

© Alleles at both loci segregate in
anaphase 1, yielding four types of
daughter cells, depending on the
chromosome arrangement at
metaphase 1. Compare the
arrangement of the R and r
alleles relative to the Yand y
alleles in anaphase 1.

Anaphase 1

along and a short
chromosome in
one of four allele

R\K ® @ \\y & \R é} combinations.

J AN J

\H/ @ Each gamete gets
y

F, Generation

€©) Fertilization
recombines the R
and r alleles at
random.

(®) 1 () AD) s (3R)

An F, X F, cross-fertilization

©) Fertilization results in
the 9:3:3:1

9l D -3 S 3602 -1 phenotypic ratio in
- O =) @ the F, generation.

2l ©logaugog Sl Aol pumgll dauall 455 Jaie Gliymngs 3o @il by i oo .J3ie oailgi) ogawgeg Sl pulwl
Jh=5dl yanty | Jbaasdl johll sl lgisiog Jlpsdl oluwisidl go | Sleiwdl jehll § Slogmgeg Sl caiyi o] Jljisl pLudsdl
el gog 2Linodl o cuegs F1 0ls § Jlisdl oluisl guass dls JS g lghing 934l o9l Jl go oM 4ol gajsills
pow509)SI O iy oY dayy¥l zLive¥l glgil grom cpo diglusio B1acl g F1 0l JS o8/ bl gread aitiul Olusy lied 13]

The chromosomal basis of Mendel's laws. Here we correlate the results of one of Mendel's dihybrid crosses.

with the behavior of chromosomes during meiosis.The arrangement of chromosomes at metaphase | of meiosis

Jlei>dl § digluio 095 JoBl yehll § dlyal

and their movement during anaphase | account for the segregation and independent assortment of the alleles

For seed color and shape. Each cell that undergoes meiosis in an F1 plant produces two kinds of gametes. If we

count the results For all cells, however, each F1 plant produces equal numbers of all four kinds of gametes

because the alternative chromosome arrangements at metaphase | are equally likely.
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Morgan’s Choice of Experimental Organism :d)ylaid ¢l>)g0 oylisl I (Bl »
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Y p9—wg09)Sg 3=lg X pgwgeg)S )9S3illg Homologous dblaiall X tilog wgeg)S po 5gj 3l elliai
Aolg

degiio Olawo Je Jgazll § 8yus digsio pléygo azlg
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Morgan's first mutant. Wild-type Drosophila | cail i
flies have red eyes (left). Among his flies, Morgan discovered a mutant “S‘)JJ &SJJ oo J

male with white eyes (right). This variation made it possible for Morgan ¢ oM I3 J] jooym Liagasi dudbg oleygo g sl
to trace a gene for eye color to a specific chromosome (LMs). B N : oo )

08 (e () ¢ s (5 LQJWild.type Drosophila 8 sl AJ,;'MMJJI ulJ.)J a_ullg LQLb.J k,LC PJD&.\_MU leJ 3 LS\” DFOSOphIYa

CIXEYI 0 () b g i 5 e g0 G g3 5l ok e L
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@ (non-wild type ‘SJJJ.I.C &9.)) dlg>io dgi 00 0jlo)
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Correlating Behavior of a Gene’s Alleles with Behavior of a Chromosome Pair: 3

JH31 o1 Ul i Lo slyos F1d1)3 gron ggac cilS . guiusll slos &l go cuissll cbiaw &1b3 pleygo zolj
Wild-type allele is Dominant 3Ll 92 syl ggill (3o

In a cross between a wild-type female fruit fly
and a mutant white-eyed male, what color eyes
will the F; and F; offspring have?

EXPERIMENT Thomas Hunt Morgan wanted to analyze the behavio
of two alleles of a fruit fly eye-color gene. In crosses similar to those
done by Mendel with pea plants, Morgan and his colleagues mated ¢
wild-type (red-eyed) female with a mutant white-eyed male.

Genel:ation Q 1& x rﬁ g

Fq ‘l All offsprin
Generation @ had redpeyegs_

Morgan then bred an F, red-eyed female to an F, red-eyed male to pro
duce the F, generation.

RESULTS The F, generation showed a typical Mendelian ratio of 3 red:
eyed flies : 1 white-eyed fly. However, no females displayed the white:
eye trait; all white-eyed flies were males.

Gene?ation Q @ Q & & (of ﬁ d

CONCLUSION All F; offspring had red eyes, so the mutant white-eye
trait (w) must be recessive to the wild-type red-eye trait (w™). Since the
recessive trait—white eyes—was expressed only in males in the F, gener:
ation, Morgan deduced that this eye-color gene is located on the X chro
mosome and that there is no corresponding locus on the Y chromosome

P X wt N ~ X w
Generation X g=—p @ X i Y &9
oA
e Sperm
Eggs - - — -
F1 N 14 - w
Generation  (e=p =
o 2 e
Sperm
TN W
. ==
2
Generation v o =9
/ w
i =
5 e

dgslall b3 e pléygo Lyl pudgy (-1 JSib)
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(XY)
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Sex-linked genes exhibit unique patterns of inheritance
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135 69 dyyghrall bl yiST o 62519 g8 LUl of 15953 LiS clgwn
elwill ou dyzglosmallg disgy sl Goyall ol o eyl Je Ly
g5 by puizdl 335 ogwgoeg Sl pulwdl ol 3] Bgae Jloyllg
Lo

i)l ©logwgog Sl oo plegs Jlio ()33 Olyadllg yiull §
X pgmg0g)S 30 iy y20l Y pguwgag,Slg Y g X y dg)ysall
35lgg L3l o 35l X SlogwgogySl (o euisl Gidl iy Lo B3le
2219 Y 0guwg09,Sg A>lg X pguwgeg)S Je Sgizn ;S Lol 03] (o
624>9)l @bliall Lo Y pg wgeg)S §sb o ¢l § paill el
X o dylsoll gbliall go dusilaioll

Jio Gpailly ohid3l jgSUI @ Yo X wloguwgogySl homologous regions duilaiall £33 030 pouws
Testes gaiwadl § Guaiall plwdidl Uil homologous chromosomes duwslvioll Glogwgog S
elwdidl JMS di izl Ologwgog)Sl Jj=i wlyadl § Ovaries ga—darollg Testes guiaaoNl §
Olilgaal puudis (hlaall §g 13219 X pgawgeg)S Je ducngy JS i lgio 13219 auine JS kg ool
Je Gz )33l b aillg X pgwgeg)S Lo gz ySAl gy Gl digiall LM @ os :ouidd ] digiall
Y pgumgog)S

ol dudug cusasi § X pgwgeg)S Jod digio dids camad 13] i aal dilag S Jowd JS' i @S liSey
0l ddng) Lo Y pgwgeg)S e Sein digio duls caold 13] Lol :Female Gl XX o dailall duayl|

Male yS3 XY o didloll dal

- a fifty-Fifty chance Wil Guoill dioyd - & o dllue Guizll 3355 ol . Jlbg

B3 Jsidl puogy .puizll s 3u=gll Gogwgog Sl pladl puy Wlpaill X-Y el ol Jul gl § by
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Sperm F99 buiyoll gadl) izl Ologwgeg)Sll

i Lo—wig .(Sex-linked gene yumixJL
Q

g
Zygotes (offspring) WlianJ) Y pg—wgogysdl Je 63g>g0ll
(a) I:e X-Y system. In mammals, the sex of an offspring grege:ds .(Y—/inkec/genes Y_ i ' j.o//

gvoz Jl W3l oo Y pg—wg09)S 50l piy
& 22 22 - o |3 3 I s Ul Sl
33373 ¢ o 00 132 Jald sac 3929 Llaig yesall diliy
dic 952 dpJu Y-linked genes

W
w3l I O3l o Jasws &l ablbosdl
(b) The X-0 system. In grasshoppers, cockroaches, and some ULC o d 2SO0 6\] :

other insects, there is only one type of sex chromosome, the X. 1 TRE
Females are XX; males have only one sex chromosome (X0). Ja> dlulS Y pgwgeg,
Sex of the offspring is determined by whether the sperm cell

contains an X chromosome or no sex chromosome. O o e &SJ—“““ X PS—“’S”SJS SH=
{—o—wl g;\_“g O——=> 1100 (o

(X-linked genes X dhirall ilusJl)
/llr ;
. Q o3

(<) The Z-W system. In birds, some fishes, and some insects, the
sex chromosomes present in the egg (not the sperm) determine
the sex of offspring. The sex chromosomes are designated Z
and W. Females are ZwW and males are ZZ.

32 16
@ @
@ (o3

(d) The haplo-diploid system. There are no sex chromosomes in
most species of bees and ants. Females develop from fertilized
egqgs and are thus diploid. Males develop from unfertilized eggs
and are haploid; they have no fathers.

A\
“:’}.

il e gus g g S 30 ) a8 Y1 a5 Aa gen g g S (i) pans Al (ylany
O Al e ading il G810 XY s ¢ RSN A0 8 5 ) geadl g1 501
gy e dadd Gy ¢ el il gua e g SN Sl gana 230 5 X il gus gy S 00

Y pasas S
Some chromosomal systems of sex determination. Numerals indicate

the number of autosomes in the species pictured. In Drosophila, males
are XY, but sex depends on the ratio between the number of X
chromosomes and the number of autosome sets, not simply on the
presence of a Y chromosome.
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Inheritance of X-Linked Genes :X 3 dlbuiyoll OGlaxJI dilyg- 3

Ol g X GloguwgogySIl 8 /puizdl 3323 @ Y-linked genes Y s dbdyall olusdl plhso 3clns Loin
dilygll oo uas yiudl 3 X-linked genes X o dhdyall Oluz] g5 izl dbuiyall e Olaall (o a2l

.Drosophila dgslall &L § aw)> sHI cu=ll yg) oge § uléyge diamd sl

el go sl dl uwd oS &Pl pgily groz JI X-linked alleles X 3 dibuiyoll OMIBI oo U3l pgé)
JSil § pidgo 90 LS liyly slu¥l o JSI X dbuiyall ¥y 05 &lgolll ey (iliall § )gS3ll

(€-F JS) . J|

QXN x Xy | 3

\f

@\/ ®\/ Sperm
Eggs@ XN [ XNY
@ xan XNY

(a) A color-blind father will transmit the
mutant allele to all daughters but to no
sons. When the mother is a dominant
homozygote, the daughters will have the
normal phenotype but will be carriers of
the mutation.

GV i )1 ey ladll )
AL | PR PSS PRLS EHIEPEN g S
3Ll s pa 311 Auilaia 21 5S35 Laie
SRl el § s Sl Gl ¢

Ol (S (S k) (g jelanl)
RPN

Qx| x| XNY |3

\f

& sperm
Eggs @ XNXN| XNy
() | o

(b) If a carrier mates with a male who has
normal color vision, there is a 50% chance
that each daughter will be a carrier like
her mother and a 50% chance that each
son will have the disorder.

o g el s 8yl Can g 35 13)
BIAE A.u.u.\d\.a:\;\.ﬂhpc\;a_ﬁub
da i Lgtall y Jie dlala dnl S (55
138 e 0l JS lay o 700 Aty

2l ksl

Q[x¥xr| x [xav| 3

Y

@\/ ®\/ Sperm
Eggs XN | XNy
() e ey

(c) If a carrier mates with a color-blind male,
there is a 50% chance that each child
born to them will have the disorder,
regardless of sex. Daughters who have
normal color vision will be carriers,
whereas males who have normal color
vision will be free of the recessive allele.

S e gyl AL 5yl g 319
Jlaial Slligd ¢ CJ‘)IS“ = Slas
Class 4l algs Jika JS o 70 dausy
o il g ¢ Gl sl g
TRE RN JE R
e paall Ol (S daanla
Ly e ol )5S G

SV e s 058 S Amils
oaiid)

X powgeg,SIb dbuiyall wlumll dilg) dliel pas) puog) H(E-F JSib)

Srgball jhall lgde yghaw Sudl o8 .recessive allele (2o d.,..li oc dxib X 1 dbudyell daall cols 13]
.JJ3¥1 13g) Homozygous OlusJl diloso culS 13] bhad

JSleio yutg9 homozygous Oliuall Jileis (uolb ol L8 bbid 3ol 2 bg0 agiad joSiUl o3 I3k
Jio @ eAxluy Hemizygous albuao (X ) dbyiyell pgilus wiog) pasiwi 3 heterozygous Oliazll
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. X-linked disorders X pguwgeg)SIL dbuiye OULIbUSL Wbloo G| Jls
X 2 dbuiye dauaS La51s diygi piy wnas Olbusl Color blindness olgldl Lac . Jlall Jumw Je
&l JSitd] § LaS (o yall dlol> dizg) 0eSi olgl3l Lasy wlioo WY Glgl¥l Las) dloall dudl Mgs 38
W)=} X-Linked recessive disorder X pgwgog,SIb buiye it b sl g0 Hemophilia L9g.ougll
Blood clotting el W dojMl ©liugyll oo yisT gl aslg Ll
Jia3 3 85le dalal 0asS5 £l uuw dgh 6yia) il yaiw Llideasgll Llas yos il oo loaic
dl 538 ol oSasg 850 195 ol pSay Juolaoll of elasll § Wil oS A i Ml § 6psall pgyall
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X Inactivation in Female Mammals :Oluaill OU] § X pgwgog)S Jubsi-t* -

W3 - s3I S (o Brgygall Sasll dins - X Olog gyl o il il elld § Loy wilpaill &L &y
daiyall sl dboawlgy 8l Wligig ! (o HoSil deivas Lo Wb giuad GUFl cilS 13] lac Je L 18
X2

25l Guizll yghidl clisT Oy il &L G dyls JS § 3519 X pgwgeq)S Inactivated Jabss oy @blgll §
.Early embryonic development

pbso o (6a>lg d3w) EFFective dose dlledll deyall usi joSidlg LRI LM elliad el 3] doyi
X-Linked genes X pgwgeg)SIL dbuiyell OlaJl

Olyz phso oo yusill ai 3. Barr body)b plwal ey § G581 LIS go dyls JS & buill e X wisk
Db puus JSiy VI X pgwgog,sll
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X chromosomes
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black fur

Cell division and

X chromosome

Inactivation

Black fur
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/

~Inactive X\'\\m
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Orange fur

— Allele for
@/orange fur
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X inactivation and the tortoiseshell cat. The tortoiseshell gene is on the X
chromosome, and the tortoiseshell phenotype requires the presence of two
different alleles, one for orange fur and one for black fur. Normally, only
females can have both alleles, because only they have two X chromosomes.
If a female cat is heterozygous for the tortoiseshell gene, she is
tortoiseshell. Orange patches are formed by populations of cells in which
the X chromosome with the orange allele is active; black patches have cells
in which the X chromosome with the black allele is active. ("Calico" cats also

have white areas, which are determined by yet another gene)

bl Glbing « X pg—wge9,SIl e golll gl (p2 A2 tbbill go £85 § X Jubosi
ol elyall 15319 JUiyl £lall laoss]  publize gald] ez gl elli) g 0lall
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Linked genes tend to be inherited together because they are located near each other on the

. chromosome:

G3l gl lio e pgwgog)S JS sgizy @dlgll § log wgegySil 3ac go i pST ddsll § wluzll sac
(Elwl Y pguwgog Sl yuiey) oluall

1Sl dboll heuall § leo Ojyloill U] pouwgog Sl pusi e ol lgasy o )l 83920l Gl Jual
Linked genes dbuijyoll Glusdl ouig Wilyg dbuiye wluzdl 0de ¢l J&y

Je a>lg guz Jl jis GJlg sex-linked gene gL buiyall gadl Olalb ow g G4l b3d)
ot e liall oo 4T of guisl J 6yl § linked genes dlbuiyall Glazllg ._swiz> pgwgog)S
(8o Oylgill ] Jsod Gllg pgmgog,l

&9l gl Jaie gild lgile @ubois ¥ ol o8 | S HI 0yl § dbauiyall Ol dilygll clale @il Loaic
.independent assortment y=JI

i! How Linkage Affects Inheritance :dilygll § blj)3l )55 uusi

oleyse WS go 6y dyas yamas lies ializne paias dl)g Je ©linall on bl 5 WS Byei G
.Drosophila Mudgwg) Ml dgSlall 4L e

Two glalise HLIS—b gljhb Lagie JSlg 2lindl azog pwall gl Lo wlaall 4o dllsll ode §
.different phenotypes

0o goill 130 J] LRl Leub s WIS dxizlg dsloy plusl o Wild-type Flies gl g9il o CLAI
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F, dihybrid female
and homozygous
recessive male

in testcross

Most offspring -P JSoi)g (-1 JsCi) . JBd 1 Jsoall
P Jus e 8ylie olS Jo¥l (V

gl déall G5 LLI g

dgslall b Je pleygo ohal g3l gglil s | auog) :(1-F Jsiv) Jo8l zglull yLusl LS jllg JF1
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Lo 83le glixdl p>g puuall (9! oi ole)ge piiuwl 13Sog . Testcross gglji ylisl o5 Gllg F1 pumgll JUS
togmgg)Sll puis Je pasdl lpas) go dyd wlauall 0de Wliyz ¢¥ 8330w Wlegazo § 5o lagh)gi ei

_)A\ﬂ oS \5}», ¢ Liﬁ\»), Umi).. CL\;.“ A g P“‘"?M d}“ Cliaa, CilS \.)) L iﬁ)a.n O .)l‘)‘ ;1._1).;‘.]\
C(23ul) b s () bY b amal) sl oWV il o2 A1 o el i Cai ¢ ellig
(5);uua AA.\A\) Vg 3 (\_,5'“'9) vg+ & CL\;.“ FEEN) Lalall ém}
EXPERIMENT Morgan wanted to know whether the genes for body color and wing size were genetically linked, and if so, how this affected their in-
heritance. The alleles for body color are b™ (gray) and b (black), and those for wing size are vg™ (normal) and vg (vestigial).

- A s pd P (05) Mo e 2815

h 2 Morgan mated true-breeding P (parental) P Generation
ssaall 3 sl Sl & sl Sl generation flies—wild-type flies with black,  (homozygous)
isngl e 1403 F gl - dain) OSSR e potieleten 0, Doule
+ + TR IR T ! ) ' (gray body, (black body,
«( bTb vg Vg) Sluall Jlada e all'of which are wild-type in appearance. omal wings) » estigl W)
g oeaall 5kl (gl g il e el
b* b* vt vg* bbvgvg
GEEFL gl g sl e S gl i 8
daial gla 3 aa diuagl) dal)  He then mated wild-type F, dihybrid e
" ¢ ’:‘ " ,S C‘. e females with black, vestigial-winged males. ~ Fy f"hybﬂd
OF gl LYY 18 S 3yl s testcross willreveal the genotype of (wild type) Double mutant
Y st g3l ] il ) ) the eggs made by the dinybrid female (gray body, (black body,

normal wings) vestigial wings)

TESTCROSS
X
bb
g Kid

Wild type Black- Black-
(gray-normal) | vestigial | vestigial | normal

bbvgvg | b* bvgvg

Hiagl) Al Anls
b* bvg* vg Q

COUIY) b Sl 4 gaadl il geall aalus The males sperm contributes only Testcross
o ol i Jdall o8 1) o duid duaseay  ecessive allles, so the phenotype of the offspring Eggs
G owlaadl ikl a1 « 0 offspring reflects the genotype of the
Y s g sl )yl uSay Juall female's eggs.

Note: Although only females (with

pointed abdomens) are shown, half the
offspring in each dlass would be males
(with rounded abdomens).

me
o
=

“Aad giall ousll PREDICTED RATIOS

Alisg o g ga g S o cilial) il |3y ffgenes are located on different chromosomes: L
. | eliall euils 1y If genes are located on the same chromosome and ) ) ;
Cppegas Sl o o clial "f parental alleles are always inherited together: ! o o0 0
e L8 Lo s A1 Y1 i

ailiil| RESULTS %5 . 94 206 : 185
&

CONCLUSION Since most offspring had a parental (P generation) phenotype, Morgan concluded that the genes for body color and wing size are ge-
netically linked on the same chromosome. However, the production of a relatively small number of offspring with nonparental phenotypes indicated
that some mechanism occasionally breaks the linkage between specific alleles of genes on the same chromosome.

(\ulﬂl J,Saupui\;lgdh».fh ¢ (P J_Aa) s;}g‘s;)whdeeﬂdﬂ\@ugg.!\}hi:m\
ol (g3 Juill n Uit it 230 ) 8 ¢l pag p g g g S il o U ) g R g Zliall paa g
o o iall e Ame O G Bl V1 Ulal S ST e o ) s ) e B pead
pysay S
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ﬁ? Genetic Recombination and Linkage :hlijllg uall cusydl 6alel i

o3l iz 5355 G il ST s oy Bz (B9 ol lga Slg-tnll losdly coiall pLuiidl of Wy
0l2)909 Jaial dunall 2Slull @lei lewd uSiill 63led ogmgog Sl pulwdl dwly poii Gguw

cilogugagisl (o gujgi :dbuipall je liuall cus)i 8ale] W

Recombination of Unlinked Genes: Independent Assortment of Chromosomes: 3

0lgll oo sl wlaw

09 oo JS wliadl Jileio jue dyyils cha o ygiun c3jLI Ol g 2ol Jsied liSay (Jlall Juw (e
JS Oladl Jlaie) 6am2e cluas jgd 4 ©lig (Vyrr Dihybrid gangl diuall JUS) )93l JSig jo il
:JUWl cudb guye G1pb e (yyrr homozygous For both recessive alleles dxuioll M1 (o

LW & ygkrall kbl o Ul Gilboy S3gb0 jhb Jill ias &y ol @dgiall po dil 130 cuily giye § oY
.Parental types (931 glgil Juuill 030 o (P Js2J1)

Slegazmo Je stz Jwill 030 0¥ k5 Jwidl o owsil me onrgho oubb Je Ll jsisll @5 oSl
Recombinants lgusyi slee £lgil Louw gild 1yg3ull nolg JSib cro 3932

dauiy [§,S5 Wlio of dlygll slale Jois iJliall 130 § LaS duSyi slae Jwill ggamo oo 50% (9% Losic
Syl 83l 50%

Je (229290 Guus 52 |3 o Testcrosses gglydl yluisl § clhrzg) 50% iy oSyl 8sle] H1)SS
OSou 3 dwbg dalise Wlog—wgog,S
Gametes from yellow-round

dihybrid parent (YyRr) Loghu)
’ on Syl 83Led JLoall Golwl

(ametes from green-=
wrinkled homozygous
recessive parent (yyrr)

®

2

.

f \
@ @ olsuidl go dbsyell jué @lipsdl
=

dui o)l Ologawgog Sl Slgsuell
g homologous chromosomes

: YyRr yyrr Yyrr yyRr h s " |
C . o . 7 oo metaphase || Jlgiw Dkl
Parental- Recombinant )il dl 5383 low duaiall plwssil
type offspring . . .
offspring O-bodyodl ot Gl ;o
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Recombination of Linked Genes: Crossing :_iljgll jgrell :ahiipall cailluall cusyi 6ale] 3

Over

Drosophila dybil testcrosses ggljdl jLisl 25l 2 )i iy S 5, Morgan wjlaud sg=i lics o3l
(V-1 JSidl) § dudgall

U3y 2zl pasg pauall ool go JS) digal & ygkio jyb ag) ol zolidl Hlisl § Juwill @laso ol 5535
Oyl of dl sty 50% o w51 )Siy digi¥l glei¥l Ggas o3 o9 wgog)SIl puis Je LS oanzll ol JI
recombinants dus)i sleall (o 1915 Juidll (10 17% Jlg=> 18 el gog .dbuliye

oo dizme M g JLnall JLuosdl Glsl , ws ol camg ollasll gasy ol gléyge 28l ikl 0o elol
bl yessdl o3l Laws Gl dolasll 03 ol dasWl yladll wyghl pgwgegyl puis Je wliyzl|

linked genes dbuiyaJl Olaadl CuS)yi 83le] e dgguo Crossing over

2lojl 89-0 § daclaiall dilaiall GlogwgogySll 3929 Uil &amy il crossing over gl ygasll
3231 b3 Gaawiiy ©ligigyll (po degamo g waaiall oLwsill Prophase | Jg¥l saugeill jobll clisl
Paternal ol ;51 Maternal 090l Asilog,S) dbliall

Jhellyorall lgd &amy 8yo JS' § ouitsiits pue (nuilogyS o dilgill cli=3l Jsbs i /@819l §

©lisygs J) dihybrid disad disall dslis Gol dibs § Ghell yersll 61 @S (A-F Jsin) JuI JSill pusgs
0le)g0 o>l s3I testeross golill ylisl § ausyi slao Jud JI Jllg lgusyi sleo

pa>g pwall ggll b Vg ol &7 Vg oaallgl Ghgll ol go o] pg—wges)S Je Soiz ol wlusgl plhso
(b" vg 9/ b vg") Wige pamses)S Je iz oS vl pasy ol 2Lzl

b ) dsmisall dawnl) iyl dblaiell dgiall ¢lilgysdl dounlgy Glaygdl oo dalizall wlall 0io Glas! sl
GO o OluSys sy Lo sy slao soal pe 3k bbb 17% lgd ygb Jous degazo 2] J] (vg
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Gray body, normal wings

Testcross
(F1 dihybrid)

parents

fE NSM.O

Black body, vestigial wings
(double mutant)

b* vg* ‘ bvg
— I D C——=T¥ D
(GEE—— S D) [SEE— - D
b vg bvg
Replication Replication
of chromo- ‘ of chromo-
somes Q somes
b*vg* bvg
b*vg® bvg
bvg bvg
. b b
Meiosis I: Crossing % %
over between b and vg
loci produces new allele
combinations. b*vg*
=P Meiosis I and II:
b*vg No new allele
b vt combinations are
g produced.
. . b vg
Meiosis II: Separation
of chromatids produces
recombinant gametes .
with the new allele Recombinant
combinations. chromosomes
b vg* b vg
Eggs (EE— . B
Testcross 965 944 206 185
offspring | Wild type Black- Gray- Black-
(gray-normal)|  vestigial vestigial normal
b*vg* b vg b*vg b vgt | (=
(=== == - [e— . B [G—
C—Ip|C—=II b | = b | =D
b vg b vg b vg b vg Sperm
\ J\ > J

vV
Parental-type offspring Recombinant offspring

Recombination _ 391 recombinants

= =179
frequency 2,300 total offspring 100 =17%

©ldygy JI dihybrid diyme daall &5 Gl b3 & Jhell yernll o1 S puses (A-1 JSiv)
oléygo olyal Sl test cross gl Hlasl § duS)yi sleo Jus JI JWbg lgusys sleo
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Alternations of chromosome number or structure cause some genetic disorders:

2 U &y yghrall jyhll e Lbyl Large-scale §Unill dsunlg duoguwgog Sl olpsill 585 ol oSy

e Lwmiidl clisl elbs¥l el isy Physical and chemical disturbances diiloaSlg disb jaall OLlybus3l
A3l § o3 e s gl dul) @by SlogugogySIl lis o oXa) meiosis Guaioll

Lilals Miscarriage volez] Ul )33l wlyailg y il § §lbdll dewlg dpogwgogySIl Wil 355 Wle
Various dalisw goi Ollybsl dilgll wgssll (o glei8l 0igs o9y oadll 31,831 ,gh3 Lo 83leg ipuiml

developmental disorders

Abnormal Chromosome Number :_yeuhll pe dloguwgagysdl aac w

Wlogwgog)Sll gjgs the meiotic spindle wiuaioll pluiidl G Jj2all bgas 0545 ,dlliall disll (o

Meiosis I

Nondisjunction

Meiosis II

Gametes
n+1 n+1 n-1 n-1 n+1

Number of chromosomes

(a) Nondisjunction of homo-
logous chromosomes in
meiosis I

(b) Nondisjunction of sister
chromatids in meiosis II

Meiotic nondisjunction. Gametes with an
abnormal chromosome number can arise by nondisjunction in either
meiosis | or meiosis Il. For simplicity,

2livo 31 Liws o S Cwaiall Juadidl pac pusgs :(I1-F JSib)

& Josidl pac @1yb o ambll e pgwgogyl 3ac I3
Gl uaiall pludidl of Jo¥I Cuaiall oLl

elbasl g9 digidl LMl e
AL oy bbye lawgo Bsls dlis Sg
2ol ¢y 3 Cus Nondisjunction Juodll
dL5Lasiodl Olog—wg-ogySIl 2lg;l
2u>uo JSiy homologous chromosomes
Juiuss ol Meiosis 11 uaiall pLwiidl < Usl
Sister chromatids diuduidl Olawileg Sl
Il Goiall plowisdl cLisl JLasidl §
M- Ul @ LeS) Meiosis I
oo ol 13219 By—iue iy il odo §
Buio 8l 39 pgwgeg)Sl po goill puis
33381 Slog w09, G Lol d5 i 51
b S lg=ajgi iy Lo S3le
go Aberrant 83Ul zliodl o sl 3l 13]
Seiwd olasyl xie dyaub gLl
00 b e sae e Ldl wgaull
p—wly Gy=i Al ;09 (20 pg—wgeo
25) .Aneuploidy (;09—wgog,Sl 3g9i—ivl
oo ST og—wseg,Sl S9iadl Ja iy
(3=lg pgwgeg)S
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rgwgog)Sll 13 3929 eac | pumo pgwgog)S go diuw e sgion 3 Buiive gaudiy s3I Olasil a5
sa=ll § 3Ll wgmujll e Joii 1(2n-T WlogwgogyS e dudll ggimd Cuymv) Zygote Og2uill §
Lowgegysll clA) Monosomic sasll §.\l:>i 99 &l oguwgog)Sl

0l (2n+1 Slog wgag)S Je dilsll sgimi Eum) gzl § i &M § 135290 pgwgogySl IS 13] Lol
Powgog Sl |igl Trisomic sasll dddl ()9S5 Logwgog)S 83 Lil dyzl

Lo 83188 1,21 SIS L 13] dgigizd| LIS @az ] 3930l B> Mitosis gglumiall plwdidl Jiiy Gguw
ol §Luo3l pg wwgogySIly dagyall Gilipall o Gyl pe 339l lgyws Gl Olaall oo degazo d ooy
Dgdaoll

8>3 lguadlio piuw GJlg pinll Aic trisomies Ologwgog)yS dd 3ac 3929 e Jlio 2 gl dojdlio
130 Jio &a> 13] Mitosis gglwiall pLwiidl < Uil Lyl Nondisjunction JLaaidl pae &y ol oSay
ELwidl §),b oo Jius aneuploid ogwgeg Sl 3giuill dll> 18 (suizdl yshbill o 3o cdg § lasll
A 31 e 5 536 g 095 of Jaimall gog LMSII o S 32c J] mitosis gglwioll

Azl LI graz § OlogwgogyXl po oailolS pricgame o i Je dundl O pasy sgins
Polyploidy drogmgog)Sl degamrall 3325 90 (0gwgeg)SIl jueill 13g) plall albuasll

droguwgog)Sll degamoll diclyy JI (4n)g droguwgog)Sl degazall 4iM5 JI (3n) Glhlaisdl yuis

JUaisl pae e daxil dimub jue (20) dibg) wlas] Giyb oe Lo Bn) dils g Liws ol oSay GJI @b 351
Wganj Juis oe (4n) il ol oSas LoS .nondisjunction of all its chromosomes gilogungog)S guo
Mitotic divisions gluiall oLudidl aiiw .lgilogwgeg)S Replicating waelidi a2 oLwiidl § (2n)
(4n) iz @I bl

Gl &Ll glgi¥l o 3yaell dilll dlaall § Lo 2> ] gilis Polyploidy duoguwgeg )yl degomall a5
(8n) dglyallg (6n) pwdll /(3n) joall \Jliall Jumw e drogwgog)SIl degomall 833si0 LgIsT

ol o lgodmy 3929 oo eyl e Egs i JBT drogwgog)SIl degamall 832510 dilgil glgi¥l ass
Oliloyllg

3g3ui o0 ST ,gball § di=ub Polyploids drogwgeg)Sl degamneall 83asia) JIi¥l yuiei ole JSin
5T Guadl ojlgdl sy (135800 gl) WBLS] 135lg Lag—wgog)S vl 93 Aneuploids (og-wgeg,Sl sasll
WlogwgogySl go dlols didlo| degazo Ji) oo
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Alterations of Chromosome Structur : agwg.ag)Sdl us )i ,a alpeill »

p9mwgog)Sll Breakage s & gleiil Jio 5)Lall Jolgall of cuniall oluwaidl § clas¥l uuwis ol oSy
aic Deletion Basdl &asy (JUI § LaS) pgwgog)SIl wusyi & whusil go gloil deyl JI 638 38 Lo
Oluzdl pasy Vloall pgwgoeg Sl i 284y 05 .Chromosomal Ffragment Ologawgog)SJl (po £3= 159
(dlasTy Eowgog)Sll 289 piuwd . Centromere yrog yiiull B3> i 13])

LSS dic auiy oo isister chromatid Gadbh daileg)ys Jl dSl_b| debssS "Ggiowall' cjall §l8) ey 29
.Duplication

o J—asiall ejall buiy ol oSoy @3 oo 33
Jiloio pguwgog)S) Grii jut Juilog)S

disylnio ") ySall" gbliall o< 3 18 dllsll 0o
M Jazi ol ¢Say dilaiall wlog_wgogySl o¥

(a) Deletion

? O IENGIELY

l A deletion removes a chromosomal segment.

(als]c|eXFlG[H)

ibgll cilyalyllg aglall slalg

(b) Duplication

A & ¢ RGIEL
ot

l A duplication repeats a segment.

@& ce cil [G]H)

(c) Inversion

A

l An inversion reverses a segment

within a chromosome.

(AN e XF[G[H)

(d) Translocation

QCIDIE“FIGIH)

A translocation moves a segment from
one chromosome to a nonhomologous
chromosome. In a reciprocal translocation,
the most common type, nonhomologous
chromosomes exchange fragments.

@Y c [o[EXF[6[H

Less often, a nonreciprocal translocation occurs: A chromosome
transfers a fragment but receives none in return (not shown).

St omS Bl ) ol panl) a1 i g ga g S0 S B Rl a0
syl salels s lad) Al o) Y1 oSl ) gl
Alterations of chromosome structure. Red arrows indicate
breakage points. Dark purple highlights the chromosomal
.parts affected by the rearrangements

03l 0910909, bliydl Liayl Glogwgog,Sl
Ml dic aiin Lowo —swS=ll ol @ odg
—wSd dlosioiadl dsulJl d>yidlInversion
p9-wg0g)S Jl dehill aais ol Lo wlogwgegyd!
JUG3l g o w5 8sle] § JSlasio yu e
.Translocation

y1)Slg Deletions Wizl Wloc d_ols Gasy
Gimaiall pluisdl clsl a3l e Duplications
.meiosis

days il pe OlailogySIl Jsbis  Fhall jeusll 2ic
Cusu ONA o el doglwio yue cliol Bl
ol oliky Las yisT wluz ge gyl 3ol Y
Pgwge9yS 2 Yliall je Jhell el 3o wilxniie
IbSS 2o 2=lg pguwgog)Sy B3> go A>lg
po—wgegyS Jamy sl deall GUS puiall 83le

de oz o) S Wi payes wliyall JSlois
Aday dils (S élﬁgg.ébeopbx(ag_mg.og)f

Bl 3 diyoo dll> 29 ¥l Gliasl o 13ac
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B3)lb 9S8 ol JI Lyl translocations Jlaudlg Duplications Glacbawdl Juai

2 Olog—wgogySl yu eball JsLs eiy Cu> Reciprocal Translocations dusbadl Jidl Ollac §
ol Joii ol guabiwi 3 Inversions QM3 wil> 39 .nonhomologous chromosomes d_uilauall
elli o9 /el3 gog .Normal doses dasuubll LginoS' § 639290 Olumll groz - Gaub ue Oluall ojlgs
Jio 8yglzvall Wizl ou a8g00 53l ol oXas pazdl suei 0¥ GIU & ygholl jylall 485 ol pSoy Wllasl|
Byo0 )BT o3l pasy 3 g &laslode

L, Asogugag)s cilpaill cuuy &pdul cbijhadl i

Human Disorders Due to Chromosomal Alterations:

Serious human .6 yxbJl dy yiidl OLIYbsB (o 332 lgusyig Wlegwgog)SIl dac § il by
disorders

Olog-wgog)SIl § 3giub J| ool olwaiil § nondisjunction JUa&idl pac s> LBl 1yS3 LS
gliodl elli (o ailll Zygote Oig=ujll gl Gametes ahi‘m%l 3§ clgw aneuploidy

0io ahiso ol 3]y iull § 13> ladiie os%) 38 Wemill § Legwgeg Sl 3g3 il Jame ol go eyl Je
wolga! piy ooy Hohill e 132 d45)LS 95 chromosomal alterations daog—wgeg)Sl Ol sl
dlgh 6,14y 6336)l Jid Blali dilaell dis¥l Aborted

3hd¥l ol dl 6381 Lo e o 3T Gumdl jlsill U35 Loguwgos,SIl 3g3uill glgil pasy ol 9w el gog
loas) log 6339l G= 8Ll 248 e claill pgiSoy diuso U.ogwg;og_)f J9dui WAls (o ygilsy ol

Down Syndrome (Trisomy 21) :()gla daojlie w

0913 dojdio /(09 wg0g,l 393 il LIl 2ol
700 JS oo L0 y85 aolg Je 4,355 .Down syndrome

Saouall ©bdgll § g9gs Jab
3 §Luo| pgwg09)S) daui (h9ls dojdie (19S5 Lo 85l

Jlez] Je ol § duls JS sgiod Cusy 21 2854l
Pguwg0g)S 47

Down syndrome. The karyotype shows trisomy
21, the most common cause of Down syndrome. The child exhibits the

facial features characteristic of this disorder.

35021 asmsas Sl o 50l o gl aaill jelal 0y gla A Bla
13608 jaaall x5 maDle Jakall jedad (gl e joUial 12 ali YISV Canid
_\__xl)la‘by|
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Aneuploidy of Sex Chromosomes :duuiall cilogwgogysll  jogwgag)sil Agaul M

degito W3l> Nondisjunction of sex chromosomes diuwizll Ologwgogyl JLaskil pac e ai
aneuploid ogwgogySJl 39l (o

dy> 83391000 J] 500 JS oo 85 63219 80 XXY Gull jhbl 9509 »SHI § QLo X pg—wgog,S 1gk
295l

e . Klinefelter syndromeilidulls dojMio amby Bgy=all (lybs3l 13 o ggiley (il polswdl
Sterile padc Jz)llg Laub ne JSin olingo ool oS d)eS duuis clacl

1000 JS g0 83>19 830 Gamy s3I (XXX) trisomy X d;h.ll GP9—wgeg Nl 3a=JL BLlaall LU
bwgioll o Jiliy Jsbl ogisS W¥sy dsle 1t ddans Olaw gl pudg 8342 douay pesiaiy dy> 535lg0
Llidl e 0l (gl plsil bgmio jh) wloyse OUAl cdgo

. Turner syndromeix dajdias g =all Monosomy X - X pguwgegySll §3l>81 ogmgegySil sasll
monosomy pgwgeg)Sll 3>l g jyeall 3uzgll goill gog &9l 83392500 JS (0 51,85 63519 850 Caamy
iy guais 3 dylwlisll poslact o3 dagic U oS X0 Ligz 1ihb 31,331 350 Josy il § 8Ll Jlall
b e85 agiy) pgalinog Estrogen replacement o229yl Jlaw eg>Me

i! cilogugagiSll sy 4 paill lguwi il clihadl i

Disorders Caused b{/o Structurally Altered Chromosomes:

Translocation associated with chronic
myelogenous leukemia (CML). The cancerous cellsin

nearly all CML patients contain an abnormally short
chromosome 22, the so-called Philadelphia

(- — - chromosome, and an abnormally long chromosome

9. These altered chromosomes result from the

Normal chromosome 9 /

Normal chromosome 22
reciprocal translocation shown here, which

. ' presumably occurred in a single white blood cell
Recnprocal translocation precursor undergoing mitosis and was then passed

along to all descendant cells.

— ar02 & diilby wll LIS sgin oo 3oll eIl yoludwl
Translocated chromosome 9 Po—w909)S Je i pejell pelaill el gloyw 9450
 LaloMS pgug09;S o Lo b e JSin jad T

G > 030 S A i e JS iy Jgb pg—w.00)5y j
Translocated chromosome 22 o pusgall Jsliall JWisdl e 6psiall Ologwgog,S
(Philadelphia chromosome) cloap p3 dls @hlw § &as &l yoyaall go sillg
J1 3 x2) 0y 05 @ig glmsiall plwiidl clisl 8ol
(-1 Jio) AVEN[ PPN
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some inheritance patterns are exceptions to standard mendelian inheritance

Olidl eussy Laoas b JSiy &asd Gl ddatall dhgll plal Oleliudl oo oul og) o3l egbiw
& ol g3l Vgl Guiz o (ol WIS § Blgill 2,15 8392gall Gluall eusiy y58lg 8lgill § 39290l

Normal Igf2 allele
is expressed.

Paternal
chromosome ‘_"L‘ﬁ ‘
Maternal C D - >

>

chromosome | N Isi
Normal Igf2 allele (v\(/)iTéntaypSSEd mouse
is not expressed.

(a) Homozygote. A mouse homozygous for the wild-type Igf2 allele
is normal-sized. Only the paternal allele of this gene is expressed.

Mutant Igf2 allele Mutant Igf2 allele
inherited from mother inherited from father
Normal-sized mouse (wild type) Dwarf mouse (mutant)
Normal Igf2 allele Mutant Igf2 allele
is expressed. is expressed.
Mutant Igf2 allele Normal Igf2 allele
is not expressed. is not expressed.

(b) Heterozygotes. Matings between wild-type mice and those
homozygous for the recessive mutant Igf2 allele produce hetero-
zygous offspring. The dwarf (mutant) phenotype is seen only
when the father contributed the mutant allele because the
maternal allele is not expressed.

& zlivo¥l (9S5 el degabnall liyad] pudgy (-1 JSin)
2 (1gf2) ol guiBl duidl] gaill Jole ¢uz Tagass ylall

dilygll b § Jole 9o Jy3I

Genomic Imprinting :acguball ciligall-| &

JH3 LS 13] Lo Je I3Laiel (syghrall jhbll § Gskisl
degaboll Ol Loy G331 gl ,S3Ul Algll oo Gg)ge
Lol guSe Je 4l b>¥) .genomic imprinting
e 3295 d5gmiall oluall phno ol8 guizll dayal

(autosomes diownall Ologwgog Sl

Jl 63855 plitodl ngSs clidl degubiall Gilipal| &
dipmo Oliyz oo o Jl Ol

Ollgsall § litne JSit lgmub @iy oliyzll 0de oY I3k
bd 3>lg i ge jumy @zl 018 (wldygdly digiall
03 oS3l gl ol G331 o Wgysall igasball pazdl oo
pebill £l pusll Lils gres J] Olaadl Ji5 pi
daiiall L] § doprdll olaadl e wdaz JS &
1899 > drolll gluio3 ilog wgog)S gubnly 2Ll
2lino3l JSiy s3I 3,801 puiz]

Inheritance of Organelle Genes :&ulwaell (o caliuall ailyg -r w

Organelles ojMgi—wll @ Oloac @ Ol yass 3565 Js s blgd

§ 839290l Wlogwgeg)Sl e blgill dytyt> ddll liuz JS 3295 3

.in the cytoplasm

olgil 25 Oliaaldl pwl wliuzdl 0do Je §lbj Slgill 25 lodg=g) 5k
.Cytoplasmic genes dio jugiamll Olall 97 Extranuclear genes
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K] S>3l Wlagiwdlg Chloroplasts slyuasdl Olawiwdl cliSg .Mitochondria b yaisgiaoll SHd
Jiiig lgai clali (po Wlbasll 0de Wl .Olusdl o 133 Jood § s o diyils DNA alyjs e o bLII

.Daughter organelles dygil| OGluasdl J| lgilu>

elusidl el dyggill ilogmgog,Sl )95 d>g5 GJl selgdll Huail 1899 el Je wluas)l Olus gjgs ei 3
.do not display Mendelian inheritance dJioll dlygll go G193 3 89 13 s auaioll
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L4 Exercise 1
Which of the Following statements defines

a genome?

SBLY

[NEYERY) %
Spgiazl oy AWl ShLsll oo i

A) the complete set of an organism's
polypeptides

B) the complete set of a species'
polypeptides

C) a karyotype

D) the complete set of an organism's genes

and other DNA sequences

L4 Exercise 2

Quaking aspen trees can send out
underground stems for asexual
reproduction. Sexual reproduction is not as
common, but when it does happen, the
haploid gametes have 19 chromosomes.

How many chromosomes are in the cells of

I § Ol 3u3e oo dlolsll deganall (A
ol

elsill @l e o dlolS)l degamall (B
S99l buaill (C

Ol L2 1 Ol dlol] degaznall (D
S>3l S99l Yol

ey ¥

oliw Jlw)| 8jigall 2lx2))1 yeaul HlaubB Koy
o) Gl SIS (Gl P y6)Bl i
dyslol glireBl gld whasy boaic SIg AR5LD
3ac oS Lag—wgogyS 19 Je Ggins sa=ll
G L] LS § 639290)1 Glogwgeg,SI

Suoydl
the underground stems? v
A)9 q(A
B)10 - (B
Q)19 19 (€
D) 38 FA (D
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L4 Exercise 3
Which of the Following statements is true
of a species that has a chromosome

number of 2n =16?

P oeuyx %

L QI elg.i‘SI Je Grbi dJUl oyl oo Gi
€2n=16 pgwgog)S dac

A) The species is diploid with 32
chromosomes per cell.

B) The species has 16 sets of chromosomes
per cell.

C) Each diploid cell has eight homologous
pairs of chromosomes.

D) A gamete from this species has four

chromosomes.

L4 Exercise 4
Which of the Following characteristics do

homologous chromosomes exhibit?

JS) po—wg09)S PV 2o Wl all dlis glgi¥l (A
Olog wgogySll (o degamo 1 Je glgifl Ggin (B
s Jsd

2lojl dyilad e Ol all dglis dyls JS g (C
dilasall ©loguwgog,Sl (o

day)l Je goidl 130 g0 gliodl sgims (D
Wlogwgog)S

€ wuyd %

Gt Gbisi Ul pasloosdl g sl
cdliloiall Ologuwgog,Sl

A) They carry information for different traits.
B) They carry information For the same traits.
C) They carry the same alleles.

D) They align on the metaphase platein

meiosis Il.

dalizo Olaws e Glogles Jom lgil (A

Wlaall Guail Glogleo Jomi (B

MBI Guds Jas lgil (C

& Jlsiwidl johll § sloi_wil b3 e ah_ia5 (D
N Guaioll olwsdl

L4 Exercise 5
Somatic cells of roundworms have four
individual chromosomes per cell. How
many chromosomes would you expect to

find in an ovum from a roundworm?

0 )N %

e 8ya3iamall olazal) dydmal LI ggin
sac @S .dls JSI dy3y8 Ologwgog)S dsu)i
0o dudygs § azi ol @i U Olegwgeg)SI

cdulghbunl 5393
A) Four c'is.g_,i (A
B) two ol (
C) eight diiled (C
D) a diploid number cbido dac (D
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The bulldog ant has a diploid number of . ) .
degoaadl LU dac Lgaad gall dlos
two chromosomes. Therefore, Following - . .
Olog—wgag sl o (il o daog—wgeg sl

s JSI 99Sa—m ool plawitidl Ay i
WS Olybahll J] dLSRL .aolg pgwgeg)S digiy
Seodl 130 § GuaJl ggiill Mgy ol oo

meiosis, each daughter cell will have a
single chromosome. In addition to
mutations, how might genetic diversity

be generated in this species?

A) crossing over only s §hell yeusll
89 Jholl you=ll (A

bad y=Jl @il (B
Jledll Glazilg Jhgll yousll (C

B) independent assortment only

C) crossing over and random Fertilization

L4 Exercise 7 V)i %
Imagine that there are 25 different

species of protists living in a tide pool. - . .
OLsiMbll o Laliswe Legs P0 JL ol Jaso

Eloidl 030 pasy I ,yj2lg Aall dSy § yinss
lg—am) pSos9 limniz B9 Lz clgw 32 e
Uiz yas dsyll Olaay .bid —guisI Ll
@ L .8lyol duwuall b puiSillg ©Lwg il
<8 yasiall izl § 2355 ol a2yl 0o Gl glgiBl

Some of these species reproduce both
sexually and asexually, and some of them
can reproduce only asexually. The pool
gradually becomes infested with
disease-causing viruses and bacteria.
Which species are more likely to thrive in

the changing environment?

A) The sexually reproducing species is likely

to thrive. Bz 5155 &1 glgi¥l 10355 ol azyall oo (A
B) The asexually reproducing species is Bizd HIS5 GJI glgi¥l yo55 ol 2=yall o (B
likely to thrive. L iz 5L @l gles¥l 10355 ol azpall oo (C
C) Sexually and asexually reproducing Lz dg
species are equally likely to thrive. @33l o g9 @i ooy o (D

D) Neither species will be able to thrive.

ibgll ailudlyllg aglell slualgl
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Which of the Following processes might
produce 3 human zygote with 45

chromosomes?

Sin G920 dic iy A5 AW Ollasl oo sl
Slagmgeg)s €0 e sgizy

A) an error in meiotic anaphase occurring in
either an egg or sperm

B) Failure of the egg nucleus to be fertilized
by the sperm

C) Failure of an egg to complete meiosis Il
D) incomplete cytokinesis during

spermatogenesis after meiosis |

&30y olusial pluiidl § Juasidl yghll § los (A
dygiall gyl of didygill §

digiall ©lilgsml capass § dausdl 8lgs Jud (B

Il Guoiall pludidl JlaSiul § ddggd! Jid C
953 el Joisall yue 03Mgin—wll plwasil (D
| Cuaiall pluaidl as digiall Olilgl

L4 Exercise 9
The individual with genotype AaBbCCDdEE
can make many kinds of gametes. Which of
the Following correctly describes why this

situation is possible?

Q)N ¥

&0y ol AaBLCCDAEE Guall baill g3 2,4l oSoy
2umu0 JSuiy oy i Los i .gLineBl (o 8yuiS Elgil
Sdgall 1o Bigas Jlais| cauw

A) recurrent mutations form new alleles

B) crossing over during prophase | lead to
genetic variety
C) different possible assortment of
chromosomes into gametes occurs

D) there is a tendency for dominant alleles to

segregate together

L4 Exercise 10
A sexually reproducing animal has two
unlinked genes, one for head shape (H) and
one For tail length (T). Its genotype is HhTt.
Which of the Following genotypes is possible

in a gamete from this organism?

HE Oriaz Je Liwiz yilsiy g3l plgaadl gz

83035 i JSiid 8yl Ol yalall (A

Sull goudl Jl 6382 Jo3l yobll JMs youell (B

3 ©logwgogySll o Joize dlisw 21jgi Ga=y (C
Lol

B0 JlowiM 835l MW Juo s (D

Judl Jgh 553lg (H) guiyl JSid Laoasi .abuiye
dainzll bloi¥l g0 i HATE 9o al dlygll syl (T)

SE;JIQHSHthoaag&wwgogﬁﬁoloSao&gUH

A) Hh
B) HhTt
T

D) HT

Hh (A
HhTE (

T(C
HT (D

ibgll cilyalyllg aglall slalg
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Use the Ffigure and the Ffollowing
description to answer the question. In a
particular plant, leaf color is controlled by
gene locus D. Plants with at least one
allele D have dark green leaves, and
plants with the homozygous recessive dd
genotype have light green leaves. A true-
breeding, dark-leaved plant is crossed
with a light-leaved one, and the F1
offspring is allowed to self-pollinate. The
predicted outcome of the F2 is
diagrammed in the Punnett square shown

in the Figure, where 1, 2, 3, and 4 represent

J1gadl e dilopl JW Guogllg JSidl pasiawl
Gb o ddygll ol § el @iy (a0 OLS §
Je aolg D JJ31 OI3 OLLWI.D ganll gdge
Syl OI3 OGLIG (diS1s £lyuas §lygl lg) JS3I
sy Glysl Lg) JSLlaiall dd JSlaiadl Jlyoll
Slg¥l 93 YW Lixisdl OLUI Gamngs e .d=l8
F1 J—il) 2o—ug «§Dg3l 23Ld Wl disladl
& F2 ) deSgiall dawill oo i .11 uilidy
P91 Jiai Cus (JSill § ab90ll Punnett g0
=351 dls JSU dliell dyasdl bles3l €g Mg

20l
the genotypes corresponding to each box . . & R
QNI OU LU 8o (§91gid gayadl § LI o sl
within the square i T )
Fdpfs (oSiam
Which of the boxes in the Punnett square
correspond to plants that will be true-
breeding?
D d
D 1 2
d 3 4
A)1and 4 only )
bss4491(A
B) 2 and 3 only )
b&93g2(
0)1,2,3,and4
493 9g2491(C
D) 1only .
has1(D
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% Exercise 12

Q-OLLY
NSMO

I cuydi %

Skin color in a certain species of Fish is
inherited by a single gene with Four
different alleles. How many different
types of gametes would be possible in

this organism?

dbowlgy JlowBl (po (a0 £95 3 A=l gl &gl
glgidl sac oS .dalise oM ds)l ) aslg (uo
S KWl 130 § dikanll 2Lire8l o dalisiall

A) 2
B) 4
08
D) 16

% Exercise 13

P (A
€B
A(C
N

|| g EYERY) %

Albinism is a recessive trait. A man and | 6ly0llg J2))l (po JS yeb .damiio diuo g0 lgoll
woman both show normal pigmentation, | Vlaow ¢paJlgll ol W Lods X Lsuub i.ig]
but both have one parent who has | Jloisl g0 Lo .(aiduoll dsu—o ()939) §lgalL
albinism (without melanin pigmentation). Sdlgall Jg3l eglib dLo]
what is the probability that their First
child will have albinism?
A)O (A
B)1/2 r/\ (B
Q)1/4 eN(C
D)1 I (D
% Exercise 14 1€ Cuyai %

Black fur in mice (B) is dominant to brown
Fur (b). Short tails (T) are dominant to long
tails (t). what Fraction of the progeny of

crosses BbTt x BBtt will be expected to

shall e 35Ul 9o (B) olydll § d9—wil l)8
Je 8ybawmall G (T) &l JgaiJl .(b) Gl
29l )3 po Jlaisdl 9o Lo .(t) dlagh Jg23
Jg239 39wl g3 &l 9% o gdgiell BbTE x BBEE

have black fur and long tails? cdLgb
A)116 /1 (A
B) 3/8 AW (B
Q) 1/2 F/N(C
D) 916 17/ (D
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% Exercise 15

In pea plants, the tall phenotype is
dominant to the dwarf phenotype. If a
heterozygous pea plant is crossed with a

homozygous tall pea plant, what is the

Q-OLLY
NSMO

o wyss

30 Jashll s ghall hail b8 3Ll GULS §
198 @3 131 ypa—aiil] (5 yghall boill e ALl
Jagb £3W1 O go Og2ujll plsie £3jWI OLS
095 ol Jlois| 92 Lad «gaujll JSlaso dolil

probability that the offspring will be cpaajlgi,ms Jauidl
dwarf?

A)1 I (A
B)1/2 T/ (B
Q)1/4 eN(C
D) O - (D
% Exercise 16 ) FOTERY) $

Two true-breeding stocks of pea plants
are crossed. One parent has red, axial
Flowers, and the other has white, terminal
Flowers; all F1 individuals have red, axial
Flowers. The genes for flower color and
location assort independently. Among
the F2 offspring, what is the probability

of producing plants with white axial

Aaiis Oldso O3 £3jW1 OLLS o Gaibl Hangd @5
a3 )33lg dailog £lpos Hloji sl ualigl asi
o)l pg2ad F131)81 gras 1dyd)b clidw jloji
Wial lgndgeg 6,031 gl Glis> .duilag slyes
Jloiol 99 Lo (F2 Josssidl 312 30 i JS—iy

Sduils> cbaw yloji O3 Obibs 2Ls)

Flowers?

A)9/16 17/9 (A
B)1/16 11/1 (B
C)3/16 /v (C
D)1/4 END

ibgll cilyalyllg aglall slalg
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L4 Exercise 17
Hydrangea plants of the same genotype
are planted in a large flower garden.
Some of the plants produce blue flowers
and others pink Flowers. This can be best

explained by which of the Following?

Q-OLLY
NSMO

& Gl SHbll pudi Lg) G gl SULS £459
£18)j Lol OULII pésy aiis BymS )90) disas
Lad] JSuin wsMM,aﬁmaﬁpﬁsﬁis

A) the knowledge that multiple alleles are
involved

B) the allele for blue hydrangea is
completely dominant over the allele for
pink hydrangea

C) the alleles are codominant

D) environmental Factors such as soil pH

affect the phenotype

% Exercise 18

ell3 e dgdume 83uxe O ol dyoo (A

dugSIl JJT e slos 35Lwll go 1831 dugSII JJT (B
ddygll

dSyiivo 63k W3 MY (C

e 383 dyyill d ubgas dz)d Jio duiull Jolgell (D
Sraball 3Ll

Radish flowers may be red, purple, or
white. A cross between a red-fFlowered
plant and a white-Flowered plant yields
all-purple offspring. The Flower color
trait in radishes is an example of which of

the Following inheritance patterns?

s gl diilga)i of slyas Jadll j905 99 23
203381 9ol 250 OL Ou gagill o il
09! dow .JolSIl Wilg=)i s ggll yowi ©lig
dihgll blesl oo i Je Jbio o J2dll § 6,031

CFAN]

A) a multiple alleles system
B) sex linkage
C) codominance

D) incomplete dominance

Ol 3327 s (A

b dbyyo (B
dSyiinad | 83 Lud! (C

dold] yt 53Ludl (D

ibgll cilyalyllg aglall slalg
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L4 Exercise 19
Hutchinson-Gilford progeria is an
exceedingly rare human genetic disorder in
which there is very early senility and death,
usually From coronary artery disease, at an
average age of 13 years. Patients, who look
very old even as children, do not live to
reproduce. Which of the Following
statements represents the most likely

assumption regarding this disorder?

Q-OLLY
NSMO

19 Cuyai ¥
dhg Whbudl 9 3)gals> gumisbiled d>gui
132 8,0 ddgiuih dzgy Cus dilall joU (g y—in
bungion (2 W1 HL il 9o y0 o 83le wgog
&= 132 [HLS 99w 023l «56yall LsLe I yoc
Ohlsll go i LW Gg—iusy 3 (JLabi p2g
139 yog—asy Jlaisl yisBI (61,83l Jioy dll

colybus3l

A) The disease is autosomal dominant.

B) The disorder will increase in frequency in
successive generations within a Family.

C) The disorder may be due to mutation in a
single protein-coding gene.

D) Each patient will have had at least one

affected grandparent or parent

% Exercise 20

Feather color in budgies is determined by
two different genes, Y for pigment on the
outside of the Feather, and B For pigment on
the inside of the Feather. YYBB, YyBB, or
YYBDb is green; yyBB or yyBb is blue; YYbb or
Yybb is yellow; and yybb is white. Two blue
budgies were crossed. Over the years, they
produced 22 offspring, Five of which were
white. What are the most likely genotypes

For the two blue budgies?

dyauuzll Glogmgeg Sl Je Joz g 3w yoyall (A
d8laiall Jus¥l & 1Sl § Olb o3l 3155w (B
Byl Jsls

3olg oz @ 8yab e LU Ohbodl 95 28 (C
org il

e ©loan aslg Allg of a2 pauye JSI oS (D
Js3l

O dbwlgs slaul § gyl og) A3 @5
Wil G2y abowll e duoll Y padlicho
YyBB gl YYBB .in )l (po JS1aJI (o dstuioll Bg
gl YYbb ! §,5i yyBb gi yyBB ! ;a1 YYBD gi
0e ol 29lyi @3 .uéwl yybb g ¢ 44 ol Yybb
S PP lgazil iguiand] 0 e @531 sLaudl
diazll bloi3l 2 Lo .géull o pgio dmas

€623 cliul) Blais| yisI

A) yyBB and yyBB
B) yyBB and yyBb
C) yyBb and yyBb
D) yyBb and yybb

yyBB g YyBB (A
yyBb g yyBB (B
yyBb g yyBb (C
yybb g yyBb (D

ibgll cilyalyllg aglall slalg
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L4 Exercise 21
Marfan syndrome in humans is caused by an
abnormality of the connective tissue
protein Fibrillin. Patients are usually very
tall and thin, with long spindly Fingers,
curvature of the spine, sometimes
weakened arterial walls, and sometimes eye
problems, such as lens dislocation. Which of
the Following would you conclude about

Marfan syndrome From this information?

Q-OLLY

NSMO

Mlagyy @
8 U5 G yiadl die L8yl dojdio Eras
S0l 9953 Lo 83Le . Al ELAI uanil] (192
) je dlygb giloly dalil) paianig oabiob
o> b Uliolg «s)idll sgasll sLinilg
&y Jho wnsdl @ JSuino Bluslg comly—idl
cOlogleoll 030 o ol)lo dojMio

A) It is recessive.
B) It is dominant.
C) It is pleiotropic.
D) It is epistatic.

L4 Exercise 22

Phenylketonuria (PKU) is a recessive human
disorder in which an individual cannot
appropriately metabolize the amino acid
phenylalanine. This amino acid is not
naturally produced by humans. Which of the
Following treatments would be most

efFective For people with PKU?

dyiso Lgi] (A
B35kw Lgil (L
JKo3l s a=i0 dil (g
Olull Ggal il (>

| ETEEY) %
lybsl o (PKU) Joull go gisS Juiadll yogb
QMR w3y gubiwg B Cu> Gle (§—in
@ity 3 omwlio JSin 04381 Jaisd Guell paeall
00§l .oaub JSiv Guoll paeall 1 oLuwigl
oLsibl dyleld yisi (9w dlill lovsll
cLlybusl g pumliaoll

A) Feed them the substrate that can be
metabolized into phenylalanine.

B) Regulate the diet of the affected
persons to severely limit the uptake of
phenylalanine.

C) Feed the patients the missing enzymes
in a regular cycle, such as twice per week.
D) Feed the patients an excess of the

missing product.

Jriad I gl oSay I185:5))l @golab] (A
ool

320 onbaell polual Jliall plail eybis (B
o8l Juiudll soloiol oo 6

819> § 83saaall OLay8L woall dy545 (C
ol § usire Jio dabiiio

Sgiiall aiiall oo 8331) daS 9oyl esbl (D
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% Exercise 23

Q-OLLY
NSMO

The Following question refers to the
pedigree chart in the Figure for a Family,
some of whose members exhibit the
dominant trait, W. Affected individuals
are indicated by a dark square or circle.

What is the genotype of individual 11-5

JSidl § Cunidl bbivo JI JW JIgadl iy
daall Loslysi yosy yebs (dlall polaJI
ol @iyes o2 y5ladl 3931 U1 yLing S35l
.dis1s 615

11-5 3)2l Gull bodll go o

1

I =

i OI&ZJ:M)
11

. &

A) ww
B) Ww
C)ww

D) ww or Ww

L4 Exercise 24
The Following question refers to the
pedigree chart in the Figure for a Family,
some of whose members exhibit the
dominant trait, W. Affected individuals
are indicated by a dark square or circle.
What is the probability that individual llI-

1is Ww?

ww (A
Www (B
WW (C

ww or Ww (D

PE ) @
JSidl § Gunidl bhbivo JI JWH JIgadl iy
daall Loshysi yosy yebs ([dlall polaJI
ol @yes o2 y5liadl 3931 U1 yLing S35l
.dis1s 615
SWw g9 1111 381 (9% ol Jloisl go Lo

1

O——®

2

,, orﬂjﬁ—%wé?&’;é?
il

213 4

A)3/4
B)1/4
C) 2/4
D)1

P

3/4(
1/4 (B

2/4(C
1(D

ibgll cilyalyllg aglall slalg
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% Exercise 25

The Figure shows the pedigree for a
family. Dark-shaded symbols represent
individuals with one of the two major
types of

colon cancer. Numbers

under the symbols are the individual's

Q-OLLY
NSMO

o wuyi %
dllball jgo I Jieod .dlall cuw Jsuill auog
oxuil opegill Aok guliaall golonidl
o jgayl ez eLd)31 .ogledll olby—w (o
29531 el pi eyl Cdg 3;A1 yas

PlgL OLlg Ol o)l
doll 030 ol gaw 1 130 ALl bbswe o

D) as an autosomal dominant

age at the time of diagnosis. Males are :dig )90
represented by squares, Females by
circles.
From this pedigree, this trait seems to be
inherited:
68
]
53]
T o
o M
v
20
A) From mothers Wlgodl oo (A
B) as an autosomal recessive Olog wgog Sl Je ddgoswo dusiio da o (B
C) as a result of epistasis LTRWEN ||

iyl o5 dns (C

Ologwgog Sl e dlgase 633w da oS (D

ibgll cilyalyllg aglall slalg
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? Exercise 26 ) b

Which of the Following statements is 3
correct explanation For the observation
that all offspring exhibit a phenotype
For a particular trait that appearstobea

blend of the two parental varieties?

oo awidi 3y Ul Ol go i
b s Juudll groz b 3ud5 GUI dbodal
90.9_._)_9.!3' Oriuall

A) Neither of the parental genes is
dominant over the other.

B) The genes for the trait are dominant in
both of the parents.

C) The genes are linked and do not
separate during meiosis.

D) The genes for the trait are recessive in

both of the parents.

5381 Je diga¥l oyl o sl dgu 3 (A

02 Igl S § 635w dawd| Oliyz (S5 (B
plwaidl el Jaais 39 wliuadl bui)i (C
auaiall

2 Igl S § dynisio dawll Ol (D

L4 Exercise 27
Red-green color blindness is a sex-linked
recessive trait in humans. Two people
with normal color vision have a color-
blind son. What are the genotypes of the

parents?

PV ey %
dasiilo dio g0 yubS3lg yoo Bl ¢lgldl oc
olsiei gluasii y—iull § guizlb dbyiye
ooy VLuoo (il Lagal dusub olgli g
O3l go JSJ dyigall jybll o Lo .olgl¥l

€pe3lg

A) X"Xn and X"Y
B) X"XNand X"Y
C) X"XNand XY

D) X"X"and XY

X"X"and X"Y (A
XXM and X"Y (B
XNXN and XY (C

X"X"and X"Y (D

ibgll cilyalyllg aglall slalg
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L4 Exercise 28

Generally, only female cats have the
tortoiseshell phenotype For Fur color.
Which of the Ffollowing statements

explains this phenomenon?

Q-OLLY
NSMO

PA )y %
bwdll LgaaJ bad OLAI bhbdll ole JSin

Ohlsll go i .shall 9ol & il kol
€6 ol 030 sy dJUII

A) A male inherits only one allele of the X-
linked gene controlling hair color.

B) The Y chromosome has a gene blocking
orange coloration.

C) Only males can have Barr bodies.

D) Multiple crossovers on the Y
chromosome prevent orange pigment

production.

L4 Exercise 29
In humans, clear gender differentiation
occurs not at Fertilization, but after the
second month of gestation. Which of the
Following statements describes the First

event of this differentiation?

3 huiyall gusdl o bid 13519 ST Sl &y (A
soill ool § pSaxiy I X

ol czza a2 Je Y pg—wgog Sl sgin (B
IEA]

ob plual e Jpasll pgisay yoSiJl basd (C

Y pg—wgogyXl e 83asiall Jdl @llac (D
a3yl davall 2l gies

racuyy ¥
szl o il saloll Gy ¥ il §
oo JUJl jg—idl asy 99 Wloasdl adic
Ganl oy Il OlhLsl go i .Joll

<leill 13g) Jo3l

A) formation of testosterone in male
embryos

B) Formation of estrogens in Ffemale
embryos

C) activation of SRY in male embryos and
masculinization of the gonads

D) activation of SRY in females and

fFeminization of the gonads

0653l dix 8l § g pmgimil] 950y 95T (A
doiidl din8l § puzgyiwdl 990y (eI (B
saall 1S3y )eSill dinl § SRY Ju=ai (C
dylwlil] 338l euyilig GUY G SRY Jymai (

ibgll cilyalyllg aglall slalg
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% Exercise 30

Q-OLLY
NSMO

Pseudohypertrophic muscular
dystrophy is a human disorder that
causes gradual deterioration of the
muscles. Only boys are affected, and
they are always born to phenotypically
normal parents. Due to the severity of

the disease, the boys die in their teens. Is

S Glybsl 9o yorall Juasll sl
Pl .odasl G2 )33l 923 Gy
omsle (298 Lails ggatg: g bid 3393l
& 33981 ©igay Y6 yall 83— L .G ol
cn 9952 of Jaimall go Jo ddolyall g
J Saiie g 3w Juli 90 bbbl lio
el puiadL dbyiye daull 0o dllyg

B) recessive, autosomal
C) recessive, sex-linked

D) incomplete dominant, sex-linked

% Exercise 31
Which of the Following individuals will
inherit an X-linked allele from a man who

carries it?

this disorder likely to be caused by a Sdaounll Ologmgog sl
dominant or recessive allele? Is the

inheritance of this trait sex-linked or

autosomal?

A) dominant, sex-linked ol buiye 35w (A

drouzl| Glogwgog) Sl e + dimisio (B
o] dlauiyo + disiio (C

il buiyall s doli e 63w (D

Pleuydd %
2 buiyoll Ja3l &y a1 31,831 G0
Sdlou J=) oo X

A) all of his daughters
B) half of his daughters
C) all of his sons

D) all of his children

Ll dily gras (A
dily ol (B

19531 Lyl gro> (C

EURlg HoSUI all JS (I

)
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L4 Exercise 32
Glucose-6-phosphate dehydrogenase
deficiency (G6PD) is inherited as an X-linked
recessive allele in humans. A woman whose

father suffered From G6PD marries a normal

man. What proportion of their sons is

Q-OLLY
NSMO

| RETEEY] %

buiye ke JULS (GEPD) pujil podi Cygl
dle 8lyol 2955 y—indl § X pg—wg09ySILy
i o2 Lo .s3le J=)2 G6PD (o Lo aJlg

SG6PD lgigSy ol @dgiall pgilui

expected to be G6PD?

A)100% 71 (A
B)1/4 eN(B
Q) 1/2 PN(C
D) zero a0 (D

% Exercise33

Use the Following information to answer

In 3 Drosophila experiment, a cross was
made between homozygous wild-type
Females and yellow-bodied males. All the
resulting Fi1s were phenotypically wild
type. However, adult flies of the F2

generation (resulting from mating of the

the question:
male wild
male yellow
female wild

Je lopl d il Ologlaall pasiwl
:JIgal

123

116

240
OB a2l Joc o3 dgslall LL3 dyyai §
195319 53l g9l o Wliazl dlilaio SU)
oo d25Ull F1s gros Culs . owall 4ol
QLI oLS U3 Rag .yghiall syl ggill
ol (F1s 29155 e W) F2 Jusdl oo @UJI
i WS . JSidl § doisgall palluail o

F1s) had the characteristics shown in the o3l gl Habioll Judl Eu ygi
figure. How is the mutant allele Ffor

yellow body inherited?

A) It is recessive. duiito Lgil (A
B) It is codominant. ldl go (B
C) It is dominant. diougall lgi] (C
D) It is incompletely dominant. Jol8 e JSuin diougo L@Ji (D

ibgll cilyalyllg aglall slalg



Ooe, o000 D= /5 °
ERUNNEE 03 Q-0
pil il ayljg d_2g 0 NSMO
Ministry of Education Mawhiba
? Exercise 34 E oy ?
Use the Following map of four genes on a | e Olias dsu)y¥ dJll dlby y3JI ISiwl -
chromosome to answer the question. JIguwll e oMW pggoeg Sl
Between which two genes would you
expect the highest Ffrequency of | Scusyllosled ), u.l.::i 29935 (i '~§i O
recombination?
T e T a3 12 §
A)Aand W Aand W (A
B)Eand G Eand G (B
C)AandE AandE (C
D)Aand G AandG (D
? Exercise 35 | JETERY) L4

If cell X enters meiosis, and
nondisjunction of one chromosome
occurs in one of its daughter cells during

meiosis 1, how will this affect the

lg boiall pluudidl § X dyll Gl 13)
S>>l ,3 Aolg pg—wgog)s Jluadil Ga=y
M Gaioll plawisdl cUsl saugll Lol
JLais] e gloinodl e U3 yiga—w Gasd

B) Half of the gametes descended from cell
X will be n +1,and half willben-1.

C) One-quarter of the gametes descended
from cell X will be n + 1, one-quarter will be
n -1,and half will be n.

D) Two of the Four gametes descended
from cell X will be haploid, and two will be

diploid.

gametes at the completion of meiosis? Suaioll plwiidl
A) All the gametes descended from cell X | X dsJl ¢po 8)3iall gluino¥l Qo> (9Siw (A
will be diploid. Dasll dols

095aw X ddzJl (0 8)3miall gluinedl b oi (B
N -1 095 y33l Guaillg . n +1

X0+ ddsdl o 6)amiall glie¥l 21y oS (C
N @aill HeSuwg N -1 g gyllg .1

30 8yaouiall dsy¥l 2Ll o oSl ogSuw (D
L5 oLeSiw olidlg . saall sslsl X dulsll

il

ibgll cilyalyllg aglall slalg
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% Exercise 36

Of the Following human aneuploidies, which | dusu o)l dsuall Jisl O3ls o o
is the one that generally has the most severe | L3goc Lgl (&UI clli (0 Lo ,dJLiI d y—sial
impact on the health of the individual? 'E.\_,.é]l i Je ¥l ).ui.n.ll
A) 47, trisomy 21 Pl @8gall § Ologwgog)S didG . EV(A
B) 47, XXY XXY . &V (v
C) 47, XXX XXX €V (g
D) 45, X X.€0(>
? Exercise 37 PV o)y 9

Abnormal chromosomes are frequently Gd.n.ﬂ.ub.")u‘- Ologwgog Sl agi bo |yuis
Found in malignant tumors. Errors such as | OGldece Jio closi §;§.’i A9 .disll ‘oIJQ’SI
translocation may place a gene in close | Gblio o WAL Gudl o9 JI J-aill
proximity to different control regions. | &las3l oo §i J dwbio sl psull
Which of the Following events might then | byl JsaJ U3 asy Sasy a8 AWl

occur to make the cancer worse? ':'ig.wi
A) anincrease in nondisjunction Jlaaidl pac 850 (A
B) expression of inappropriate gene dadMall jue duusdl Olauiall e jusill (B
products oluwaidl 3yl § polasil (C
C) a decrease in mitotic frequency pelie] .3 dilo yud | LM Jid (D

D) fFailure of the cancer cells to multiply

% Exercise 38 PA oy ?
A woman is found to have 47 chromosomes, | ,09—wgog)S EV LgiaJ Si).ol Je )il o3
including three X chromosomes. Which of the | ., 5 Gi X Olog—wgog)S didS ¢yodis
Following statements describes her expected Sgbodl jlybdl oy dJLUl OlyLisll

phenotype? <slg 899“"] |
A) a female with masculine characteristics

such as Facial hair d>gll ysui Jio diygSd yailas wld Gull (A
B) an apparent male who is sterile Esic gog S| ol (B

C) healthy female of slightly above-average | buwgioll (o Julés Ulsi Jdob Wl3 dsuo Lc;,\JI (C

height doysc Sl (D

D) a sterile fFemale
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¥ Exercise 39
Use the Following Figure to answer the gl e o JWI Yl pasiwl

question:

5

The pedigree in the Figure shows the GMJMIMIGdMIhm&my
transmission of a trait in a particular | (gSi i JLiLA] b e £Ly .diase dlile

Family. Based on this pattern of 223l e davall
transmission, the trait is most likely:

A) mitochondrial byaSginal| Olus (o (A
B) sex-linked dominant o] douiye 635w (B
C) sex-linked recessive ol duliyo disiio (C
D) autosomal dominant drouz]| Ologwgog Sl Je 635w (D

% Exercise 40

Mitochondrial DNAis primarily involved | JSXin L jaiSgiaoll S99l Yol [ ] Y]
in coding For proteins needed For | afiso) dojWIl OLig | yas i 3 @»I_mi
protein complexes of the electron | .ATP guiualg (9)isI3l Jis dlwdw 3 oxgyll
transport chain and ATP synthase. o L)jdiSgioll Ola> 3 Olyabll ol U
Therefore, mutations in mitochondrial | Gllesll ()0 q__;i A S JSin )i oi lg.’\Lai‘:
genes would most affect which of the cdJWl

Following processes?

A) DNA synthesis in cells of the immune delioll jlg= LS § 994l paeall Gd=d (A
system slyoadl pall ©L,S | prouns 3l dSy> (B
B) the movement of oxygen into erythrocytes OMas)l L § ATP g (C
C) generation of ATP in muscle cells gl dilioll @Jgdl 02353 (D

D) the storage of urine in the urinary bladder
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ﬁ? The Molecular Basic of Inheritance a_iljgll _jujall uwbwill i

DNA is the genetic material :duusJl 63lJI g DNA

& 3 gog puisall § DNA ) Guig) JSiiy peredly slalallg ipuylaall 3poli i g,20 auol DNA syl
=¥l clole) 13uS Gasd Jicy molecules of inheritance dlygll OLL 3> 2335 oS (o il 48l Jilol

Evidence That DNA Can Transform :LipisSul Jgai gl Sas DNA i le alaill o
Bacteria

Qlgldl 3o vaccine gl yghi Jgly Frederick Griffith eay dlayyp ob bulo L5 1928 ple §
3G sl wlgddl o wi Ly og (Streptococcus pneumoniae ywy3q olS pneumonia §93,JI
Oloadl

»E 5)>3lg pathogenic dud oo Loolas| LSl oo (olegs) two strains LM w Cuayy> sl oS
(harmless 6)Ls ju£) nonpathogenic (6l yoM duo

Ll bls o 8l)=JL pathogenic bacteria yéyel du—wnoll sl Ji8 Lodic il S| Losic > Las
duxdl LM pasy cou ol .nonpathogenic strain ddyonll yae dIMuwdl o dial LSl go duadl
(ISl 1) it pono

digyge duoyall @ umill e 8)38ll og Gya> acquired trait diwiSoll disall 030 18 3 e 8gMe
all the descendants of the transformed dJg=uladl L il slasi &0 J19 o inherited
bacteria

heritable change S_.ZingJI,M.é:.'JI 130 § dixoll dib yooll LM dileusIl OlgSall yas) Cumi 9w lo e
63loll digo d9y20 pac o peyll Je

Sl b1 § i gl Je 5= o3l Lol transFormation Jgaul aowl 8yelall 0o e Griffith lbl
external 9:?.,!:&" DNA J dJ=Jl assimilation yolbaiel cuws phenotype §J3MI5IJHI9 genotype
.DNA

transforming dJg=wll 63Lall Oswald Avery, Maclyn McCarty, and Colin MacLeod clolsall 33>
DNA lgil Jc substance

DNA e loglall dIS i aSSiinio clolll Jb ¢llS gog
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Evidence That Viral DNA Can :LiUAll daop aiSas —wgpall DNA i Lle Jula »
Program Cells

cad Gl olwguall olwlys ;o genetic material duazJl 63lall 9o DNA ol Je QL3 JJ il el -
(JSadl § LaS) byuasil
oloisl phagesj=l8 9| ("Ll cLlSI" G=3 @JI) bacteriophages j>18g) i) Olwguall 030 ows -

FARNL L & 0 YN G A ) g Adua JAI CSas JA 1 lediol
inquiry: Can a genetic trait be transferred between different bacterial strains?
Ol oS .Streptococcus pneumoniae & x5S Ga G Endi ja dli s B (w3 1dy 23
L LOAD Y Ol a0 Aysana 9 ¢ O AR (B (5 50 g (slealall) § Al e
A S ) (A32AY) R ADd) LA JEE O gaall (o Uall Jlgad) (a Lgand A A A geasS
(OBl O R Sy s G ¢ dpal paY) Aas JLEAY G210 Apess £ A
Experiment: Frederick Griffith studied two strains of the bacterium
Streptococcus pneumoniae. The S (smooth) strain can cause pneumonia in
mice; it is pathogenic because the cells have an outer capsule that protects
them from an animal’s immune system. Cells of the R (rough) strain lack a
capsule and are nonpathogenic. To test for the trait of pathogenicity, Griffith
injected mice with the two strains.

S Auall LAY R 4all LAY Sl ARl S LMAY  Algial) § LAY ¢ hagla
(oS Gl sl dgpunall) (S5 858 Gasall e ¥) (oSS Gasall dyas 52) R Al LA 53 ) ally
Living S cells  Living R cells Heat-killed S cells Mixture of heat-
(pathogenic  (nonpathogenic (nonpathogenic  killed S cells and
control) control) control llvmg R cells
Results

Mouse dies  Mouse healthy Mouse healthy Mouse dles

S8 e gl a3 ¢ aa0 i 31N blood sample, living S cells —@
A b Lee < A3 ag 4l Were found. They could @

S LA ¢ 2y 3l reproduce, yielding more S cells.

&@Jﬂﬂeﬁﬁ‘,ﬁ)ﬁ34&%|ﬁ&bﬂ$lﬂﬁd}@\R%dﬂﬁﬁ?ﬁ:Laﬂ&.h
Y g adia e R DAY cuiSa ) Al § LAY

Conclusion: The living R bacteria had been transformed into pathogenic S
bacteria by an unknown, heritable substance from the dead S cells that
enabled the R cells to make capsules.
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Additional Evidence That DNA Is the duiljg 6ale g DNA (i Lle sala] Jula w

Genetic material

T2 Ul 431 ol Salal) gb (5558 Glaaall gi uigual) Jo 1 byl
inquiry: is protein or DNA the genetic material of phage T2?
Al T2 laldl ¢ g A5 DNAY O sl smede gl ghos gil) 5 adiall iy 5 (o U Jla g (o b 23 il padi) 12 ,230)
Sl Ga s jall ZUEY Lgta s 3ale) agiSar s LOAD Jaay el sall odb e g A8 jaa 1 gl i 4B 4 00 LYIAY culual
Experiment : Alfred Hershey and Martha Chase used radioactive sulfur and phosphorus to trace the fates of
protein and DNA, respectively, of T2 phages that infected bacterial cells. They wanted to see which of these
molecules entered the cells and could reprogram them to make more phages

© Mixed radioactively @ Agitated the mixture in €©) Centrifuged the mixture ) Measured the
labeled phages with a blender to free phage so that bacteria formed a radioactivity in
bacteria. The phages parts outside the pellet at the bottom of the pellet and
infected the bacterial cells. bacteria from the cells. the test tube; free phages  the liquid.
Empty " PN andl_pI'\‘age parts, v:g-ich
@ @ Radioactive ? I, arelighter, remained L
Phage{ _f___ ( protein protein she #5071 suspended in the liquid. ?::;chgzzm)
. found in liquid
Bacterial cell @ 4
" Ay

Batch 1: Phages were &— DNA y \
grown with radioactive ‘g
sulfur (3%5), which was Phage
incorporated into phage ¢ DNA
protein (pink). — —
( (ﬁ Centrifuge
” S
Pellet (bacterial

. cells and contents)
IR/ f

D &

Batch 2: Phages were i " \ %
grown with radioactive .

phosphorus (32P), which Pr———
was incorporated into : ). A :’ RNy ry

—
phage DNA (blue). : f % Centrifuge /
- '_,/‘ (
Pellet (phage DNA)
found in pellet

(ol ogiall o5 ¢ (2 Akal)) DNA pslad o Lasie (S5 ¢ LDIA £ (o lady) BLAIN (J5 ¢ (1 A%all) lils ol pulad o Lasie £l
a1 (20 aea B il Andiall lalill DNA (5 (5583 (Al LYAY wilki LYAD Jah olad) bl
Results: When proteins were labeled (batch 1), radioactivity remained outside the cells, but when DNA was
labeled (batch 2), radioactivity was found inside the cells. Cells containing radioactive phage DNA released
new phages with some radioactive phosphorus.
¢ O Gatly ¢ DNA O (o) sy ol p Oald | Ja ol cilaldll @il g Ol ¢ 4,550 LAY DNA Phage @lia ladial)
T2 gl A8 5 3alas Jany
Conclusion: Phage DNA entered bacterial cells, but phage proteins did not. Hershey and Chase concluded
that DNA, not protein, functions as the genetic material of phage T2.

Radioactivity
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oyl i gl ilrausll jide (o ela dyinall aLall g DNA i Lle AT Juls B

C A T )iiasinsacls 5o DNA SasslSsn sasise IS 0550 DNA B oSG
Ao pene s 5 (ieal) live Ao sane ;s ¢ (BUf) Dty Su2 Se (G S -
 Aanlos ALl Al Al i panall S il l€ ) saly Tl i

aania ld sel gl gte gllaw ll 3 el ey S5 elins gall e MALLIM (€0

sie) 3 Gkl ) (i il e san sie) 5 CiLLN G « Aaladl 4 25,06,

Al s 3 e KU Al JE Y ) 33 55 (LSl e OH 7 Ao sana
The structure of a DNA strand. Each DNA nucleotide monomer consists
of a nitrogenous base (T, A, C, or G), the sugar deoxyribose (blue), and a
phosphate group (yellow). The phosphate group of one nucleotide is
attached to the sugar of the next by a covalent bond, forming a
“backbone” of alternating phosphates and sugars from which the bases
project. A polynucleotide strand has directionality, from the 5" end (with
the phosphate group) to the 3’ end (with the -OH group of the sugar).
5" and 3’ refer to the numbers assigned to the carbons in the sugar ring.

Sugar-phosphate backbone Nitrogenous bases

5'end
O\\
o
T
i p\

0}
Thymine (T)
Guanine (G)
Cytosine (C)

I

Adenine (A)

0
\5
Phosphate Ha -
group 4 J
H ’ H

OH H
Sugar H
DNA (deoxyribose)
nucleotide Nitrogenous base
3'end

.Erwin Chargaff

0o yodlg2 e 83lic DNA ol Bgymall go oS -
.polymer of nucleotides Wlaigalsgaill
diasg yui 6a-cl8 :ligo &M Lgio JSIg
o= swlas )Swg .nitrogenous base
pentose sugar called jg) —SwSg-2>
Ola__wg-9 dcgo_m o9 .deoxyribose
(JSadl yasl) phosphate group

ol (A) adenine o 6aclall po<i ol Koy -
{C) cytosine gi (G) guanine 97 (T) thymine
base Gwlwdl cuSydl Juloi Chargaff old -
OWKI (o 33c (0o DNA ] composition
Syl ol 53 1950 ple § i dalisall dyall
21 dlggs oo wlizy DNAJ Gwlwil
0032.8% ol 329 «JUiedl Juuw Jc -
Lg/ sea urchinyaull 3aid) DNA OlayiglSgs
0—0304%M€ ol o> & A sxclall
8aclill lg) human g y—indl DNA OlaggalSg.s
LS o0 DNA GlayigulSeus oro s 24.7%g A
Asaclall g £ coli

o Sl goidl Je Chargaff Jds ] -
doduadl 63Loll L5 _isyo DNA J =3 glgidl
.genetic material

G § 1D WLl LAyl Chargaff by -
ratios of nucleotide OlauigalSguill aclgd
Solwn A 33 oS dw)> 95 JSIDNA g .bases
C s9lwy G 32cg . Taae

xelgd el olyef ol obile ouof -

:Chargaff's rules
eloi8l om ool paexl 3cl8 (agST wlizy (1)

Co G xelg) duuily JI 9o LoS 153585 dyglusiio Tg A elgil digiall cuudll 0sSi g3 JSI (2)

71
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Building a Structural model of DNA: alell Jlg—udl DNA 1S} a3gai cl i w

Scientific Inquiry

Sy (Soy xS 33 § Jiey sl olS diiyzl] 63lall go DNA ol >3l clale plaso glidl 3z -
role in inheritance dilygJl 3 )93 yuai ol DNA structure

Crickg Watson guallall dhuwlgs @5 helical dgils DNA JSi ol Ge 25l 15 -

»ebu two strands gabus 0 95 helix wdgll ol Jdl 8)9—all 0o § 39>90ll pattern baidl y, iy -
(JWI JSadl) § 6agasll dalisuall didyias pasy § sggill paeall

DNA can be illustrated in many ways, but all diagrams represent > _DNA S
the same basic structure. The level of detail shown depends on s - Phosphate grou /nucleotide Sugar-phosphate
the process or the type of information being conveyed. i \\ B atiac “’ 5 “"b""'
P! P g Y ¢ backbone
\ \ Nitrogenous base :
> Bases AT PSR o
r 0.34 nm DN HE 2
Structural Images SR \ i
I’:\eestii::;r::‘;z:‘glezgzgg R .. Covalent sugar-phosphate bonds link C\HZ

“the nucleotides of each strand.

\\ o
-0~ \ Hydrogen bonds (dottzd lines) between
One full nitrogenous bases hold the strands together.

turn evel H; (
10 base rgalrs &
(34n

of the DNA double helix (left)
and chemical details of DNA's
structure (right). Both images
use the same colors for
phosphate groups (yellow),
deoxyribose sugars (blue), and
nitrogenous bases (shades of green
and orange).

P’D Van der Waals muractnons between stacked
The DNA double helix is o base pairs help hold the molecule together. \ o
right-handed, as shown 3 0~y %
in this computer-generated —OH
space-filling model. Use IR, 2
your right hand as shown to SgFall  -- - W& _ - -B- - - - - - 3’ carbon “e»OH
follow the sugar-phosphate 3"end

Qo
Here, the two DNA strands are shown untwisted so it's easier to see ‘O’P\\
the chemical details. Note that the strands are antiparallel—they are 5 end
oriented in opposite directions, like the lanes of a divided street. vl

backbone up the helix (
(red arrow) and around to |
the back. (It won't work
with your left hand)

o Describe the bonds that hold together the nucleotides in one DNA strand. Then
compare them with the bonds that hold the two DNA strands together.

Diameter 2 nm

( Simplified Images When molecular detail is not necessary, DNA is portrayed in a range
5 3 of simplified diagrams, depending on the focus of the figure.

Nitrogenous 5' 3' 5 3 53 5231
bases
Sugar-
phosphate
backbone
OH
=R 5’ 3 5 £y - L
These flattened “ladder style” diagrams of DNA depict the sugar-phosphate Sometimes the
3 5 backbones like the side rails of a ladder, with the base pairs as rungs. Light double-stranded
blue is used to indicate the more recently synthesized strand. DNA molecule is
The “ribbons” in these simplified double helix shown simply as

diagrams represent the sugar-phosphate backbones. two straight lines.

e Compare the information conveyed in the three ladder diagrams.

( DNA Sequences Genetic information is carried in DNA as a linear sequence of nucleotides that may be
transcribed into mRNA and translated into a polypeptide. When focusing on the DNA

sequence, each nucleotide can be represented simply as the letter of its base: A, T, C, or G.

3-ACGTAAGCGGTTAAT-5
5-TGCATTCGCCAATTA-3
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negatively disuidl dJuw phosphate groups Olawgall Glegoso ibg Ai¥ iz (S8 Cudyi ols -
sloll do) Wl nitrogenous bases duiazg il aclgdll ilS Laiw (Jloll busall dg=lgo § charged
RUCIRVINC! 8l relatively hydrophobic Goud

Josi dac)dll Logilasg ol sl - antiparallel glijlgio olawgallg ySull oliluwlull 9oSi 23gaill 1o § -
P ololl cuiydl Jy3 eliSey their subunits run in opposite directions ga—wSlaio Haoll 3
.a rope ladder with rigid rungs diuo Ol>)a Juo>

rungs Ol>)all Jiaig .sugar-phosphate backbones Olawgallg ySuld dhuduadl dusldl JUsdl Jiod -
Form 3 helix g =l JaSiad clud| twisting @ Jua3 31 .duiuzg il aclgdll o a|9_)i

163320 WluSHu g933all il duuzg il aclgdll ¢l)3] @iy -

.adenine (A) with thymine (T), and guanine (G) with cytosine (C)

3 23gaill 130 oS .C go Cg A go A Jlall Juw e - Jially Jio oy selgill ol ggubly Jys il § -
uniform diameter‘oh'i.i.o,.bB d 29350l (g3l ol Jl il GJlg duid| dobdl Olly go Cuwlin

= Saclgill g dliniall olyiS3l go wilboll 132 Glgis 3 13Lo) i

4 >  Purine + purine: too wide P
Olaawos p3 o o liazgyis oliseld lao Tg C ol (u> § rolugrac

C C Pyrimidine + pyrimidine: too narmow | g (' Juod yud &0 UJ_)Q_U.” UIJ"SI O_)._>|9 dsl> Lo.ng ,pyrimidines
<:O O Purine + pyrimidine: width dOUble 3935‘0" USM ‘)‘99“0 _)b.9 dic a""-’ kS‘)‘-” -LOQJ' a“J‘QJI

consistent with X-ray data

olidl> g duumgyi 2clgd og purines Ol yga e 8)lic Gg A -

Jhelix
structure of -)"CIS-QJI d-‘-*-{)J LG"LQJ UI.)’-gw d*-gL‘D! d.uogm SJlo UQSJ Ui (L] dJi é,lJ_)SQ Ug_.wu|9 QW | -
.the bases

go hydrogen bonds duinzg)3s0 bulg) S LgiSey diliass dawils Olegomo e 8acl8 S sgims
JSiing ‘T go bisdg T 20 two hydrogen bonds (uixiazg)aud gaidaaly 1955 A J Sy i liall 1Sy yub
.C g0 bhidg C o three hydrogen bonds duu=g)3a bulg) 33U G

A pairs with T,and G pairs with C ,)Laisb

DNA csj= Jhus 2ol 095 lai - dlgll § lg=)ivg Chargaff wuws jLicil § Watson-Crick z3gaj il

\ e A=lg bus § G o8 /Jialbg T d by il by yidl o8 A e sgiy

rx ‘._4...;‘>_\§*« /;,VQ/—(N_%N>—> .complementary strand u,l...o.S.».lI busJl 3 C o Ladls (o yidy

i f\ e ”_/N_F,.‘o} Sy | G draSg /T dseS Solwi A dpaS ol 1> IS 8 DNA § ell] -
Sugar H

Adenine (A)  Thymine (T) Guanine (G)  Cytosine (C) .C duoS Solwd

RECEN] Y P IW F) ol oSaig DNA bhys JS Jgb e &l awigalSgull Juulus § restrict Jadi Jlio 9% 3 -
.unique base sequence 3,9 @uh»i Jabud i JSg (gl pas 3§y deyydl aclgsl)
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:a>3olg DNA eliss § o Olisigll (o M3asll Josi

many proteins work together in DNA replication and repair:

2clgill 335w o8l 3929 6,8 <l double helix ggajall ogall § dabglly JSugll o Bl Jous
draodl lgl) «awai cdgll § o330l ol Jl elyySg pausly 3B s3I olgldl Garog o DNA § dyiyzg il
cwbwdl o83l sclgal duauboll

G sl J] o831 22 jgwlwdl farall

the Basic Principle: Base Pairing to a template Strand 3

DNA .y yolsl Liz3gas o31":DNA replicates )5 duuS Jo= logindys elyySg o gumily pussl duli d)9 §
Ji8 ail Juzu 330 complementary Jwuso logio JS .pair of templates wllgdll (o 29) &8lg)l § 50
Al i) IS dlwdw JS Josd 05 .¢Moadiy olilwlwll elSaiy «dszg)ugll bulgyll j s |l
Sgdle .S o 1S 3>lg W S Cus i Jududl o lagj dilgdl § s 99 Cusy ilgmai) 833> di>bias
"Lad 17ySo aclgdll 2lojl Jusund ¢y 9Sim well3 e

duwlwdl Crick g Watson 6,58 (JUl Jsiall) qusgy -

Q'AAAJ\UAM;J'A&?E cw\‘;&gbﬂl‘aﬂj\ \:\AQA,WM‘Y\?W\ :é}ﬂ\ U'AAA-“J\JSSJG:UAS
958 paaad) b gid S0l (30 ¢y ol Jhas a0 il Aay ) £) oW () 355 M) JSEY) 5 9630
L S jall (5 998 Gaaad) i) 6N Goll Jhas ¢ Gl gl 25 5 A B9 gall
A model for DNA replication: the basic concept. In this simplified illustration, a short
segment of DNA has been untwisted. Simple shapes symbolize the four kinds of
bases. Dark blue represents DNA strands present in the parental molecule; light
blue represents newly synthesized DNA.

5 | 3 5 | 3 5 | 3 5 3
3 5 3 5' 3 5 3 5'
(a) The parental molecule has two complemen- | (b) First, the two DNA strands are separated. (c) Nucleotides complementary to the parental
tary strands of DNA. Each base is paired by Each parental strand can now serve as a (dark blue) strand are connected to form the
hydrogen bonding with its specific partner, template for a new, complementary sugar-phosphate backbones of the new
A with T and G with C. strand. "daughter" (light blue) strands.
uﬂa&wb»ub 9#‘)1‘ 3> g (55 Gmanll b gt Juad iy ¢ Y 5! Bl AL lagi IS 5l Ja
°->°‘-9d.5u‘3ﬂ!.ae.ﬁs»j“ ua-:ﬂ‘u—“ T35S Jany o s 5 Tad UK ) (K DSl Al J€ il (S1all 618 3
LS o e A 5 5o Al Al 5 S LS AL " gl saaall da sl i gill 5
LG T Al J(Aa3lall o1, 3l
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oo £532 JS lé .double helix replicates gg330Jl gl Guwiia Loic &l ¢ly ySg pgublg 235 Ly -

Lo g9ion Aolg busg ,§94‘24| £ o 3>lg @38 bus d 9w two daughter Guginl gaiajJI
semiconservative bLSlowll dubd 2390l 23g0idl 130 dioui liSay

dilasll a2 (8o )5 of diy yhy digs¥il J_wdlull 3923, conservative model bdlowall z3goill § Lol -
a1 sgix dispersive model Cuiirall g23godll (e U g3gas § (el £632)l bas @iy .sl)
(JSadl § Las) 393219 eua8ll DNA o auie e Jiloiall guuill J5 Gl dsa)3I DNA bgys

Ministry of Education

AN JADNA ) Ja g eiall Qlsth e yuad ¢ 5o (S ALy 7 ilad A0 DNA sl
G2l sl DNA .DNA LS5 (e ol g = LAY (e ¢ AT Galiad DNA g ¢ Ja¥) 48300 12
i 3,51 isa ¢ ginaall DNA ¢ Gal& (350
DNA replication: three alternative models. Each short segment of double helix
symbolizes the DNA within a cell. Beginning with a parent cell, we follow the
DNA for two more generations of cells—two rounds of DNA replication.
Parental DNA is dark blue; newly made DNA is light blue.

First Second
Parent cell replication replication
o3 sB8lal) 73 gai) (a) Conservative model.
O Bl YY) Bale) The two parental <

SNl g ¢ sayaq Strands, thus

O

awon 2 ace o FEStOring the
g Aal) Balatic)
> parental double m <

53V g s34 halix.

.. .- strands reassociate
sy 4 bl fer acting as
d gadl Q) g8S Jaxl) temiplates for new m

dsd i sadd (b) Semiconservative model.

.- The two strands

uadly -h‘t‘"“ of the parental / ’\/’\ <
£ W y4 molecule separate,

JS Jans g ¢ ol g and each functions m

i€ S Lagde 352 template for

i * .. . Synthesis of a new,

A S o plomentary / '\/'\ <

strand.

cidal) 73 gadl) (¢) Dispersive model.

e T34 tains a mixture of
958 Laaal) old and newly

L <o, Each strand of
L’.h;\ ‘;tGH both daughter I\\ A <
: =7 % molecules con- m AVA

iaadll g aadl) synthesized DNA.
RN
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Matthew Meselson Xl ,1950s _p‘lgi § LzgJoisill Liygad 1S agao § s3ugadd| Josll go puole 2s -
.(L";b'dl JSadl) ,3 doud gl MU 23ladl pay Wino diSS dyy=i and Franklin Stahl
ly,Sg oguiilg Lis LaS \DNA ,1,<i) semiconservative b3 lswall duid 2390l pg23li Cuacs -

Ul g g LS ¢ AN 23l e IS gy L ) il agail Stahl s

Sl of Dadladll apd of Jadladdl =3 saill DNA Fluiil aiy a2 jbadind)
inquiry: Does DNA replication follow the conservative, semiconservative, or dispersive

model?
Experiment: 2 )
@ Bacteria @ Bacteria ., .
L cultured in transferred <% b:"’“s:
i s 9,54 medium —> to medium , S o
plsstuls By with 1SN — — with1an N plasduds
(0 ki) 5N (heavy (- (lighter () )
isotope) isotope)
Results / \
©) DNA sample @ DNA sample Less
S = DNA 2= centrifuged centrifuged dense
A g e Y after first = after second g,
sl 3kl Sy replication replication More
S8 3 DNA A dense
b g g 2 AL
SR IR TN

Meselson &8 :dadial)

e o Aa il o3 (SN-HN), gl 655 el (pm LS BN Loy (8 581 (Bl ol i

Zhsalll Cumas dagi by ¢ Cumgl) s ailll 5ol Gmeal) e SIS U B i) gl Ladladll 23 saill
Aiila dud a5l Gmanl) LS5 ) | peald Gl Jadladl) dut 23 galll iacy il
Conclusion: Meselson and Stahl compared their results to those predicted by each of the
three models, as shown below. The first replication in the *N medium produced a band of
hybrid (**N-*N) DNA. This result eliminated the conservative model. The second
replication produced both light and hybrid DNA, a result that refuted the dispersive model

and supported the semiconservative model. They therefore conclud
replication is semiconservative.

ed that DNA

Predictions: First replication Second replication

Conservative

model

EAFAY/N = AR

Semiconservative TAVA . {

model A A
AYA)
W/

Dispersive AVA g NVA

model M YA :\\ ll)‘
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g DNA replication :DNA «acbai i

.DNA replication)|)S3 § other proteins Gpi Oliuig pg enzymes Oloy il 6 oo isT Ly -
.eukaryotes 6lgill dudii>g prokaryotes 6lgil dislay § dbiloio DNA guus dilac ol JI Olulyadl ypis -

Getting Started :cauJl =

w29 origins of replication wcluoil ,J..ai ol digno @Slgo § Wlog wgog)Sl) DNA wacluas Taw -

.nucleotides WlawigSgull (0 specific sequence dasw Juwdwd Lg) DNA (10 6 008 Olsliol
.single origin a>lg ,J.-ai dg circular U.nb oy Sl OlogugogySIl (po =l Jio (£ cOlipgmwgog)sS -
attach buiyg J—wl will 3o e initiate DNA replication DNA uu:l_.ml.\.u Gl wliigyll Oy=is -
replication elail "delad” ~iaig separating the two strands gaby yuidl gu Juosig DNA___
alesh es320l qus @iy G> both directions (uolasdl M § DNA cacliai yaiuy of (2 JSill) "bubble”
sl wlio eukaryotic chromosomeslgill Lixis Egwgegy W ;sS) 33 «5wisyl pgwgog,l puse e -
replication origins caclail Jguol oo B3 dsucy G

dl 6281 e dylgill 3 Fuse aoaiig Multiple replication bubbles 633550l gl oleldd JS i -
3 0lgil dyiyi> DNA caclias yoiuw LSl § Jl 9o LaSg (b JSidl]) 13> duglall DNA Ol guus @) i
both directions From each origin ,J.;ai JS o0 oroladdl s

29 replication Fork aclail dSgud 2>g, replication bubble wicLail deldd dlgi (o B)b JS§-
oo E'S-"i 6c ¢JyLii . DNA____J parental strands dygi3| db i3l el iy Cus Y Oy i e dabio
(c JSadl) unwinding eSadl dyoc 3 Olwigydl

wlSg—i § untwist the double helix 29330l wdglll €ld e Jasi Wloyjil e 8ylue Helicases -
db il d>lio lglexig separating the two parental strands dyga3l ¢yabo yuidl G Juodig .acliaill
template strands «J¥

single- by il c'i.p..\bi bu )l Olisig y buiyi parental strands ugaBl gaby y—idl J_adiy o ds -
63lel o lg=ioy Lo unpaired DNA strands d>g3j0ll yju£ DNA by y—in strand binding proteins
re-pairing oly83l

replication Fork waclaill dsgib J.8 lolipl)i'ST slg=lg clgill JI z933all gl untwisting cld S -

plasaidl 83lelg (g adg S @Giyb e dby ¥l 0lo relievey yi e acluy @3] 9o Topoisomerase
DNA db il J]
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E.coli 448 3 dsla) Jual

(a) Origin of replication in an E. coli cell

Origin of
replication

Parental (template) strand

Daughter (new) strand
—

Double-
stranded
DNA molecule

Repllcauon fork

Repllcatxon
bubble

Two daughter
DNA molecules

0.5um

2al s Jual 41 5 AV L 3l 5 £ colj Aladl p gus ga 5 S
G Ao (S5 5 ¢ Gl A oY) da gl Jualis Cioliaill Jadd

T e e AT el o cls ol Al s palasy)

Assi DNA <l ja e

The circular chromosome of E. coli and other
bacteria has only one origin of replication. The
parental strands separate there, forming a
replication bubble with two forks (red arrows).
Replication proceeds in both directions until the
forks meet on the other side, resulting in two
daughter DNA molecules.

31520 Adda 3 celonl) Jual

(b) Origins of replication in a eukaryotic cell

Origin of replication /Double«stranded DNA molecule
s

‘-
-

Parental (template) strand Daughter (new) strand

Replication fork

—
Bubble !

0.25 um

&b el o 2 ¢ o) gl Adidal el o gasga g <IN A
Joa 35all DNA e Jsb o adl sall e 2aall
) il g o lill) au g ) ) hall (pe S Als yall
Rl B (e peall agull) ulasyl DS b Caolua)
A gl o gpel) it Aolee JaiSi g oAl e
In a linear chromosome of a eukaryote,
replication bubbles form at many sites along the
giant DNA molecule during S phase of interphase.
The bubbles expand as replication proceeds in
both directions (red arrows). Eventually, the
bubbles fuse and synthesis of the daughter
strands is complete.

paaall Topoisomerase s«

agl) auntg 4lsa sy ga¥) gasth
¢ Jilaiall gl Apl A (5 AT 5 e
Al oo aaldl hdaal) CAdA Laa
Topoisomerase breaks, swivels,

and rejoins the parental DNA
ahead of the replication fork,
relieving the strain caused by
unwinding.

3134 guedls Primase ask
DNA alssichy « 4459 RNA
IS 5590

Primase synthesizes RNA

primers, using the parental
DNA as a template.

3

-— Replication
fork

Helicase unwinds
and separates
the parental
DNA strands.
Helicase =

Single-strand binding
proteins stabilize the un-
wound parental strands.

Talai Bl el g Jaas
bj:‘-“*'J‘AA:‘J LAl il o bl
559 DNA Amtal e .1:‘5%'5'1

e Jaxi DNA wiebaal oy o8 @i g oull (iang & LS (C
O o)) Anlad B e L) S g 04 IS B i gl
et g ¢ B (g el AS g1 (2 2 A ¢ el Jai
Pl b Las gl Apadlly ST (S0 DNA 55198
P

RNA
primer Some of the proteins involved in the initiation of

DNA replication. The same proteins function at
both replication forks in a replication bubble. For
simplicity, only the left-hand fork is shown, and
the DNA bases are drawn much larger in relation
to the proteins than they are in reality
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Synthesizing a New DNA Strand :aja2 DNA hua guiai -

templates wJlgd dyliay ()9S digy¥l DNAdb bl (o unwound LS8 o3 &I sections gbdll (31 y9gis -
633> complementary duuosS DNA db il CuS)yid

synthesis JuigalSoall 3o Gulii § initiate 13w o ooy 3 DNA giias &I Olaysigl old wells gog -
6acli diyido J=ally 639290 dluliw dilgi JI DNA WlagigulSes d8Ls] bhid ogise, .OF 3 polynucleotide
template strand cJlil by yill 20 base-paired

slaiol 28lgll § o DNA @i s lg=>Lw] @iy GVl initial nucleotide dag3l OlawiguSgull dl_wl_w -
primase eyji] dounlg) lg=aiual ping primer G3agoidL 0o RNA dlulw oui.DNA Guldg RNA o y00d
RNA GlagigalSes uidug 3=>lg RNA MigulSgu 20 complementary daiosi RNA dlulw Primase T -
template WS 59231 DNA by i plasiawly 331 gl 1319

daclall ol)3] @iy JWbg «OlagglSess 5-10 o Jgku ple JSivy .completed primer JoiSoll g3ugodl -
«S3sgaill RNAJ 3'end o 3321 DNA lny yis |3 template strand W@l by yidl ]

OlaigalSgu dSLs| Gayb (e 2932J DNA §ul5 DNA polymerases ol GUI wley 53l catalyze o -
Lo 839290 dlulwd 3'end ]

:DNA caclual § diuwndyll )lga3l plsl ol ol 93w SJg [DNA polymerases ¢o M2l o £ coli § -
.DNA polymerase |lg DNA polymerase Il

03l &> alise DNA polymerase 11 ge Ji 3 Lo Sl Q0 13827 ST ol Oliss § gogll -

DNA OlawigSes Llalgb Je wh uai «dlas DNA by, g c'i_ngi 65lo DNA polymerases phso cdhis -
.complementary duuoSiJI

J—olgy @3 RNA primer J] DNA 3y3g4lSg4 (DNA pol 11l 0y uaiss) DNA polymerase I sy £ co//'@ -
2221 DNA by yid dpolisall dalgil] J] «Jall 59131 DNA by yid) dlaSall DNA OlauigalSous dSLS)

OMg Saclidy Juaio ySw" (0 growing (yolidell DNA by i J| Slay nucleotide axigalSgss JS ¢Sy -
Syl Luéi gog "sugar attached to a base and to three phosphate groups dyiliungd Olegose
ATP-cs5=> §

Ox23381 A5galSg.i [ JATPg energy metabolism dSUnJl yaul § pasiwall ATP gy 3u>gll GMisdl -
—SwSg2 3l LUl o isugan Sl (950 g0 DNA 2i o § paiwoll adenine nucleotide
ATP block ©lasg § ribosejga )l (550 Laiy DNA block Olas>g § deoxyribosejgay

chemically Lilwous dloiss DNA G5 § dossiuall nucleotides Olausigalsgaill o9 ATP Jio -

8)iiamo yué degome Lgial triphosphate tails Oliwgdll 36 Jad of J| > cll3 g2, reactive
A | disuid| (10 unstable cluster

.dehydration reaction cloJl dlljl OMeldj jic 09590 JS dSLs| DNA polymerase @yl jamg -
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Wlewgdll o paicgozo 289 @iy - DNA by, i) growing end daoll dilgilb jogigo JS by iy Losic -
(®-®) pyrophosphate OlawgS gyl 0 £5jS
92 (@) inorganic phosphate gguasll jue Olauwgdll o iz J] ©Olawgdgyull §=>MI Jlall Yol -
(JSdl y00) 8palldl Jelas elyymi Je ackuy d8lall 3yl Jelai
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4iLa) DNA polymerase Jis: .DNA Jjd ) 4 1S 58 ddL)
G (il () aa ¢ aliial)l DNA iy (0 37 iphall ) 35 galS gl
il gl
Addition of a nucleotide to a DNA strand. DNA polymerase
catalyzes the addition of a nucleotide to the 3’ end of a
growing DNA strand, with the release of two phosphates

Laal) by ) allal) Jay 20
New strand Template strand

5’ 3 5’ 3

; OH
vﬂrv?& e-® 5
U/ py ro-

N " phosphate
Incoming ! '
nucleotide 5 ‘ °
s g3l gl 2@

AaNal
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Antiparallel Elongation :6abaiall dijlgiell allhiwill "

diolidl bus JS S oo different olaliso DNA oy, two ends ng ol B w bt s e
directionality

Logil S oo Jantiparallel glaladio zg350ll goilall § DNA o guboy—b ol8 elld J] dSLsglL o
wasll lagiasy) opposite directions gawslsio gaoldl § plg=g0

replication caclLias el LogugSi o3 ol Ul two new strands glagaadl glbasJl o< o oy lld) o
o dosl LWl by il antiparallel gawSlse Layi DNA

J! ii> double helix gga3all 9gjl=Jl § antiparallel arrangement s)jlgill sludiall Gyl o
replication «cbaoill &igas duassS Je f;@o)ub a) .DNA polymerases o3l duols 2o cuiz

S3godll o 6)=1 3'end Wyhll U] bhid wlaggalSeull oy a5 DNA polymerases ol8 «dusyd [5hi - e
5'end Wbl § pwlg .growing o Uikall DNA by yio ol primer

(JWI JSiad)) 3" 5" olzil § bnis ayazll DNALy i elongate oy ol oSos (Jllbg @

BlaosS Uy s 4iias DNA polymerase Il J ySoy template strand Wl by pidl 535l Jgb e - o
oldl 3" <5 ol=il § 332l DNA dlb| &yb oo joiwmo JSin complementary strand
.mandatory

i wly g 13 JLall by il Je replication Fork g—uwill dsg—i @ DNA pol lll by e
Fork progresses dSgidl padi 20 332l SuaSil bl Jl OlagigulSeull

S4g0d bss Cllhiog leading strand Ll by il A3l 03gy 0§y @iy GMUIDNA by i e §loy @
.JoWlJL leading strand cliJ DNA pol Il J Only one primer a>lg

Job e DNA pol Il Juosy ol wamy 3" « 5’ o33l oloddl § DNA o y3381 3l by, il dlby e
replication Fork waclail dSgib ,c direction awayliusy olauidl G >3 Wl by il

lagging strand,éi.".a.ll byl auwl ol=idl 130 § sioall DNA by b e @lb) o

lagging clu piy .elongates continuously yoiamo JS—in Jobu sill leading strand gusSe e ©
series of segments ghbill (o dlulws discontinuously ghdie JSin strand

JbWI @Jl=ll .Reiji Okazaki J| diws .Okazaki ghs lagging strand (o segments ghbdll 030 owi  ©
& 2sigalSe45 100-200 Jgbg £ coli § 3yigalSay 1000-2.000 Jlg=> g0 @bl o5 Lega ST s3]
Sl whibs

Jlio ol o> § 83519 dSaib Aic lagging strand ysbiall busl cliy § wlghsll (JWI Jill) pasey | @

JS jpasd s lagging strand 3 loiw Jleading strand Jc kS one primer a>lg U»Lwi Jdldsl
(0 g 0 ylighsll) Josie JSiy Okazaki clizl oo £j2
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aps o Jashddllan Nl 1 K DNA il gl galidl) oy p20) ol
DNA polymerase III s+ .over view @ s & 4 sall (5 el oo lial)
" st 5 g e 88 g Uals ) Und e ¢ A gle & JS5 e ¢ (DNA pol IIT)
st Hasll Jia Baaa (S pall & g2 jall Al Jaias 531 ¢ sliding clamp
DNA J Sl syl Jgha e DNA pol IIT <l j»% sliding clamp
Synthesis of the leading strand during DNA replication. This
diagram focuses on the left replication fork shown in the overview
box. DNA polymerase III (DNA pol III), shaped like a cupped hand,
is shown closely associated with a protein called the “sliding clamp”
that encircles the newly synthesized double helix like a doughnut.
The sliding clamp moves DNA pol III along the DNA template
strand.

Overview

T
Origin O lreplca'uon ing strand

Leading strand

R Overall directions

of replication

¢ gugaill RNA glial vy @ After RNA primer is made, o
Origin of

&akai 3 DNA pol Il iay DNA pol 1l starts to synthesize )in C
s P " the leading strand. replication

i) ladl) -
Single-strand binding proteins

RNA primer
Sliding clamp
DNA pol 11I

Parental DNA I

@ The leading strand is
elongated continuously

in the 5'— 3’ direction
as the fork progresses.

JSC (sl Jay B2 Al A

@3’ « 5 bléﬂgém
_3.&5.21\;.&3
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eod (@ U] © (o wighll) Okazaki fragment Shbsgl a.bs Jssiwiy DNA pol 11l @55l pgsy olasy e
63>1g DNA WlauigulSguis jglowall primer cS-‘-'-GNM RNA OlawigdSgws Jlawuwlb DNA pol | gm_p‘T el

(O sghsll) 5,53l gl

dsbal DNA JI § 3igalSos Jol JI 130 DNA J dlgill ol ssigalSoull ghd pus aabiuwg 3 DNA pol 1 oS) o

.8)9l>wall Okazaki

&b groa) wla wgallg yS ol dluwl _w by pgsy Cu> dagoll 03gs DNA |igase9mpip4yl[ogﬁ.g .
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Synthesis of the lagging strand Aliall day i) sy

Overview
Origin of replication

Leading strand Lagging strand
—
>~ Lagging strand  ~
T
Eal o< —
Leading strand

Overall directions
! of replication —

3 @ Primase joins RNA
nucleotides into a primer.

primerfor  Primase s @
Originof  leading - .
replication  strand ¢ RINA S8 gl g
Template 3 - 5 dgal
strand 5
@ DNA pol 111 adds "
¥ RNA primer ' DNA nucleotides to DNA pol ITI vz @
the primer, forming Aig Pl | DNA <l gl 9,;
for fragment 1 Okazaki fragment 1. ¢ o e

Okazakil ghiGiga«
o

© After reaching the l
next RNA primer to RNA U dsagh 12, ©
the right, DNA pol I1I

detaches. - ¢ Cadl) ) B (g ail)
Okazaki fragment 1

3

RNA primer
for fragment 2 l

iy a2 Askill juinian @
Fragment 2 is primed.

en DNA pol I1I adds DNA il g1 92 DN A pol ITT
nucleotides, detaching when it

reaches the fragment 1 primer. ~ ‘ i" -
gl 1 skl ) Juas

\

© DNA pol I replaces the RNA RNA difics DNApol I ©

with DNA, adding nucleotides <315 gal€ gail) Gudaa ¢ DNA=
to the 3’ end of fragment 1

(and, later, of fragment 2). LA;YJ) 1 3 - ‘{“
(2 Aakall
[1] EY
- AR AR AR A AR 5
@ DNA ligase forms ~a - .
a bond between the S dhid ; DNA ligase JSéu @
5 newest DNA and the ‘ ) 4akilt XN
3 DNA of fragment 1. @ The lagging 1 ANNA SJDNA

strand in this region - ~
is now complete. oy 80 oSS @
Ashidi ol 3 Alia
- 1] 3
Frrrrrrery ey
s Q@1 3| direction of replication
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ooljie J < i lagging strand ).-‘;Liiadl busll cLiug leading strand §.\Lg_uii.ll basdl cliy &aoy -
Ja=all juaing concurrently

SN sl Sy dunilly l8 55T @Sy o3 powdl 13g) lagging strand ySliall busdl duo s o3 -
dSgub ,3 S JB exposed WS iy ,5'\9_).5&.0.” by yidl (o 35 cj> JS e Sau ¥ lleading strand
acbadl

DNA wacbas (Jgazllg Jul Jsiall) pasl; -

Bacterial DNA replication Proteins and their Functions : lgailgg db juiSJl DNA waclai Oliaig y

Protein Function danboll
Helicase L3 Unvyind-s parental double helix at S o die é}:"\” cﬁ)‘“ O oladl Sliy
5’ replication forks CaeLoath
3"
< 5'
Single-strand binding Binds to and stabilizes single- a4ty g 3,)5'«]‘ DNA Lo piulas
protein 5 3 stranded DNA until it is used as a LGS daldaitid a1
‘% template ’ e
Topoisomerase Relieves overwinding strain ahead aeliatl) i€ ol J8 0 31 dasaiall Cagsy
5,@3, of replication forks by breaking, eyl sole) g ¢ a5 0 s 8k 0o
3 5’ swiveling, and rejoining DNA s
strands DNA =4 o
Primase Synthesizes an RNA primer at 5’ 5" skl é é*ﬁé—‘ﬂ\ RNA sln ?.33.-.‘
5'«8"3: end of leading strand and at 5’ e 5kl 8y gabuall day JAN e
[ end of each Okazaki fragment Sl Ly 2 TR
of lagging strand = :5<ll &= Okazaki s
DNA pol III Using parental DNA as a template, Uas o Qi ¢ s "g},\‘\.ﬂ DNA aladisly
5 =3 synthesizes new DNA strand by Sl g€ g A8l (5 4k e DNA e lu2a
5 adding nucleotides to an RNA 25230 DNA i 5l RNA (e adgi 3ol I
3’ primer or a pre-existing DNA strand Besa
DNA pol I Removes RNA nucleotides of primer e eyl RNA lasigalS g8 (B
from 5’ end and replaces them with DNA <alas o€ Leladis g §7 < yall
5’ ~>_3’ | DNA nucleotides added to 3’ end Ll R ; Lo ‘J Y %Hh
3'w 5’ | of adjacent fragment ol e sall 37kl ) 4d
DNA ligase Joins Okazaki fragments of lagging e At eyl 8 Okazaki ald s
strand; on leading strand, joins 3’ DNA o 3/ hll aas ¢ goldll day
m end of DNA that replaces primer to 3l DNA & saseatll Jae Jag 53
rest of leading strand DNA
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& puogall guuill delsa) gyl dielanll dSgib Juiodall Jaubsil eyl yghs 5wl DNA dieliad paslo
JS i ggino lgaoai of 5 o eliSoy 8)g-all § dlolSy sgin by JS J] sl i (osoul Jel) 8y9-al]

byl Jio ghd § dspiad piy (Joo3l g0 5581 wilad] Je) 13381 il Loy i bl dll wllS yoiwo
s5liall
3Ll Sy pA) gl a1
1 57 slad B s iy
Overview
) epigs il 5 .DNA pol lll ikauis 3’ , .
B L,‘y:q.de‘ L*Ul;l:;‘ P ' . Leading strand S Lagging strand
hgd JJ‘-\'-: s eThe'leadmg strand is Leading strand -
R el & Db

€ Molecules of single- —
strand binding protein
stabilize the unwound

by DNA pol III.

N —_—
Leading strand
Lagging strand

template strands.
a3 Helicase Overall directions 5
: Jas © Helicase ' of replication
& o = unwinds the Leading strand

Seal) hay A0 parental
o Es23al double helix

| DNA li =
o 'gas,e pa © DNA ligase joins the
o) 2 4akill e 3 ikl 3" end of fragment 2
to the 5’ end of

- !
DNA pol III 1 a8, 4shlls ikl fragment 1.

Lagging strand DNA pol |

233 Pri (X
RNA (&35 Primase ) Primase begins synthesis

Acidal) Aakailt sugail) of the RNA primer for the

_Okazaki ¢ fifth Okazaki fragment.

Alg e s agail) A1 3L DNA pol | agi

. tdakaill (@183 Jlasls DNA pol 111 agis © DNA pol 111 is completing © DNA pol I removes the primer
PRk o s RNA () dha Latis B e e o e e e Ziseg  DNA &3y sy 2 fakill '
i 1 i et LIRS, o I i 4 3 1t
e ki) 00 ' ) DA QTR0 of e ognerts e bcbone ot wR AT 325 5881 B s 2
el A5l A Al 3/ i)
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The DNA Replication Complex :DNA waclAi gano 3

O O Jasy ¢ 2Rl 235l 138 8 DNAS cisLail) Sl ™ trombone™ g3 ga
s AY cligs il helicase as ¢ Jash JS e aal 5 ¢ dies & e DNA polymerase I
Osies S BY e dndys ¢ ganall e AL DNA QS ey
“trombone” model of the DNA replication complex. In this proposed model,
two molecules of DNA polymerase Il work together in a complex, one on each
strand, with helicase and other proteins. The lagging strand template DNA
loops through the complex, resembling the slide of a trombone.

Leading strand template

DNA pol III

J(\q \
Parental DNA \ \ “ ,/ "Leadogetall
[\ . 7

e
'a » \/ﬁ.‘, A LA | ¥y
. . .‘\ A e R o ~N
Connecting protein A\ : 2 ‘&
Helicase y

\‘,
—

Lagging A
strand
template

ibgll cilyalyllg aglall slalg

& &)Ly Gl dabisall oliysgpll JS s Sl
A I35 1351 iSyo g8lgll § DNA dacl i
il ge el "segill yaasdl g
Syl 130 6elaS Jguws gyl - ouigull
go Jeladl Yo go (JUadl s Je
primase o g dSeill § y33l ligigyul|
Loo .molecular brake §uj> auSos Jos)
OlKe iy guil dSaib 85 lbul J] (5352
wiinog placement of primers s3agaill
8y5Uiollg dysluddl dbyivdl e acl sl
leading and lagging strands

Jgb e DNA caclias sdso oy 3 28 15k
2i=all yue DNA &y a8 ell3 o0 335 DNA
acbaill diloc el

Proofreading and repairing DNA :DNA a1lalg anuaill 3

Jdl U3 3g2yg accuracy d8aJl (o dullc d2)3 e Lgilb DNA replication el di dyloc juais
WlaigdSeull go incoming nucleotides 63032Jl Olasgalsgall o8l dloc § duogasll

Al byl Je 639250l

Olke 10010 JS oo bdd aolg JI J—oi completed JwoiSall DNA ¢ sj=> § slbs¥l L8 elld gog
DNA polymerases wlayjil o985 DNA (bcl uaj el ¥ el Jas Juld las Jaso 999 /O l3uigulSgu
by, il covalently bonded Goslwi dbli)l 5,50 template a8 Jlso suigilSou JS deslyos

@3 MuigulSeull polymerase Jyjs [incorrectly auswo juf JSin ¢yido MdgdSou e joiall sic .ol

clidl @il

oo VMRl o Mismatched nucleotides diulbioll je OlauiguSgull (o) (Seil 18 Lo
.DNA polymerases dbuwlgs proofreading §a9il

Jlaiuwlg A3k 5331 ©Olayjidl pgii Cus mismatch repair Gl pac 2ol j9> db dl=dlodo §
replication errors cacLail slbsl oo cuis Qg pusuo e JSiiw diyisoall OlaggudSeull
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damage)pall Jc SHy @ﬂl byl o segment £j2J1 (JLaiiwl) cut a.bs iy 3l o yuiS @,
elasiwl (OlagigdSeully d=ilill gap 692l ¢ Jo iy @I - Nuclease gag -DNA 2hd o] dbwlg
Filling the 69l auw § dS)linall Wlay 353l . damage cJlas undamaged strand WI jue basJl

.DNA ligaseg DNA polymerase 293P

nucleotide excision repair JLoiiw3l OlasigalSgull 23o] 030 DNA 23lo| debil sof oy

(Ul § Las)

Nuclease

DNA

51

31

S

Nucleotide excision repair of DNA damage.

/

3 5

l

S

polymerase

DNA

l ligase
B 3
3 5

sl pNA ua Jlaiiully @l gls gill =Sal

@ Teams of enzymes detect pna fhiay g CRAGSH Cilay JY) (3148
and repair damaged DNA, |, IS ) Cyaalfl) il Jhe ¢ callal
such as this thymine dimer ,; LT :

. Adaaadil) 3 ' I | Ry
(often caused by ultraV|oIet( udil) 348 Aad¥ .Uc L'.:"L' "”S”
radiation), which distorts .DNA s3> o 9du il ¢
the DNA molecule.

@ A nuclease enzyme cuts i o
by i i
the damaged DNA strand at ~-2" &kl nuclease 234 54

two points, and the damaged #23 « G e Al DNA
section is removed. LAl ¢ sadl 43 3)

€) Repair synthesis by
a DNA polymerase
fills in the missing
nucleotides, using the
undamaged strand

as a template.

DNA 4hu g3 sLidl) z3al
<hasi gl il May polymerase
5 Jag A alasiuly ¢ 53 gikall
i at

4lei by 53 DNA ligase a i
DNA— a1l DNA 3 2l
Slals Joy a1 Jrag Laa ¢ agaal)

@ DNA ligase seals the
free end of the new DNA
to the old DNA, making the
strand complete.
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¥V oSy el all A1)l
A DNA= Ao Sas
JAal 3 dbagy
DNA polymerase
Primer removed but
cannot be replaced
with DNA because no
3’ end available for
DNA polymerase

Méwhiba

replicating the ends of DNA molecules :DNA cilija dlphl caclAsi »

T~ Leading strand

Ends of parental

DNA strands Lagging strand
__—Lagging
Last fragment Next-to-last fragment
End of A A
r \/ \
lagging strand RNA primer
5
3

End of
parental strand
Removal of primers and
replacement with DNA
where a 3’ end is available

\m

Second round
of replication

e g (gl A 30
3 wish A5k &ua DNA=

A58 A3 gadt
sl e

5 I

New leading strand 3*@
New lagging strand 5

- aaaas KNNUNURRNNTE

s A ey | Further rounds
el o of replication

Shorter and shorter
daughter molecules

iy ] & g1 iy S

3 DNA Jio linear dna.ll DNA_J duwilb -
.eukaryotic 6lgil dufiaiis> log wgog)Sl
Gybll JoS5 ol 83 limall gwill duf3 ooy 3
daughter DNA dygisJl DNA by y—id 5
DNA ol dissis) )31 doui 0ing) Strands
OlawiglSqul| iy OT Oy polymerase
AsigalSeuill agae (o 3’ Skl J] bsd
preexisting l_;_n_uuo 39—>9—o|
oSanll g0 ol 13] §= (polynucleotide
S80I RNA plaiwl Okazaki e e
dlgi duiumg)aae dhbuly byl primer
S3agodll 130 dllj] ymay dlall by all
Aogy ¥ ¥ DNA_ dlagiwl Seu 3 primer
(ISl § LaS) OlagiglSeull dSLoY 3" 8,b
oo BySiall wdgl e i el s -
a8lg a8l DNA ©liyjz welall
9909y e soill Wil plhso Ggin -
«blg M (circular chromosome §,3I.\

DNA juadi Gasy ¥ elld

dlgill dafiaii> § linear chromosomes dubJl Ologwgog Sl Glius (oou sVl o g

SDNA clai didlinll Odgall JMs being eroded away JsWI ¢yo

TR POE ONE LI SOER WL P JETT-E R BT
il gua g5 S (A (Al 5l A2 paae e slil) ey (el DNA e
(LM) s3s o
Telomeres. Eukaryotes have repetitive, noncoding sequences called
telomeres at the ends of their DNA. Telomeres are stained orange
in these mouse chromosomes (LM).

ibgll cilyalyllg aglall slalg

6lgll dudnds> Blog wgog)S Lg DNA ulujs S -
nucleotide JigalSgai M wl—ui lc Eukaryotic

Olyrogluidl o wi Lgibilgs § ol sequences

(Sl @ LaS) telomer

0950 wel3 o By 1luall e Olpoghill sgion 3 -

Do 1S dludw ¢po 83l DNA
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two protective Functions ¢liuil8g o Lisubg lg) O lynoglill -

oo soill £s52U staggered ends daglgioll Blyb3l gioi DNA Olysoglhis dhasiye digno liyigy gl -
DNA Gl d8lyo) dusl dabil bouwinis

dleall yasy Y945 &JI buFfer zone dJjlell dibioll o ¢9iS telomeric DNA Olyroghd Josi LU -
oo 13l bl o el dalsall GlbYl clay] &S Lo 3o JI i 2l IS Oy yiads A b
Josi bid Lo (Wlegugeg)SIl Whlg o du 4l erosion of genes Gliaall ST &gl 2iod ¥ .as5as
postpone lg.h:bul.c

&89i0 99 LaS | 3S0g .cacluaill io dgz JS YU a8l Olyroglill punal (@lull JSill § pae 99 LaS -
diaiiamnodl LM §g W 1Y 3L 3 wmdl LM3J] el § yadl 9eS of J] Jrad DNA Olysogl

‘have divided many Olyo 62 Croumnidil $J cultured

] ojlfo"mﬁosﬁlil&éle—!uoléllgenomepsiﬁaﬂﬁiwaoi%&"laﬂﬁdlo-cmnoﬁsi
€639ac Jusl a0 e its ofFspring dus Jl > |

siain duolw¥l Olyall ol8 .digls 6)95 JS & padl germ cells duwizall LA Gloguwgos)S ool 13] -
o 3] Jlio o3 :bamy 3130 el 209 .lg2is G gametes aL.i’:m’z!I § 839290 e 909 dilgll §
JUlg blgil dudsé> drogiy=dl LI § lengthening of telomeres Olyrogluill db| o>, telomerase
.DNA replication clsi clil ¢asy SN wasill e paugsilly Jo¥l lggb 3leiwl

by )il "extend 203" template IS dossiuwg S3lg ) po I RNA ¢55> e @33l 130 sgisy -
bla=JL lagging strand):sizdl byl oo Lao (artificially gibaow Jiv leading strand ssball
oo Job e

2w g walisy ablits SI dy yiull somatic cells &yl L] pbiso § lhuis puy telomerase @yjil -
Olyrogld iy wizd| LI @ telomerase bl i ye aing da—wizl LI 3 dbo i 955 Laiy 31 JI
2zygote d=38M1 § Jgb Sodl telomeres

33e o 32l Gyb e plbywll go 4l wlSI] telomeres Olyroghall Loubll yadill Loy A9 -
Ayl L] g @iass of pSay GUI Olobwasdl

ol G0 lao «(sdle jue JSTin 83108 Olpoglid e large tumors 6yl P|J9n8| oo LI 5915 Lo WLe -
Further shortening gbasl_,m.n.dl Sy ol usyiaall o Dglsl Slolwdidl oo 3yaell Cusuas LI

il yull LU self-destruction 1A yoadl |

e lgijas oi 3l i oo vdiilby | dyawad| LI 3 b e JSiy (S47)0 telomerase bl 9%
telomerase buis o3l izl Guyay lyeiwdl dulby | LM 0dg) powi A8 Wlyoglall Jgb Cuuis
byl Joisw gMes
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Jomd Gl cushill ells /ologwgog)ySIl § DNA packaged guod duanS Je =il ol pgiiw @
.genetic information duusJl Ologloll

bujyo dby wil 29350 Lil> DNA £552 90 LSl plaso § genome pgiaall _ iyl oglall o
.small amount of protein ¢yuig ! ¢yo 6 a0 daoSy associated

00 8y dpoSy buiyo linear b DNA 552 go 095 poiunl Lolad wlis lgilé 8lgill dyssa> Glol e
large amount of protein ¢yig i

130 .ouigpll go 8uS dyeS go d83y DNA combined gwod o eukaryotic Slgll dadusis> dl> g o
Jobie pls JMS (o 8lgill @3Ny .chromatin ¢ailogySIl o wall Lo ouigyllg DNA go wiSyall
Packing groaill Whgiwall 3asieg

(a JUl JSadl) § powgogySIl § DNA araxil ddlaiall Obgiuall pusgi @i

8y9> cliil its degree of packing daiiusi d>)> 3 dloio wlyued Chromatin guileg)ll g oz o
R:NEN]

6 yiuiio dliSS 63 le ¢ilogySII yghy «Jguall yg2ally lguamd) deguonll interphase Gul jgbdl LM § o
Ahighly extended dlall siow ¢yilog,SIl ol I yui oo Blgidl J315

WiSiG) and Folds sgbug o:ilog Sl coils aily .mitosis gglamioll plawmitidl ddl aniws losic
09Sig metaphasegilgimil yohll § Wlog wgogySl (o irao 13ac dilgil § JSiig (condenses
(b JSiadl) Josall sgznall plasianly lgdmy ope ol (Song dStomg 6ymad
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e 2wogill pausll _.rr. -DNA ,bg Wl dasu yadl Obgiamol W 53goi 393l yg20ll o 0)9100 LIguaLl
3981 yg2all dbunlgs dizg) i) SRS Loa yuS 929 «Jlgimdl yghll pgmgoag)s' JI DNA g0 .U_w n,..&u.,

ol puyll 1320 yg.00

ot €90 Akl DNA
doublehelx  2nm
(2 nm in diameter)

Gsstadl < DNA the double helix
X & Mgl b gl (pands () Sy
,cz>crttn¢..%.¢u_m.{_ 3 o a8 F DNA gaas O sl s gendd
Gl B sal oS G G (50100 gm0 i g 5ims - a5 0 0
Sl A gaaa JS O S5 agulpa thE&nEELc Al galal)
Aol adh o paled Al U gl ek O ST DNA ALS L 5 g g S0
B On R e B P ) Rigadia (e B Bagm sl el laal)
o el Oa Ui TEM EE (il DNA=: plal a5 Ty« (caen i g Gt

G Bt (OR O0 ) s Gl S b g 0 158 AT A
2nm, siag el Cida o Vi Al Gl gl Oy 80

Shown above is a ribbon model of (2 § 5 (i (s i ansgl) HERT ¢ ) Y (5
DNA, with each ribbon o Ly B Cpual Guinaas 3 001 Ly )

representing one of the e st ok oS G gl Ciliat )l B
polynucleotide strands. Recall that A 1 gl g1 ol OGN JA1 DNA pliS o ligiuglt
each phosphate group along the ~ -DNA 23 i Gl s gnsll s g Sl o
backbone contributes a negative 0% AT s gn B R Gl 00 o) . 53)
charge along the outside of each e

strand. The TEM shows a molecule Proteins called histones are responsible for the
of naked (protein-free) DNA; the first level of DNA packing in chromatin.
Although each histone is small—containing
only about 100 amino acids—the total mass of
histone in chromatin roughly equals the mass
of DNA. More than a fifth of a histone’s amino
acids are positively charged (lysine or arginine)
and therefore bind tightly to the negatively
charged DNA. Four types of histones are most
common in chromatin. The histones are very
similar among eukaryotes; for example,
histones of the same type in cows and pea
plants differ by only two amino acids. The
mEE-m:— conservation of histone genes during

probably reflects the imp role
of histones in organizing DNA within cells.
These four types of histones are critical to the
next level of DNA packing. (A fifth type of
histone is involved in a further stage of
packing.)

double helix alone is 2 nm across.

B

(a vsa)

Nudeossne 10nm
(10 m in diameter)

Oftag i e ¢ ASg RSl A ppaall gl (2
13 43 (10nm <) 10nm g S

A A" 8L (TEM ) B (s AN osag <)
ottt DNA fad Al gl « pguapts
Apmptad) G a1 DNA &) 0A0 G il
O G O o g O 4 gl DNA 08
O B\ o B8 05 On O ¢ Gt Al
Gt 08 (N ) Al Al 55 A )
¢RI 558 A B G A ) (O )
il T K 5 a3 3 A1 DNA Sl gl 85
Al ol Al 401 gl ¢ pls JS DNA
D (9 DNA () dpsh Ui Gl 3015 ¢
Lt L ¢ gl AU AL

In electron micrographs, unfolded
chromatin is 10 nm in diameter (the 10-nm
fiber). Such chromatin resembles beads on a
string (see the TEM). Each “bead” is a
nucleosome, the basic unit of DNA packing;
the “string” between beads is called linker
DNA. A nucleosome consists of DNA wound
twice around a protein core of eight
histones, two each of the main histone
types. The amino end (N-terminus) of each
histone (the histone tail) extends outward
from the nucleosome. In the cell cycle, the
histones leave the DNA only briefly during
DNA replication. Generally, they do the
same during the process of transcription,
which also requires access to the DNA by
the cell’s molecular machinery.
Nucleosomes, and in particular their histone
tails, are involved in the regulation of gene
expression.

<4130 nm fiber
el O DU (o s el o (A 5 gianal)
BV IDNA 3 825 At s gl
O ol gl Qe 36 o Slaguli ey
UL o3 e ¢ g gl 134 (B A Gl
il &g ¢ 10nm ok B 2 i o
5 .30nm il ¢ Gs 5 30nm das oSS
B35 A Ul 3 480 30nm 3 LR G e al Y
o Gl gl sl naal a5 5 W1 ¢ it gl
LS s 13 (ol 81 G S 130
The next level of packing results from
interactions between the histone tails of one
nucleosome and the linker DNA and
nucleosomes on either side. The fifth type of
histone is involved at this level. These
interactions cause the extended 10-nm fiber
to coil or fold, forming a chromatin fiber
roughly 30 nm in thickness, the 30-nm fiber.
Although the 30-nm fiber is quite prevalent
in the interphase nucleus, the packing
arrangement of nucleosomes in this form of
chromatin is still a matter of some debate.

/

Alad) Jaall 300 nm looped domains
Wk ¢ 30nm W s A1 Bl Jel
g Ll Al ¥l g il
O 22l g A UG 300nm i
topoisomerase.
The 30-nm fiber, in turn, forms loops
called looped domains attached to a
chromosome scaffold composed of
proteins, thus making up a 300-nm fiber.
The scaffold is rich in one type of
topoisomerase.

<l 300 nm
300-nm fiber

wdelaaia (1,400 nm)

(b ds)

Cheomand 45ag 8

(700 nm)

\ %S nm

v \

skl Clagusag £ Metaphase chromosome
]

L Al ol S ¢ i) gV g sag S
345 ) Lo 2 S g s 5
LS el gl pgugag S I Gslag S0 8 Bz
aly sy s ga e (V8] g g pu ) (F g
Gurhlm_iir_uE[rl_i .700nm
Al g G ) et e T gl S guagag S
AN ABda Basan

In a mitotic chromosome, the looped domains
themselves coil and fold in a manner not yet fully

d, further ing all the ch
to produce the characteristic metaphase
chromosome (also shown in the micrograph
above). The width of one chromatid is 700 nm.
Particular genes always end up located at the same
places in h h indicating that
the packing steps are highly specific and precise.

ibgll cilualyllg aglall slalg
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L4 Exercise 1
Cytosine makes up 42% of the nucleotides in
3 sample of DNA Ffrom an organism.

Approximately what percentage of the

QoL
NSMO
TBLY
[NEYERY) %

& Olaigalsgaill (po 42% (a—wgis—d] JS—i
2 Lo .l LSl Sg9ill poonll o dise
I L yi5 digll 030 § OlasigalSguill douns

In the polymerization of DNA, 3 phosphodiester
bond is fFormed between a phosphate group of

the nucleotide being added and which of the

nucleotides in this sample will be thymine? SO ll (oS
A | 8% C | 42%

B 16 D | 58

L4 Exercise 2 P )i $

dbyly JSiiS « §99-d1 yaoadl 6yl G
Oe Olawgd degano gu yiwdgiwgd
Ol 32l 9l Ol o Sy ddLball Axigalsgsi]

Following atoms or molecules of the last Syoudgull § 61531 OlayiguSgaill dJUI
nucleotide in the polymer?
A | the 5' phosphate C the 3'OH

B | C6

4 Exercise 3
In £ colj,there is a mutation in a gene called dnsB
that alters the helicase that normally acts at the
origin of replication. Which of the Following
events would you expect to occur as a result of

this mutation?

a nitrogen from the nitrogen-containing

base

[ ETERY) %

P8 dN3B o (2 3 6yab Jld, £ co//'é
ol dcluail 3 83le Jasy il helicase
0ig) dauii digas @dgis Al Glas3l o i

S6,akll

A | Additional proofreading will occur.

B  Noreplication fork will be Formed.

wacbail dSgui JaSid e ) | B

Replication will occur via RNA

polymerase alone.

RNA polymerase jc el uadl &asuw

.03>9

Replication will require a DNA template

D | from another source.

221 )20 o DNA LJB acbasdl Clbiww | D

ibgll cilyalyllg aglall slalg
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NSMO

eukaryotic telomeres cause

Which of the Following characteristics of
them to

replicate differently than the rest of the

dpdigiis Olyroghiill AL palloil o i
gy oe wlite Y-S LS Lalnz Sl

% Exercise 5

Spowgeg sl
chromosome?

A | the activity of telomerase enzyme. Jhogluill pujil blas | A
5 DNA polymerase that cannot replicate 18 s diSay ¥ s3I DNA polymerase o
the leading strand template to its 5'end 5'end J| 3&Jl kg yidl
Gaps left at the 5'end of the lagging by il LB oo 5' end  § dudiiall Olgzmall
© strand template. " pluo.“ ¢
5 Gaps left at the 3'end of the lagging 3 liall busdl go 3' end & ©lg=d d)5 5
strand because of the need for a primer. (S3agaill J] da oy

present where the chain opens to form a

replication Fork:

3CCTAGGCIGCAATCCYS

Jaubai 3292+ pgawgeg)Sl (o dixse dibie §
Jaibd) ] @i s oLsT WlusigalSguill
12l dSgu

An RNA primer is fFormed starting at the
underlined T (T) of the template. Which of
the Following represents the primer

2sequence

b Lgini T o 1233 G3ugaill RNA JuSiii o
S 5 ugodl Juaduss Jioy b Lowo (sl .clil (T)

A 55GCCTAGG3

B 55ACGTTAGG3

C SACGUUAGG3

D 5GCCUAGG3

ibgll cilyalyllg aglall slalg
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L4 Exercise 6
You briefly expose bacteria undergoing DNA
replication to radioactively labeled
nucleotides. When you centrifuge the DNA
isolated from the bacteria, the DNA
separates into two classes. One class of
labeled DNA includes very large molecules
(thousands or even millions of nucleotides
long), and the other includes short stretches
of DNA (several hundred to a few thousand
nucleotides in length). Which two classes of

DNA do these different samples represent?

Q-OLLY
NSMO

Ty %

a6 Gl Lyyuisull 83a29 8)idl goysi il
LGela i) pleall Glagigulsguill DNA wel s
0o Jgjall DNA (555y0ll 3,bJLy pgili Losic
§32] Goib . paiiS J] DNA oimaitiy ¢ b Sl
ol W) 13> 6yus GLiuj> eleall DNA OLIS
S538lg + (dlghb Ol gulSgrill Gudle G
Ol 82 (o) DNA (o 608 Olslaiel Jouins
Sl (Jobll @ OlaigalSgadl po Gl daisy J)

Sdalisuall Olusll 030 logliod DNA (o ¢paiid

A | leading strands and Okazaki fragments.

S35l @lndg 2316 by i

B | lagging strands and Okazaki fragments

S8l @bdg y5lio by iy

C | Okazaki fragments and RNA primers

s>UI RNA g (515551 glnd

D  leading strands and RNA primers.

% Exercise 7

Use the Figure to answer the Following

question:

start DNA synthesis
3’

 Jre—
Primer

Referring to the Figure, what bases will be
added to the primer as DNA replication

proceeds?

Single strand as a template plus 3’ end to

© -
,m;m Template

Ol 0| @™ >

:53WI RNA g 35l by il

Veu)ys %

: JWI JIgud] e dlo JSEI o sl

5’

GLaiuw Gl aclgill Lo Lo, JSil JI 6)Livdl
SDNA (acbial )lyoiuwl go 1531 JI

A 5C,AGCAG A3

3T,CT,G,C T, G5

B
C 5AGACGAC3
D 3G, T,C,G,T,C, TS
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% Exercise 8

Which of the Following effFects might be
caused by reduced or very little active

telomerase activity?

Q-OLLY
NSMO

[\YSTREY) %

WAL e LU 095 35 AW O oo gl
Sab i db i buiill jlyroglill blis

Exercise 9

Which of the Following statements

correctly describes the structure of

A | Cells may become cancerous. dilbyw LM e a8 | A
B | Telomere lengthens in germ cells Aawisd | LI @ Olyoglidl Juou | B
C | Cells maintain normal Functioning L,_Q_JLLbJI cla¥l Je LI Bélss | ¢
D Cellsage and begin to lose function Lgiadbg (ylass @ T).g'g LMl 2uis | D
¥ Qg

osilogySIl duiy oy ALl GhLsl 9o i

chromatin?
Heterochromatin is composed of DNA,
Loin « DNA o plsiall ¢uileg)Sdl oS
A | whereas euchromatin is made of DNA A
RNA g DNA g0 szl (uilog Sl oSy
and RNA. .
Heterochromatin is highly condensed, ol o> G dlell Wiso pleiall guilegysl
5 = : 5
whereas euchromatin is less compact. Bes J8l < il puilegysl
Both heterochromatin and euchromatin | g pleiall (uileg)sl (o JS Je jgiwll ©3
C C
are found in the cytoplasm. 3 giull 3 il puilegysl
Euchromatin is not transcribed, whereas | ois ga> § + a8l pailogy Sl Ews oy ¥
5 2 G 5
heterochromatin is transcribed. Rl Gailog )l Euus

ibgll cilyalyllg aglall slalg
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¥ Exercise 10 DS e

Researchers Found a strain of £ co//bacteria that . .
g QI £ coli LS oo ddw (gislbll a>g

Jasmodl o 8y0 dilo el 6)ab Wdsrno
JS iy oy dW OhHLsI o (Sl .l
Sl 0dg) dulaisl sl ol pusuo

had mutation rates one hundred times higher
than normal. Which of the Following statements
correctly describes the most likely cause of

these results?

The single-strand binding proteins were | dlhso by, il dslsl byl liygy cols

A malfunctioning during DNA replication.. DNA Gaclias clisl A
There were one or more base pair algﬁ Ry _,i'ST 97 Aolg @Uss pace dlo S

° mismatches in the RNA primer. is>WI RNA § aclgall °

c The proofreading mechanism of DNA DNA polymerase ____J 81l dJT S5 e c
polymerase was not working properly. 2uouo JSin Josi

The DNA polymerase was unable to add . .
d9ls| Je o8 jue DNA polymerase oS
D | bases to the 3'end of the growing nucleic .| D
drolial| DNA duwlud 3'end ] xclgd
acid chain.

% Exercise 11 ey ?
In an analysis of the nucleotide composition |  DNA (o £§j2J dasuigalsgill duusydl Jul=d 3
of a molecule of DNA, which of the Following | pia—w Jclgilll 2lgji o Al Cladgidl o i
combinations of base pairs will be found? Slgale yginll

A | A=C

A+C=G+T

B
C A=GandC=T
D G+C=T+A

ibgll ailudlyllg aglell slualgl
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i! Gene Expression: From Gene to Protein (jugpdl u” gl Jo :u"'DJ.»- | puedll i

1do)illg guuill dbunlgy Olaigydl Oliadl Sao0

Genes specify proteins via transcription and translation:

3 WS yamaig @210 Uges protein synthesis gaigydl sl Oluadl imgi duasS Juolas § pogl Jid
proteins Glaig lg genes Glusdl u duslwdl relationship d9MsJl & Liss|

. solell (Guaaill :Neurospora pha a adlasll alahll ¥

Nutritional mutants in Neurospora: Scientific inquiry: 3

§.\l_->i €99 999 Neurospora crassa ju3ll yac go Jo=ll Edward Tatumg Beadle o0 JS lay
mutant’s §yabioll dyolbll bloddl § juei dlhsMol haploid daog—wgoeg)Sll dcgomall
99 LaS 1onidl 0 ) bé aslg Joi disable Jubsi J| Tatumg Beadle o JS zli>! ;phenotype
wolbll protein-coding gene guigyll jaoys gz (duog—wgog)Sl degomall dilS glgi¥l § JJI
oame Gal bl

Olyab o lgil Bg,2all X-rays duall deib Neurosporayhd bombarded yéu =i lgold o
g9l po 1l pace e dalize dilisll pgilalusl 9S8 Wb ge ezl pu lgisug .mutations
wild-type S $91]|

gois ol oSas dil Cus> .modest dbun diilie ldbio wild-type ¥l g9l oo Neurospora gy
3858l dagtie i 2ol - gaill dyiliall yoliall g G331 32Ul e sz by sl Je pisall §
J231 bwgll minimal medium byl Jl3)l bwgll 130 o ug o Q @00 - oign oreldg
Gl 623 ol proz 2l ddudl Lgih Lo wild-type syl g9l (1o asll LS oy
LM=sJI (30 Forming visible colonies diyo Olyosiiume JSiig ))Sio JSin omiilg goill lg=liod
g daylaiall

oo dalize "nutritional mutants dylié Olyab" Tatumg Beadle gl (JUI JS_ill) § g0 go laS o
onmo Gulnl Jlie yoie giuni Je 1538 %) o lgio JS . Neurospora by

JolS bwg e gaii ol 5oy lgislg minimal medium Juios bwg e goii of Ll odgl oSy 3 o

goill dojMI diilill poliell grom> Je sgi>y complete medium

minimal do‘sl bwgll ;0 complete medium JoolSIl bwgll oSy .Neurospora J] dbwilbl e
ellilg . 523l dislisll , wolisll (o Juld dacg oyl diigodl (olos3l o> diJl 8L medium
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Blie Faic giooy sl a333b po I (uadl Jubsi o3 didlae 6yab JS' @ &l Tatumg Beadle 5 58|

s § lgue Cuws dainow Neurospora e 8yahiall Gl o doyd degose diyill 0do e pis @
b @Il wlyehiall o degaze Norman Horowitz g Adrian Srb «agitlej e ol pasiwl.game
LaS) Neurospora § RUTCSH | IEWEST S9! JlousIl ) luall SLisSiLwd arginine-requiring Oz 3l
(Wl dyymdll §

saedll dSLs] wlylus] plasiwl |3.J.L>«J_y.5| ISy 6yalio JS e iy Horowitzg Srb o JS 8 @
arginine-requiring mutants ¢ius)3l ClbiG GVl Olabiall (0 OlS GW ¢

SNl izl griad Lo Jgb e wliSiall (o déliso degozo class ) Js § whabiall Clbis e
Wlghs & (o g

oo di9 JS of cusy8l , Tatumg Beadle lgy B Gl dilonll Cyladl o a2ll duolall ellig pill 0do o
6gbl jazu il el JI Hauas diall el § wlyabll o3 daliso dghs § blocked jlawall o yicl
blocked step 6)g9lb=0J1

A=lg (uz § defective JUs d jo=io JS oIS Cusy dun il aglbg b lgol8] Tatumg Beadle ¥ 55 o
185l log=,id] Gl Josll dusyal Ugd Lacs ol idnaizw ilgnos 05 (U il o8

Je vaii dgile il Los .one gene-one enzyme hypothesis A>lg a3l - a=lgll HaI o) e
1m0 ] 2Ly dictate yolgl slae] Lo uzll dagsg o

>8: Faulty enzyme JI5 dy ayjil lgic aiiy cual] & 63ab (i Cus gl uo 3 dliol G)i ool o
lgdle &2l ooy dl> J] 0y9y
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Neurospora LA (s 2% Tatum s Beadle a8 « 4512 cijih o Jgaall ;w523 Tatum sBeadle g4
9 LS ¢ Gt ¥ Jia ¢ Baaa 4 clgthia Lgaal il ol ikl (and a5 ¢ il gih Gigaa ) o Laa ¢ Apd) 4esU
s e
Beadle and Tatum’s experimental approach. To obtain nutritional mutants, Beadle and Tatum
exposed Neurospora cells to X-rays, inducing mutations, then screened mutants that had new
nutritional requirements, such as arginine, as shown here.

@ Individual Neurospora cells Neurospora WA g s

Neurospora o
cells ~ o Lo ngg placed on complete elS ey o A
Neurospora 'S o o © /4 medium.

@ The cells were subjected t0 4l 4225 LAY cun i

X-rays to induce mutations. il k) sl
o 3 € Each surviving cell sall a8 o dda JS wiss
] formed a colony of Ay s AbUaiall LOAY) e 8 pentinsa

genetically identical cells.

O Cells from each colony were 3 yasius JS (3 LOAN aun g a3
placed in a vial with only a1 ol V) dan gl o) A &
minimal medium. Cells that ’

did not grow were identified el e sl G \'*‘h‘
as nutritional mutants. LAIe o b

© Cells from one nutritional mutant 48128 3 pentinne e LAY aun g
colony were placed in a series of ¢ . ;) il rpe Al 8 82al 59 yilaia

vials, each containing minimal 5, .
" e Adlayu sl o Qp L ging

medium plus one additional nutrient. th J S
.ol #L.a) \;':\k paic »5‘!

P #—Growth s~
Minimal Minimal Minimal Control: Wild-type cells
medium medium medium growing on

+ valine +lysine  + arginine minimal medium
EWMaud  GWaed Ve WA ges jAkdal
ol + Y + ol + s g s
® The vials were observed for growth. In this example, the mutant cells grew only on minimal
medium + arginine, indicating that this mutant was missing the enzyme for the synthesis of
arginine.
et Lae ¢ cpta gl Jan gl e 081 2all die Tl s il LSIAY ¢ JU 138 A gaill ) 6Bl AdaSle s
orea Y aadas o ) ok i s Al oda o )
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Basic Principles of transcription and :d_aajllg A will & wl will ;galrall "
translation

Jsin gyl Gw 3 uall oI .making specific proteins diasoe Olixigy gimal Wloulsi Oluml 4945
RNA 5994l Yool g0 ouigydl Galig DNA (u bridge ] il

deoxyribosejga ) wSa2l o Yy ribosejou Pl e sgizy &l elitiwl FlosS DNA diiy RNA -
Job e gulSaus JS o8 135ag .thymine gaolddl (1o 330 uracil Juwlygull duusg il daclall dlg ySus
095 .U gl C ol G gl A dincld RNA by, i Job e 3uigulSei JSIg T gl C gl G gl A dincld al DNA by, i
A>lg by oo 83le RNA e 552

Olyogigall (po 63320 O¥uduui w13 polymers Olypoalg ¢y 8)le Wlinigyllg diggill yolesl o JS -
Wlogleall Jai3 G| specific sequences of monomers

wlizg §llg .nucleotides OlauigaSaaill (o d=y)¥l glgilll Lo monomers Wlyogigall RNA ol DNA § -
.nitrogenous bases dyu>giull loaclgd 3

030 3350 Jwl_wi ous JSg nucleotides OlaigalSgull B3l gi wlio o 83le Wlinl oS -
OlauiglSguil |

oS sz Jas iy dihe Wliegige Je Ludyl sgizy owigyl § polypeptide s auae JS -
.amino acids dyaol ._,élaoi o< 8)le lio Wlyogigall

onileasS oisely dagiSo Wloglao e sgini wlisigpllg nucleic acids daggill yolesl 18 |3iSag -
transcription and dos)illg d—will ;¢ ) Guiloyo ouigydl JI DNA o Jlaidl cdhing ouialise
translation

g0 &% o ;g «soill Wlisizg b Sl § dozyillg duill basic mechanics duwludl OLIBI @l -
Je sgizd 3 LSl o3 eldg LAl J31> Flow of genetic information dyiusdl Ologlnoll (§95 3
o9l guiual Wlase (o ey Wlogmgnlil pe MRNAG 6yl DNA diggill dpinedl Juosi 3 .eld) s
(@ Jssadl)

=il Lgi ol 45 MRNA translation dez)i o3 oy LSl aie cuShdl pasy § pasdl 13 -
WMl J sy Blgi Ll eukaryotic cells 8lgill dasiusis> LM (418 .¢ll3 o yausill e transcription
(b Jsidl) plejllg ¢lKall § dozyill e guuill nuclear envelope sggill

doyill 0jMgiwll J] MRNA J&5 w989 6lgill § Transcription gl Oasy 6lgill dasns> § -
Functional mRNA _J Jlgdl JSCall L3 dalisve (§ by dyssi iy «8lgill MRNA &y ol J:8 translation

bl
di ple JSitn o9y J) p2yiall yie RNA i3 § Loy s oo initial ddgBl RNA ds s Je gl -

primary transcript c'l'*lgi
JWI MRNA Jguy JSib e dyiaznd] S5yl dinlgy Oliszdl o gyl Gals aolip pousli oSeall oo -
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&) TRANSCRIPTION l DA

V/A\"/\"/)\"/;\"/\\

DNA tl -
TRANSCRIPTION 1 Pre-mRNA
e (
CYTOPLASM 1 mRNA > -~
Ribosome UL Z
TRANSLATION
, CYTOPLASM
Polypeptide _ / /

T — - ’ Ribosome
(a) Bacterial cell. In a bacterial cell, which lacks a nucleus, £ ; :
Polypeptide

mRNA produced by transcription is immediately
translated without additional processing.

3 ¢l s ¢ A S0 AR 3 &y e, A

dadlial dalles - a0 ol e 2 2 - (b) Eukaryotic cell. The nucleus provides a separate
Asla] 4 032 ol e o G'M MRNA %ea 3 compartment for transcription. The original RNA

transcript, called pre-mRNA, is processed in various
ways before leaving the nucleus as mRNA.

Aallee 2% ill Ahaiie 5 jaa 3l gl j 5 51 gdl) A8da A3
hﬁué)}m& pre-mRNAwﬁg\ ta.'xl.ay‘ RNA 4
MRNA S8 gl 3 j0lea 8

the Genetic Code Triplets of Nucleotides :culatiguSquill (po aiili  iuall agsli w

uawe> Jl nucleotide base WlauiguSgaill digSall aclgill &IQJT 00 £93 JS dazyi ol dil Uyuiel 13] -

AwigalSay 6acld JSI aslg i dyigol polas] dayyl 393 oSesd wGuol
lio 0!9 bgo JSLQ dlaiowe .).ug;lfgu .).c|9§ &Ji dg>9 0[9 bad uu.)..clS OO0 og.i.o_'yo_)“ ol Luo_p.9| gJ Lcu| -
dyizedl polasl graz to codeypd il LS e Jlj ¥ dislg - Uas Liyi (4%] 4 * 4 i) 16 Liyhiey w
Jobll &l wlasgll 4o ol o Triplets of nucleotide bases OlayigalSguill aclgd (o dr (g -
VA 335y dillite AigulSes elgd G iy S oS 13] dise¥l polas8l graz sroyi LgiSes &I piiall

—n

Aol polasl graz a0yl dIS o 4iST - dlaioe dyjo) dals (42 ) 64 Wlio 4% ol pXad (Guwo
From gene to guigyll Jl gadl o Flow of information Oloegleall §8a55 i wyloull el -

+8)9—0 § DNA § dygiSo Myiny Joo dlwl d dyipzll Oloyleill triplet code dsbyoJ Je Jaisy protein
three-nucleotide GlauigulSgail| duisl
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24€ Ol aigulSoull dids lall o dilyoss dlwluw J] pazdl § ©lalSl dlul w transcribed g o -
(Ui § LoS) translated duiwodl yolosB o dludw J] el3 a2y @2, @Jlg - MRNA § dlslasoll
sequence of nucleotide OlauiguSguill aclgd Jmd i =)l 335 kranscription Sl clsl -

¢ RNAs gl IS aal s DNA I Jang ¢ G ST D0 260
Aglee 058 Wy DNA sl o) 0 581 201 8 42 55 mRNA Jis
el (g Y (U) o sal) (e 0585 RNA O £ ¢ il

¢ AE o S o) e AL mMRNA 15 ¢ e il 23 (T)
ol Al W iy nel (mea (5538 IS 2amy il 0 S i
5/ — 37 sladl & MRNA 361 8 a3 Asalitall asiy

DNA
molecul

The triplet code. For each gene,
one DNA strand functions as a template for transcription
of RNAs, such as mRNA. The base-pairing rules for
DNA synthesis also guide transcription, except that ~ Gene 1

RNA is made with uracil (U) instead of thymine “\ﬂb
(T). During translation, the mRNA is read as a
sequence of nucleotide triplets, called codons Gene 2

Each codon specifies an amino acid to be
added to the growing polypeptide chain
The mRNA is read in the 5’ — 3’ direction

DNA
template
strand 5
Non\{ AJClICJAJAJAJC]ClG)AlG]T
template
codmg
strand 3
TRANSCRIPTION
Té_/%_/%_JH_J
odon
TRANSLATION l 1 l 1
Protein Trp I Phe Gly /Ser
A §
Amino acid

ocly ey SUIRNA e5j> Jgb Jc bases

oo bid one strand aolg by yub s ey (ga> JS -
W by jaidl eusl by yidl 130 e §lad DNA by yib
J—wl ] sl y 894 a5Y template strand
ond el wl @ing RNA da i § OlaigulSeull
gene is gaJl g lg1d oy 830 JS § LSS by
transcribed

idud (;09-mwgog)SII DNA £5j> Jgb Je welld gog -
different gene

ol=ul JMs o JLaS pasiuwall by y il 330 @iy -
guni pgdy 3| orientation of the enzyme u 353l
ossall DNA ol wi e 0)g9a9 iy g3lg oyl
o2l 13g) buiyall

L;.-Lb.o owdg complementary JoSo mMRNA ¢5j> -
RNA WlagiglSass ¥ & yolJl DNA (L) identical
Wl o183l aclgdl 389 LIl § Lg=poni @iy
base-pairing rules

DNA cacluas el JSiws 1 elli go 2lg53I aplias -

deoxyribose o 33 jon) Le i MRNAg A Ol aigalSauill 2o (T RNA Jy0) U zlgjl of cliuly
antiparallel direction (gjlgill sLdw olil § RNA ¢55=> clib @iy .DNA o 332l by y il Jio =Lol.o.39 -

DNAJ (2350l by il 2o

DNA B8 by, & Jgb Jc ACC nucleotide triplet duSsil OlaaigalSgadl /clolol JS_ill g Juoll § -
MRNA £55> § 5-UGG-3"J 153gai (3-ACC-5" S (1giSo)
5" - 3" olxil § lgiuliS oy bo 63leg .codons GligagSIl ous MRNA J OlayigalSess Ml -
(W ol .Trp jLais|) tryptophan ¢ 8gi il Suwodl paaall 993951 9o UGG Wlio § -

3 sVl by il Jgb Je DNA__J &yl lagaudSoull oo yusil L&yl codon 9399/ pllbucs o )
template JWl by )il complementary dloSo wligagsl 0io .nontemplate strand u.dl.;)‘ﬁl
G U dlio oI5 Ll T Je 591 Lgil clistiwly /MRNA go J_wl_will § identical diylaio Jllg strand
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coding jao)ill by yib cuwl nontemplate LIS Jos 3 s3I DNA by i Je gl Lo WLe icuandl 13g) -
o] Judud (e S e juoyidl by Jadud plasiuwl e 12 Mouodl Cuus ‘strand

Cracking the Code :paidl ¢la W

Loaic O luiwiwll legi § genetic code daiamll 68 il cracked eluSan diiyjzll cliodl clole pl8 o
RNA codons ¢po JS duisodl polas3l Wlasys e Wyl oo dludw caais

MRNA guiuan Nirenberg o8 Cus didoj go Nirenberg dhwlg) 1961 ple § 09395 Jol 8,8 eld i e
1g) 8aclas uracil Je sgim Gl diylhaiall RNA Ol 3gigilSes go sl by @iyb oe eluo

e Sgimd ol oSas uadgi ol genetic message duiasJl ALyl 4,8 iy SVl el e bl pasy @
DH1SGg Bilye (UUU) bsd 3slg 9385

dyige¥l polasil Je sgizg ylusl wgul byls J] 130 "poly-U" 3 iieulSas Jou Nirenberg SLsl o
cliad dojMll 5,33l ©UgSally ¢3log wgulllg
5 A MRNA 094551 2501 A S o) 391 g ot 5 MRNA G995 Jgi protein synthesis ¢xig i

e e s T vemal 51 | Ul poly-U MRNA dazysy elibaodl aolbsi ol5 o

52550 n 2238 Al ) Gl 3 MRNA L2 5 £ o g g8 "oy 5 LS

o o g ek 5 A5 G s ¢ el s Jas 4 | e Olasg (o =)l e (sgimu 3w Jgo
The codon table for mRNA. The three nucleotide bases of an mRNA " "

codon are designated here as the first, second, and third bases, dlw.LwS l§_.o dSJ Luu.uo ,(F 9| /Phe) UAJXI d,l.u.g 6\»0‘2“
reading in the 5; S 3; direction along the mRNA. The codon AUG -

not only stands for the amino acid methionine (Met, or M) but also .polyphenyla lanine chain oo dbgb
functions as a “start” signal for ribosomes to begin translating the

mRNA at that point. Three of the 64 codons function as “stop” 33=u MRNA UUU 0939_{ Oi Niren berg J)§ :|.)S.®9 °

signals, marking whe!:e ribosomes end translation.
Second mRNA base phenylalanine O-AJSI ‘J-"'I-I-_I.é &A_anl UQ.A_%.”
UGU:ICYS db_wlgy 8335wl duigodl HolasH .)J.).QJIQJ:LUJS
Lec e L2yl CCCy GGGy AAA 3ligagS]
UGA Stop
UGG Trp(W) Jooyll grazd SlgS3l eld o5 Wil uoiio Jolou e
i 64 1|
0oL W M j0) 64 o 61.(JWI Jgazll psgy) @
.amino acidsdiao3l
) daigodl Lolosdl dasi 3 Gl Ml ©ligsgsIl e
ol dlgi J yis clgil slgsT of " stop wadgi" wlyLas]
GGU .end of translation dos)Jl

o 305 969 1d2g350 daybg aJ AUG 9395l ol o) e

O >» Nn C

CGU
CGC |Arg
cca |R
CGG |

o >» Nn C

AGU 7
AGC

O >» N C
Third mRNA base (3’ end of codon)

T
S
<
o
v
-
o
©
c
B
L]
<
w
<
2
<
=
=
£
-
%
2
i

GGG | J_asyg (M ol .Met) methionine Suo¥l paoall
initiation £ ()9S oi " start £au" Sylbls Lyl

.codon
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Oluigydl ely dl J] yuin s3lg /MRNA AUG (93951 65lc Genetic messages duasJl Jilwyll [5 o
1303 wowiguinall LAyl $=3 AUG o3 [515) .@8gall 130 § MRNA daz)i ca) protein synthesizing
k"5\,;30‘2“ voeall i B> a3 Jaja 28 1ellS pog Lgmuiuai piy boaic guigrinalb auin Jodll J—wdw
(duwdud| ¢po0 553Ul
oi oo peyl de JUadl Juuw Je daiumll 8yl § redundancy HLS Jlo OT Joall § asd e
o< = ol 09395 63 oS 3 g (1SN elwoligladl o LooMS 3325 GAGg GAA wligagsll

118 6155 :RNA (o da>gis DNA £lia 9o dunill

transcription is the DNA-directed synthesis of RNA: a closer look:

gene $uall yunil jo Jo¥l dl>yoll reexamine transcription g—will wed 8slely L 9w
Jwasil o 300 expression

molecular Components of transcription : 2uuill duujall ciligSall w

yo Ologleoll JSU Messenger RNA &_uj @iy -
G JS (gl Gl alad) gl 138 (Sl LoV g ARSI g £2) el JAl 0 e J_Q 929 9 e
(Uai oall (B e ga b LaS ¢ A pLgY) Joualil (0 ¢ 53 Sbtin g L 800

o RN AS 3ot e o 58 Gt it i i i 2 | PFOtEIN-synthesizing (uigydl gxiaal aJl J| DNA

U Aadaall RNA Al gl o i ¢ o o80) il . . . X .

The stages of transcription: initiation, elongation, and termination. tem plate U?JSA.UI h-.l.)-l:l'l" O :dJJ..ﬁJ I 3 machi nery

This general depiction of transcription applies to both bacteria and - -

eukaryotes, but the details of termination differ, as described in the A | | strand

text. Also, in a bacterium, the RNA transcript is immediately usable .
as mRINA; in a eukaryote, the RNA transcript must first undergo

processing. DNA L;)J_).UJ pries Ej-i-.l. RNA pOlymerase e 'e] rQJJJ! -
onvr)n;m Transcription unit 1 OIMS'JSS'U. ioins P Ié ! m' Ps_QJg AS ||| los . . O.C

g - .

P Aol JI 351 loo DNA g0 Wl by yiall dlaSall RNA

RNA polymerase

ww

© Hnitiation. After RNA RNA ki of s el . H
m&ﬁ:&?ﬁ&:m%ﬁg%ﬁ AT ¢ }Ia. Al polyme-rase .(k‘_‘;l.l.” JS.UJ.I |) RNA pOlynUCleOtlde
po'{lmer(ase; |n|ua|le;]R::$ synthesis a9 « DNA 4l
at the start poin an . . A . .
A | A -
o templato snd RN ‘w&. ézz;n_-e_ﬂ: DNA acl_Aj 3 J-osy 6\1 | DNA polymerases Jso

Nonlefnp!ale strand of DNA

3

5 1 3 o . A . . .. .
’ "\_//\/ TemplLtestrandofDNA i k--g b-o-g A_'*'JS*JSS.}'J E‘.JSJ' W RNA pOIymerases USO."'
RNA
e 3" )bl Jl dsLayl & 4e.5" = 3 dolaul
© Elongation. The polymerase |polymerase Jiil: ANLi Y ) d £ GJJb Oc :
tha DNA and longating the Aa | DNA dSiyg ¢ JLll slad 3 ;
v s S e uies |5y anaisagis | RNA pOlymerases 0l .DNA polymerases guSe e -
2 ; re-(olmpa double helix higad At ¢ ol .__.Li:«i ) . . . .
ONAy P esmongssona | dOLs| U] pgzlicu ¥ e all o dlwd_w cxo Je 6)38
3 —— ! _\} X .
’ 5’7_/¥/ i Lo 63g>g0 primer ;5oL J| suigulSqu
RNA
transcript
QAT LU s e e | OlAaTgMSgall Ol (10 degaze Jlio 4o -
:Ri g’)‘z\memse detaches from uallyy ¢ RNA 43 .
PNAce polymerase | | 3y Cu> DNA Jgb (Jc sequences of nucleotides
5 A . .
’ RNA g law @Il OMwlwidl 03 e Gy Lgiiug ol

Completed RNA transcript

.
2
R N
"\
e S | promoter buixioll cuwl polymerase
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dJT alisus lgill dusyrs> § Lol terminator gioll o b pisSdl § gl diloc (g0 GJI WMl Lol -
clgidl

"downstream cuawll" ol direction of transcription guwill olil J| diiyjzl cli>¥l clale yuby -
OlagulSeuill Juubus gdlge wuog) Léyl wlalbuasll 03e easiuws " upstreamgauioll’ ol ,53l ol
RNA o DNA J513

terminator Ug.mll ol>il upstream guioll 4| Jliy DNA @ promoter binioll Jwl wi ¢l8 13Sag -
e s3I promoter buivall (0 Taw s3I downstream wawll olil § DNA stretch slasol e glhj
transcription unit guill 6359 RNA ¢ 55> J| duus

oo Syl Elgil Lyl oSg MRNA bhi$ (uy giioy s3ll RNA polymerase o 1351g Egi Ly sl ellias -
ribosomal RNA Jio /¢pigydl el @ Josi GJI RNA

gilgs § RNA polymerase (o J8Y1 e E|9JT B sl Wl cllias . Jrlaall § -

other RNA (0943 Loiwy .RNA polymerase Il ;o pre-mRNA synthesisely dilay 3 33wl ggill -
0¥9 Jdl e=2)0 3 GJI RNA wliyj> Zuuiy polymerases

vesy o @l el wligrdsg byl go JSI dSyidiall MRNA clio Glo T3 d) Wl d_adliall g-
Aoyl GlEss 3|

:RNA (o duwi glu

Synthesis of an RNA transcript

Yg—w .RNA dlwl_w termination clgilg elongation dlaiwlg initiation e Lo Gawill O =10l
Lgéuogl dossuimall Oladbuanllg Jolyall Je 3l Gy

:Auuill eaig RNA polymerase hldjl o
RNA Polymerase Binding and Initiation of Transcription 3

- transcription start point il dilay dbdis e a3l Joiiy promoter of a gene ¢l oo -
elld g 97 Olysac 82c 83lc extends diodg - MRNA cliy Ele8 RNA polymerase T.).g_ Cus AigudSguill

(ISl § LeS) dladl dhadi o upstream guiodl § OlaigulSgull a|9_ji Ry
olxilg 49> @890 § RNA polymerase buiy )5 lgiidlio el Ul Olisigpll go wleladl J] 13w -

09> dby il o §T9 transcription starts gl £33 (150 3320 0)923 |30g promoter buduwell e
template Jas dossiuuoll DNA
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ol crauai disy by RNA polymerase by, ol JS iy dogo promoter bixoll (o diuso cliol s -
2uzuall olKall § Tayw transcription guwill

) byiyg promoterjeswll (e dwai RNA polymerase go €52 Gy byl § -

RNA bld)l transcription Factors guuidl Jolge oud Olisigyll ¢po degamo bungis (solll Glsni> § -
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a—uill Jolg=) JolI gozall o—uy .4y RNA polymerase Il by 8ol gl Jolge buy asy b -
.transcription initiation complex guill £33 )09 ja>0ll buiyall RNA polymerase g

el oo (9SS G TATA Fgaio oumally panladl jamell DNA Juubig gundl Jolge j93 JSuidl pusg) -
Sloill Lisb> 30 §

dwool Je dlio transcription Factors gl Jolgeg 619l disyé> RNA polymerase g Jeladl asy -
Sodl vl § il § pS=all § protein-protein interactions (aigylg (aigydl Cilelas
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Jal g5 pans Gl gy Jaua 935 ¢ 31 g3 Ao LAY (B 3) o3 A0 Taial) B o) o
RNA polymerase IT il g2 fresil) ga B feudl)
The initiation of transcription at a eukaryotic promoter. In eukaryotic

ibgll cilyalyllg aglall slalg

cells, proteins called transcription factors mediate the initiation of

transcription by RNA polymerase II..

/) lw \ (17 eukaryotic promoter

! commonly includes a TATA
N, box (a nucleotide sequence

\ " . -

\) A EROCE l o containing TATA) about 25

nucleotides upstream from

the transcriptional start point.

Promoter
DNA r A ,  Nontemplate strand
5’ 3!
3 5/

f
TATA box Start point Template strand

e Several transcription
factors, one recognizing
the TATA box, must bind
to the DNA before RNA
polymerase 11 can bind in
the correct position and
orientation.

Transcription
factors

5’ 3
3 5

€) Additional transcription
factors (purple) bind to
the DNA along with RNA
polymerase 11, forming the
transcription initiation
complex. RNA polymerase 11
then unwinds the DNA double
helix, and RNA synthesis
begins at the start point on
the template strand.

RNA polymerase 11

Transcription factors

51
3'

Transcription initiation complex
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Elongation of the RNA Strand :RNA hupi allla|

10-20 k“;I9_> @ iSyg 1z9djedl Clglll ¢lay aild .DNA Jgb Jc RNA polymerase ¢yoiy Laiyy  ®
(JSadl 3 LaS) RNA WlauigalSous oo oy8M aolg widg 3 DNA OlauwigulSgu
£852 oo 3" Gbll Jl OlaedSes eapidl sy e

Ciuay g ¢l DNA ks Jsb JeRNA polymerase & ady ol i)
« polymerase <l (aliiall RNA 43 (e 3 Gl ) ubaCil) RNA G145 € g . . . ‘e
8 b g g 33a G la QS0 dlay g ¢ Al a5l 0 g uad) RNA geleds agb_yo“ gJJQUI ng Ul.c)o.mu Lo.uu U,OLU.A.” RNA
Ll
e
Iranscription elon Ill()ll RNA polymerase moves along the DNA 9 sy ,RNA LU . doA850 ” d—>9 o || ol > LQ.C' . °
late strand, j I tary RNA nucleotides to the 3 end of [0 - e e . < é
the growing K\A transcrlpt Behmd the polymerase, the new RNA peels = .
away from the template strand, which re-forms a double helix with the o< peels away I.\.‘.QJ émsb _)J_)._QJ I R NA 26)}

nontemplate strand.
Nontemplate

- strand(\JfDN/\ 893}0“ 09_}1_9‘“ J},S_)JU .)I,S_JS 4(1.\ UDLéJI &_AJLQ.” DNA

RNA nucleotides
RNA ‘
polymerase DNA _J

8ac @b pe aolg g § Aolg iz i oS @
va=dl Lgasy 215 RNA polymerase (o wlij>

\ o RNA 10 growing strand u.ol.uo bo i glbiy e
Template
et a2 by b JS Jogb puSey Eus polymerase JS
Ailadl dbss o Il Je o3l Jlaisl sao

' Newly made
RNA

MRNA dyaS g0 M3 32lg W9 § 32lg iz dwiy el QI polymerase wliyy> o =il ganio]
ByS ©laSy il gl gio Je sl xeluy oo dio d3guiall

Termination of Transcription :2uuill clgil 1

terminate transcription glumiawdl Olgie di) b § soll Olibs>g byl Gliss e

.DNA@ terminator sequenceclgill Juduws JU5 o guuill dilac @i /b S 3 o

JLasil § cuwiy oo (clgi] 8)Lils (RNA Jwlws) transcribed terminator & g-uioll Ug.mll Josy o
=il oo 1350 clbais 3 (GJlg dauill §Mblg DNA (e polymerase

8yl J—wl i oy DNA (e J il wi & wis RNA polymerase Il pgy «soll wliini=> § o
6)Lib]" 030 yisig.pre-mRNA § (AAUAAA) polyadenylation 8)La| 33y s3lg .polyadenylation

disso Wlinigyu 1599 buip dild RNA OlagiglSess diw oo (195%all Slaiodl |30 jogb 3ymes di¥ "signal
sloill §

RNA daus Oligigyll 0do ghdi AAUAAA 5z olxil § WlauigalSexi 10-35 Jlg> dbsi dic el aoy @
d=>Jleoll pre-mRNA .83 ©3.pre-mRNA Lsll mMRNA dalho polymerase ¢yo dJJI
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rdunid] 35 RNA Jass 8lgill daiaiis LI

eukaryotic cells modify RNA after transcription:

JLw)l Ju8 83350 Gyl pre-mRNA modify Jaasil dlgill dubié> 8lgs & 8392gall Wlayiidl pgdi e
.dJg3l dsuuill both ends G)b_).».&.) i 030 RNA dalleo clislg eiMgisud | ] duuzmdl dlw)yl

J—o99 RNA csj> o dinso interior sections dusls ‘oLméi abs e W3l pbhieo § Ldyl e
dozyill fol> MRNA ¢s52> wMasill 0do ail 5o disiall clj>¥l spliced

alteration of MRNA ends :mRNA _ajh juoi »

(JSad 3 LoS) diuso dity yloy pre-mRNA e 32 dilgi JS a=ipi @

oozl 343g:lSesi o modified Form Jase JSui g9 .5 cap Ll Mgl anyiuoi piy s3I 5" Gyl o
AgulSou 20-40 Jol guws sy 5 Syl J] Slay (G)

i pre-mRNA OT)S.U Blgdl (o MRNA 2,5y OT J48 pre-mRNA s> o0 3" dilg o= Ll ey e
AAUAAA .polyadidillation &yli] guw ¢y ypad 89 asy ddMblg dehd

poly-A tail Gg<o 3Ll (A) puin>31 ©layigalSess 250 JI 50 o el caway« 3" dilgll § o

dagall Wilbgll (o 2a=ll § poly-Atailg .5’ cap Jyuiny o

Blgill ;0 auslll mature MRNA exportypiual Jgus lgil 9w gl -

hydrolytic enzymes dlawoll Oloy 353l douwlgy degradation JU=il .o MRNA &lo> 3 Aelwd U -

Mgl J] dlgiog 32y MRNA (1o 5" &)kl bli)dl Jc ribosomes Gloguwgmlyl sclus BUg -

3" 9 UTR 5" owl lgd] yLiw) MRNA (10 3’9 5’ §)b sic (UTRS) dazyiall pe gbliall Ll JSidl pusgs -

(UTR

powgnlll bidl Jio ()31 Wilbg lg) o< wosigy J lgiazyi @35 o) MRNA o sljal Lo UTRs

VRV A modified guanine nucleotide 50-250 adenine nucleotides
NI o added to the 5’ end added to the 3’ end
TRANSCRIPTION l ) ) X

Region that includes \
RNA PROCESSING B i , protein-coding segments Polyadenylation signal , \
A PROCESSNG | 5 ) . pikial ¥\
i G~ e~ . AAUAAA AR AMA
- 4 A e }\Start codon Stop codon”” v N ~N—
TRANSLATION ¥ Ribosome 5’ Cap 5’ UTR 3’UTR Poly-A tail
L iy
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Split Genes and RNA Splicing : RNAyjg alinll ghd »

dlj] @35 Cuo (Uil § LeS) RNA splicing pusi o 8lgil dusyé> 6lgi § RNA dallso o doil) dloye o
dysiioll clj>3l reconnected Juogs 63lelg RNA (40 6,45 clj>i removed

ol 13 laeudSeull ro 29) 27000 Jlg= s yuinll DNA 55> Job e gowill 8a>g Job bwgio gly @
Guol paas 400 o yoSall puigmll § pasll b wgio loiy byl dhgb digdl primary RNA d5_uws
.code For it 121 RNA § 3u594Sg4 1200 bdd by

(Remember, each amino acid is encoded by a triplet of nucleotides.)

6ydiro e dhgb wlislaiol Je Ggim gy d ol RNA g g 8lgill disd> wliunll plano g3 elldg o
.not translated lgiaz)i 0l @) Gblio o9 Wl3igulSeull (o NONcoding

.coding 8 auinall ()l cli=i lgllsus noncoding 6 ybuinedl yaé Ml 030 eboo o

eukaryotic olgill Un.mp A A3 Jl jop s3I DNA OlagigalSen J—uwl i L9 WSy3l Hlsy e
&8 I lgowwss iy ¢ not continuous yoiume yuaf (1951 Lo 63Lc polypeptide

Olgyu3l ol «dlslaiall Oleylielly pé aill Gblio ou 283 GJI DNA__J 8,8 iroll jue clja8l o wi o
Gb oe e8I dilgll G lgic yumill o Loic 453 exons Olg—wsT 5,33 Gbliall ows introns
amino acid sequences duixo3l yoloo3l o Ollgie U lgios)s

i 3 9SJg MRNA o |€5> JSis GJlg RNA wllgl § 839=>gall exons go UTRs wiclitiwil Joii) o
ovien Jl lgiazy

Olg i3l (1o JS gy RNA polymerase Il pgéy (guzJl oo primary transcript &'.A.lgi d3uwi Joc g e
B paise duul 9o pjgll >3 I MRNA s3> ;S .DNA o introns and exons Olgms3lg
&0 MRNA ¢ 55> JCidig o wligwSHl 3oy el oo Wligyudl gl RNA splicing pasli § --
.continuous coding sequence joimo Jaluind Jabwd

e/

] Spre-mRNA pusi @iy LS

o—wy ps 0 RNAsg ligigill go goison yus complex wSyo dh wlgy wligyuidl dljl eny e
.spliceosome

el & Loy wy9y531 Job e 8yl lagigalSoull Ollgio o Apasll complex wasyall o by, o

(Sl yail) Sy JS'§ dumulyll OMubuid|

Gl exons Olgms 3| oo by spliceosomeg (degraded JIi Lo ¢leywg) intron I yy=5 @iy @i | @

.09x53L Flanked buxd
1goalll @890 Je Wy=illg gramill spliceosome pld § bad &)L 3 spliceosome § RNAs ol puail e
splicing reaction pualil Jeldi 1o Lyl (,Slg
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Spliceosome

5’

Small RNAs

Pre-mRNA/
Exon 1 Exon 2
Intron—
Spliceosome / 1 K/’
components
mRNA
5’ Cut-out
Exon 1 Exon 2 intron

G4l el pu ) 4B pre-mRNA J L b 1 A spliceosome
exons ¢ (U1 4 Juss (54)9) intron & « pre-mRNA J4 L 44w
e Basna bl ga b It € 4l aa spliceosome Ji1 RNAs ()
pre- g § yiuall RNAs spliceosome jias ¢ €lld s g iiy) Jsh
M (o (09 500 (ol Laa ¢ Laa G goiSY) ay )5 MRNA
A spliceosome splicing a pre-mRNA. The diagram shows a
portion of a pre-mRNA transcript, with an intron (pink)
flanked by two exons (red). Small RNAs within the
spliceosome base-pair with nucleotides at specific sites along
the intron. Next, small splicecosome RNAs catalyze cutting of
the pre-mRNA and the splicing together of the exons,
releasing the intron for rapid degradation.

exons.
TN
TRANSCRIFTION | |V

TRANSLATION ‘ /bcrore
e S
Lrohprpeide

.

Codon numbers:

PO i o sla sagl) oty 3o sl ¢ mglap ) 3a Ut g sall RNA 5632 (RNA) psali 1(RNA) dallas
MRNA J& L 43y globin-f ¢sal) ¢ siss sl jaes 146 Jsh Gmslall -f ¢ Sligassl) ) RNA i 525 5al
exons (4 s3> Lad UTR 3’ sUTR 5’ () .mRNA Jie 51531 & s 30 cidlualeatl poa (381 555 ¢ il guaS) 22305 Jlo
b e exons asalig Clig ) adab ads ¢ RNA Aadlea p L1 (09 pall Ja 5 Y 42 ¢ I3 mag ¢ MRNA (A Adaaia Y

RNA processing: RNA splicing. The RNA molecule shown here codes for -globin, one of the
polypeptides of hemoglobin. The numbers under the RNA refer to codons; -globin is 146 amino acids
long. The -globin gene and its pre-mRNA transcript have three exons, corresponding to sequences
that will leave the nucleus as mRNA. (The 5¢ UTR and 3¢ UTR are parts of exons because they are
included in the mRNA; however, they do not code for protein.) During RNA processing, the introns
are cut out and the exons spliced together. In many genes, the introns are much longer than the

5’ Cap \5’ Exon Intron

Pre-mRNA

1-30

Exon Intron Exon 3’
. N roy-Atail
31-104 105-146
Introns cut out and
exons spliced together
5 Cap\
mRNA Poly-A tail
1-146
5'UTR Coding 3’UTR
segment

LG a1 s gl g Y1 (3365 ¢ il (a )

:RNA (po0 a9 duis 63uae duwdw by 9 doyil

translation is the RNA-directed synthesis of a polypeptide:

osigyll JI MRNA (10 genetic information Flows duusJl Ologlall (§935 diayS osdy (3l it

(JSiad! § Los) (translation desydl dylec)

Sl J] 8)Livdl go wseill Olirisg LSl oo JS § &amd Gl dazyill dowlwll Olghsll Je 555w
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molecular Components of translation: :aaafll aujall aligSall w

Ui &34 polypeptide ayin J92 Sy diilyg dllw) duJl 'I,55" kranslation desyil dlac g °

JSWI RNA o wl aoyiall e @lbag MRNA csj> Jgb Je lgagSl ¢ro dllw e 8)luc dlwyll o
(ERNA)

cytoplasmic pool s',oj)l.gg.‘::,\_.n.~.nll &o2ul (10 amino acid ‘S\gngl woel Jii § ERNA daybbg Jiais e
ribosome Glogwgalyll § growing polypeptide Juljio s 2aae | duiso3l olasM

L@l Gk o Lol o y—imll dyigo8l poLasHl gram Lilias Ly polsll pjdhgtsull Je dsll boloy o
surrounding solution buswall Jglawall oo loisi §1yb e ol 331 WlSyo o0 Synthesizing

Guol paas JS d8Lbl pging RNASg lisigull oo ggiuae usyi 9o Fibosome pgwgnll iy o
(Jsadl pasl) sgin Joo dludud deoll dylgidl JI (ERNA) dbuslgy di] ojlas] e

AN F S AN AN
MRNA £ il Lais | ald¥) o ggdall :das 1) e | | ™ '. e o o~
Gabaal ) g3 g an 5 ¢ Cla gaa g A | ¢ °
Cgaa el g ¢ gan iall AT 45 1l ¢ Al mﬁ' ° ﬁ
0458 Al £ 53 JS ¢ tRNA Sl ja ad ¢ &g 58)) & Amino
gﬁ Jilia u-‘:‘-“‘ waaa g 4d )k N ‘.1A daaa Jala PY Polypeptide =
(o 43l gaa JUN tRNA cisd AV Gijhl) .2
Ladic Asaliia aiiy gy duddes ) Aisad) Galaal) () tRNA with
i g g0 Al 9 )38 gl g 3 i g 60 a5 ekt for s

.mRNA & 4Ll
Translation: the basic concept. As a
molecule of mRNA is moved through a
ribosome, codons are translated into amino
acids, one by one. The translators, or
interpreters, are tRNA molecules, each type
with a specific anticodon at one end and a
corresponding amino acid at the other end. AAA
A tRNA adds its amino acid cargo to a vesy u'"": cj
growing polypeptide chain when the 5 ;
anticodon hydrogen-bonds to the /
complementary codon on the mRNA.

tRNA

Anticodon

The Structure and Function of Ribosomes :Cilogugulll aailhgg wusSyi w

WligagS 2o ERNA § (93981 wislael specific coupling sawll 083l Glog wgnlyl Jgwi

.protein synthesis guigyJl cliv clisl mRNA

JS 09y ;small subunit 88 o dic)yd 6a>99 large subunit 6yusS dicyd 63>9 o pg—wonlyl pgsia | @

rRNAS) pgwgnly)I RNAs u.o_ySi gi dolgg Wlikigyp o lgio
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38308 Josy dil LS {epine,all (uiasgll ow deolgllg Pg A &lgall —suud)ll y9%all 9o Ribosomal RNA e
&1l § powanlyl Hlicl ySay ( JWLg .catalyst of peptide bond Formation syl diuly 295U

one colossal ribozyme 13>1g Lasus Lauljgn )

The anatomy of a Functioning ribosome : (,2:b5g)l pgwgnl ] 2u i

7 1 TaanscaeTion | o

o

( = \
|
\ Ribosome
ANl TRANSLATION
\
N\ . Polypeptide

Growing
polypeptide

-

Exit tunnel
for growing
polypeptide

pg—wanbll 23gadl 130 .29l pgwgnlll yiguosl 23900 (a)
plell dlSin yghd (6 isi]

drogwon I dreyall 82>g)l Lo 85 dyliiiiio Slgill Wlbsi> pgwgnl)l
- ©liig llg dyogmgu )l RNAGK 2 (o degozo (0

(exit site)

mRNA
binding site

Large ‘
subunit

o~ Large (3) Computer model of functioning ribosome. This is a model
oy b o of a bacterial ribosome, showing its overall shape. The
) | subunit eukaryotic ribosome is roughly similar. A ribosomal subunit is

mRNA a complex of ribosomal RNA molecules and proteins.

P site (peptidyl-tRNA 8_99-0 Je PMS’HU' G Bl 85'90 29! Ukubm 2392 (®)
‘ binding sie LEg P 9 A glgo puwb 9y=i, ERNA bu) g8lgo didlig MRNA )
. Exit tunnel . . ] ) )
A site (aminoacyl- s> d bl PS-W)JI @ kb-*b-ﬁk“ pg.wgub]l |_).m).eb.m)
E site tRNA binding site)

(b) Schematic model showing binding sites. A ribosome has
an mMRNA binding site and three tERNA binding sites, known as
the A, P, and E sites. This schematic ribosome will appear in

later diagrams.

Growing polypeptide

Next amino acid
to be added to
polypeptide chain

tRNA

bLg)3l g8g0 LRNA 033 .tRNA g MRNA g0 Jhubsi 23905 (€)
Jwoou p g8g0. MRNA (19395 2o 63l sall diacls 2l Loaic
Aliie 3 Jon lasiyo (ERNA)

adloy Jull @m}!l vl Joou S ERNA e A 29g0ll sgiu
Jol gois E g8gall (o deyaall ERNAS j3lei .y Joul dlwdaw JI
AilowSg S| dinlgs § i

(c) Schematic model with mRNA and tRNA. A tRNA fits into a
binding site when its anticodon base-pairs with an mRNA
codon. The P site holds the tERNA attached to the growing
polypeptide. The A site holds the tERNA carrying the next

amino acid to be added to the polypeptide chain. Discharged

tRNAs leave from the E site. The polypeptide grows at its

carboxyl end.
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Building a Polypeptide :auiudl a1ae eliy i

ol &M I/ (synthesis of a polypeptidessil 3ac §als0) translation dooyll oy s LiSay
Jolge" Clbis &Ml , oliell 0do JS .termination clgidlg elongation dUniwilg initiation caul

(GTP) guanosine triphosphate ¢)jgilgsl Oliwgd MU hydrolysis ol Jodl dhuwlgy loyudgi

Ribosome Association and Initiation of Translation :alaa Ul £a1g pg.wg._qhﬂ alail &

0¥ ago liog ‘dazydl &l J] (AUG) start codon £l 3gS 1 iy «seill ©liiyis ol Lyl go JS § -
MRNA J (593651 21,8 U] {94

dpog—wgs )| subunit dacyall a>g)l iy First step of translation desyil o Jo3l 6gbl 3-
methionine guigaiae Guodl yaoall Jasy sillg dnitiator yslall rRNAg MRNA (o JS) 60l

3 MRNA 0 cap5’ cliaall bagyi =il ERNA (53U go éysuall dse,ill 8359l baiyi wsgill Olydigis § -
buiy @i istart codon dylsull (59395 JI J—ad G=> MRNA Jgb Jc downstream )awoll oLl § &)=
AUG 53Ul (y9395JL hydrogen-bonds duia>g)3ud bulg s initiator ;galJl tRNA

Jay 3l LRNAg MRNA) o dezyill £ dloye clisl pasdl lgasmn by Gl Jo¥l @ligall ol6 /Jllg -
(JSadl yks) (8 paseinll dyogugn yl dieyall 5a>g)lg polypeptide o Guol yias Jgl

translation initiation dos)Ul 30 geswe JLoSY 6)uS dyogwgnly ducyd sa>9 §LY)| S 2uy -

Small
ribosomal
mRNA binding site subunit
© A small ribosomal subunit binds to a
molecule of mRNA. In a bacterial cell, the
mRNA binding site on this subunit recognizes a
specific nucleotide sequence on the mRNA just
upstream of the start codon. An initiator tRNA,
with the anticodon UAC, base-pairs with the
start codon, AUG. This tRNA carries the amino
acid methionine (Met).

MRNA (8 55 532 5 sua daguga) s 4o 8 3 g b i
ot Lo mRNA by g8 ga cijaty ¢ &y aCl) 4080 8
MRNA & 3358 35550855 Juulusi o A ) 5n 51

anticodon &« < tRNA ) g4 sl ¢gae8 Ay b
134 Jasy LAUG « Ayladl 368 ga 520l ) 550 < UAC
.(Met) Osisdiua isa¥) Gaaall tRNA

Large
ribosomal
subunit

Translation initiation complex

® The arrival of a large ribosomal subunit
completes the initiation complex. Proteins
called initiation factors (not shown) are
required to bring all the translation
components together. Hydrolysis of GTP
provides the energy for the assembly. The
initiator tRNA is in the P site; the A site is
available to the tRNA bearing the next amino
acid.
s gana 8 S Aragragn) s Ae B Baa g Jmag oS
Lglha (Lagma s2) sl Jalge and AN clisig all
J lall JIail By e dan il clisSa gran gpendl
¢ P Qe B 352 00 tRNA 53 araaill 28l GTP
A sl Gaaad) Jasy 3 tRNA Tlis A g sl

o—uwd Gl wliyigpll .complex
initiation factorssaJl J-olge
©lgSall 0io JS arand daglho
&1 Bl Lyl ddsll ais LaS oo
Haidl 6)5b e Lgile Jo ol o
GTP csj= hydrolysis éLAJl
el gaswo JusSisd

oudzu el didac ¢po clgiidl dic -
o9—wgnbll P gdg0 § LRNA (53Ul
J Boals el il A gdgall 4s%ig
.Jlaminoacyl tRNA

Mpumdyulhpx-

one J—lg ol=adl § Lajls

5Ll iguinall (o (direction

ibgll cilyalyllg aglall slalg

Swo8l ol olzily N-terminus Lul ooy ool degamo Jasy sl Wbl Ginitial methionine
C-terminus Gybll Lyl Gaug «JauSeySIl @b & Slgill
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Elongation of the Polypeptide Chain :auidl 6a1ae daludw allhl =/

duigo3l polas3l U 5)331 gli 8aolg duno8l polas8l L] oi5 /do=yill elongation dUaiwdl d>yo §
Joloe Lo liigy 63c ddls| JS sic J5355 . growing chaingedd| duwaw (0 C-terminus dic dés bl
(JWI JSadl) § ddguogo Wighs LM (o )93 § Laxig elongation Factors dllaiw3l

Carboxyl end of
polypeptide

@ Codon recognition. The anticodon of
an incoming aminoacyl tRNA base-pairs
with the complementary mRNA codon in
the A site. Hydrolysis of GTP increases
the accuracy and efficiency of this step.
Although not shown, many different
aminoacyl tRNAs are present, but only
the one with the appropriate anticodon
mRNA & will bind and allow the cycle to progress.
Ribosome ready for %
next aminoacyl tRNA

Amino end
of polypeptide

GDP + @),

€ Translocation. The ﬁ}
ribosome translocates the

tRNA in the A site to the

P site. At the same time,
the empty tRNA in the P
site is moved to the E site,
where it is released. The
mRNA moves along with its
bound tRNAs, bringing the
next codon to be translated
into the A site.

@ Peptide bond formation.

An rRNA molecule of the large
ribosomal subunit catalyzes the
formation of a peptide bond
between the amino group of the
new amino acid in the A site and

the carboxyl end of the growing
polypeptide in the P site. As
shown in the next diagram, this
step removes the polypeptide
from the tRNA in the P site and
attaches it to the amino acid on
the tRNA in the A site.

ibgll cilyalyllg aglall slalg 17
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Termination of Translation :d.oafill clgil &

(JWl Jsadl) termination slgidl o do=)il oo Final stage 61531 dl> el

UAG OlagigdSull o aclgd didi A g8gall JI MRNA § Sl 9395 J—ay G dllbiwl joiwi
Gl Ol elld o 3y Josi lgislg dusodl polasl joyi 3 (3" « 5 digiko lgsuas) UGA .UAA
.signals to stop translation do>,Jl

& Blaydl 9395y 8yiblo @aminoacyl LRNA Ui e sy 909 « release Factory yall Jole by
Olij2) i Joul dlawdw d!@oiuwopim clo e5j=> dSLub| § pyoidl Jole iy A g8g.0ll
(dygll 8yLasll § 899 cloll

P 8890 § tRNAg JoiSall auin Joul o diulyll (hydrolyzes Jlall Yol @1 yb ¢re) Jelad] 130 s
lo J 08 ey 03 pg—wonll) 6)usll dicyall 8a>gl exit tunnel gg )l G& JM> ¢ro 2w Joull $laug
dyigigp Jolge 6acluay Olghll 832%10 diloc § translation assembly daz)ill degame (1o 845
.Ls_p‘T

os Jlell JIoull cdbsy Breakdown of the translation assembly dooyill degozo pubad
GTP (o gyl

Free
polypeptide

5’
3 e
at
2 3GTPY

:/i/\\

& ,

2GDP +2(),

Stop codon

(UAG, UAA, or UGA)

© When a ribosome reaches a stop codon on
mRNA, the A site of the ribosome accepts a

“release factor,” a protein shaped like a
tRNA, instead of an aminoacyl tRNA.

@ The release factor promotes hydrolysis of the
bond between the tRNA in the P site and the
last amino acid of the polypeptide, thus
freeing the polypeptide from the ribosome.

ot

€ The two ribosomal subunits and the
other components of the assembly
dissociate with the hydrolysis of two
GTP molecules.

Targeting Polypeptides to Specific Locations :03a2.0 gdlg.al Glaiudl auac arngi 3

ibgll cilyalyllg aglall slalg

0o oxicgao protein synthesis gaigydl sla § dh il 8lgll dudd=> LMW ol Ggymall o @

8)Luasll § 8yl Glogwgulyll suspended @Galsi oy Free and bound dhuyiyeg 8y> 1logwgulyll
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e LY ® =
HEERANE S gouy

[ ]

¢llisyg endomembrane system (JSlall sluisdl plds (1o Wlisigy dbuiyall Olog wgnlyl giai e
odgui8l Jio il (o jya5 Gl O ludg ]

©log—wgnl) laisS o alternate VgLl o Seug dilbio lgwis Wlogwgul)l ol dbsle pgall o
A1 8yall § dbyiyeg b0 8y>

effects of Wiyl Ol g pgiiw gene expression Guall yusill diloc Ly of asy (31 o
Al duusdl Ologleoll e changes

diversity of Oluall JSlgll g9idl (e dJgg—uo .mutations Glyabll Lo uwi Gl Olusill ol o
S0l Olu=d dlgll ol o mutations Glyabll ¥ dsll LS o0 839>90)1 genes

Low O lawigdSqui| ¢ro €|9_)i dsudy gi 3>lg) small-scale mutations §lbil 6o Olyabll ()i lo o
ol o WlagulSaull (po 3=lg 29j § Winsilly point mutations dbaill Olyabll cll3 3

289 zliwodl yogb Jl 385 dul> § 9l gamete gLino3l § point mutation dubds §)db x> 13] e
dosall Jus3lg co¥l J] Jaus

lail e 8,abiall sl J )L .ol Syolll boill e adverse eFFect@J.m,.ﬁ:i'i.:" dyabll oIS13] o
hereditary disease -.3')9 udo ol genetic disorder S;l_)g olbuol

z9) § 8,ab sickle-cell disease duauiall LM 4o 0] Sl ool wdl 205 liSay (Jlall Juw Je o
ongl>gougll (oSall B-globin il 33 yady 3 guall § WlawiaudSoull (ro 3219

abnormal Um...b,.u: O¥9)2 glilg MRNA juei Jl LIl by, 6l DNA § 3=lg adgulSou yusi 538 @
(JSall § LeS) protein

eI L sickling Gavadl Sl @iy «yaloiall JJW homozygous yglilaio ao ¢niJl 31,83 g
Giw GJlg dilmiall LIS g0y dbuiyall 833210l golyedl Hghig puglagaugll s e pallg slyonl
lgiwlys

il duse Jicl o duld dll> go point mutation dubds 8yab (o 23U y51 disorder Llybusl e
Lolaall wgall dyglwlall Gslgsll yasy oo dghwo 29 Familial cardiomyopathy uhl.nll
6yairall Oligzll go 3a=ll § point mutation dubiildl Olyabll 330 5 389 VLl gLl

whbusdl 3o J] lgie i 381 ol pXag dlasll ligg)

ibgll ciludlyllg aglall slyelg 119
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o) £ 5 G Ja¥ 08 dodatall LDIAD) (2 5 e (5300 JaIY) Gl A § i rlacdal) LAY Gl jal i Jadl b
i g (S (0) Lmndal) 1 jaad) adl) ) ST SEM A & pgaall Jgeal) DNA 1A 5 5 (a 329 @35 (b 08 (53
AN e 8 latall g 5l g sl (e LU cliadl lilada 318N Ga (Oxadl o) Aaladall ¢ paadl aal)
The molecular basis of sickle-cell disease: a point mutation. The allele that causes sickle-cell disease
differs from the wild-type (normal) allele by a single DNA nucleotide pair. The micrographs are SEMs of a
normal red blood cell (on the left) and a sickled red blood cell (right) from individuals homozygous for
wild-type and mutant alleles, r ively.

Wild-type B-globin Sickle-cell B-globin
In the DNA, the
Wild-type B-globin DNA Mutant B-globin DNA mutant (sickle-cell)
£ 5 3 N 5’ emplate strand
5° ¥ | o NI > '°P) has an o
where the wild-
type template
hasaT.
mMRNA MRNA The mutant mRNA
4 G AG  ESERY G UG  ESEEEINNC
an A in one codon.
Normal hemoglobin Sickle-cell hemoglobin E_h;o’git:]tigz avaline
T O msemor
glutamic acid (Glu).
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B types of Small-Scale mutations :gLhill spen ciljahll ¢lgil i

Substitutions :JIasLl -

2950 45y WlageulSeull Al Jlaiwl o nucleotide-pair substitution WlagigaSesll 2gj Jlawiawl o
(8 IS ) OlawigulSouill oo 451

ool duuz 8,84 (o HiST 3929 L encoded protein yauivodl aigydl L il gl Gud Jilaul pasy e
.redundancy of the genetic code s>lgll Guoldl

s3I MRNA (59395 418 3'_CCAS Jl Wl by il Je 3'_CCG_5 I éy6b cidas 3] Jlall Juww Je o
&yl .ouigll § usliall gSall § 15)10 glycine guamadall by X9 GGU auaw GGC % of sl
Sodl paaall puii J] diazys eiy 3T U] 09398 Jigas Jl OlasiodSouill 29) & pmsill §382 8 15y51

Sl bodll Je bgolo 5l gl Lud &Jlg :silent mutation dieluo 6)ib Jc Jlo g0 yueillio Jio o
some silent mutations dielall Glyabll yasy o Je s Jlo o olaiol yuiall 09 phenotype
awdi 90 J=all grigyl ol oo peyll de ozl e susill sgime ol oo Je yiblo e JSin 5555 28

Sl Olhyabll Lawi )31 Guol paas U] dinedl polasdl Aol yuei Ul Substitutions JSlaJl e
.missense mutations

valias 3320l Guell paasl osSy 8 gyl e little eFfect Juiud yili 6)6bll 030 Jial g9 38 o
Joabuill 9953 3 s gyl o dihio § 095 38 ol e Jo 3l Guodl paanll duolsll el dgiline
o9l daybg § )gpe diuoll yolasW G8I

ol & 1S 5425 s GUI elli Lo dranl yisY] substitutions Jlal olyeb dlis ol8 .cls gog

oo £5201 & JI5l g9 LaS - (uig nll § crucial area dounls dibio § 35l Guol G yuwi 638 ol oSes @
bt yus5 J| @il bl @8gall § of @alll JSil § psgall puslzgasgll B-globin dic,ill 63>l
oS Sy ysig

63932 Whad) gioly oaigy ol improved protein g—wswo (aig Jdl 8yabll 0o Jio 355 38 (u>po @
os99 dl 535 lew .neutral or detrimental 6)luo 9i 60w Wlahll 03 (ST sl o yuis 3§ o¥g
ccellular Function dyglJl daubgll sy BLis J8T of 854l euae

dl 3051 Ul 3 Jasall 993650l ol sl ‘missense mutations dibls Wlyab Jlaiwil Glyeb osSilo 53lc
Suwodl ool v ol 8)9,—ally pud &Gl o el Je .makes sense yibio c b |3 0g Lswol gY-v-t
2usuall

stop codon idgi 9395 ] Guol paas) 9395 yuei Lubyl point mutation dubiil 6)abl Soy oS | @
:0lg8l Ji8 dasyill terminated clgi| § Lu—wi gog .NoNsense mutation duibio jut 6)ab o uw o

2 ohabll pheo 387 .Geubll gl dbwlg yo el Al e o ;s Al il 2ae peSyw
.nonfunctional proteins datubg yat Oliuigy | dislioll

ibgll ciludlyllg aglall slyelg 121
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Insertions and Deletions :.aiallg aljadl »

(b JSLidl) pazdl § ©lagigalSouill zlgj¥ losses add gl additions ©BLS| oo Gisllg 2l wllac o

A3 substitutions Jlaw3l oo ST 23l gyl Je disastrous effect dJISJ-ULl lg wlyalhll 0do
gl dJLwyll alter the reading Frame 6<l)d jlbl yuss J| OlauigulSeull Bis ol Ul S
dozydl el )33 s3I MRNA Je olagsylSaull j3 gozillg
OlagigalSeull 3ac 9% bosic Frameshift mutation doljal 6yab ouwi Gl 6,8kl 0l Jio &ai e
20> grox el w JWlg is not a multiple of three dist) Laclbo juf d9gimall ol do)yadll
Olydb doyill 95wy Wligsgsll § pumo e JSiw zlys3l ol Wizl 5z ol § ©lagigudSgull
daibio yé 8ydby T ol Usle 8sle guis extensive missense mutations Uil dawlg dibls

~osigll Jasy o) JLlLg premature termination)Suall £lgidl J| 5385 nonsense mutation

odo o—wj ¥ ‘outside of coding regionsjioyill Gble 2 )L Ludul Wisllg gha3l wlloe Gas
oSes Jlall duw Je - g0l haidl Je olyili lg) 055 of oSes ¢Sg Frameshift dsljl olyabll

ibgll cilyalyllg aglall slalg

x5l dao sy 0809 09 ol ol Gl owdl e el dasS Je 5385 ol

Wild type

ISR EdT A C T T CAAACCGAT TS
A T GAAGTTTGGCTA AES

WEUERMA U G AAGUUUGGCUA AES

Amino end

(a) Nucleotide-pair substitution
A instead of G
TACTTCAAACC
dA T GAAGT T T GG|TIT A AEJ
U instead of C
S'mmmd][ms'
J
Met Lys Phe Gly h Sfép

Silent: No effect on the amino acid sequence

T instead of C
¥ ﬁ (C G A T TI4
A T G A AG T T TIAIG C T A AES
Ainstead of G

S'Wﬁ G C U A AEg
\ J
Met Lys Phe Ser St\ép

Missense: A range of effects depending on the location within the
protein and the identity of the new amino acid

Ainstead of T

TCAAACCGATT
4A T G|TJA G T T T GGCT A AE

U instead of A
5 mmdlmm ¥
[ Mot purneny
Stop

Nonsense: Effect depends on how close the new stop codon is to the
beginning of the coding sequence

Carboxyl end

(b) Nucleotide-pair insertion or deletion
Extra A

3'&5'

LA T GITJAAG T T T.GGC T A AES
ExtraU

S'MIh?

%/_/
m Stop

Frameshift causing immediate nonsense (1 nucleotide-pair insertion)

:mlssmg
EdT A C AA|CCGATT
5

T T C
ATGAAGTTGGCTA AES

[¥] missing
AUGAAGUUGGCUAA

Met Lys Leu Ala

Frameshift causing extensive missense (1 nucleotide-pair deletion)

LE missing
TACAAACCGAT TE§

ATGTTTGGUCTAAES

LYWW missing
t4A U G|U U UGG CUA AFS

Met Phe Gly N4

Stop

3 nucleotide-pair deletion: No frameshift, but one amino acid is
missing. A 3 nucleotide-pair insertion (not shown) would lead to
an extra amino acid.

3
5

£
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new mutations and mutagens :Lgiluuuog 8asaall ciljahll &

@b 63 Olyabll Linis ol oSos

recombination wuS)iJl 6lc] oI DNA replication webas clisl clbhs¥l -|
X-rays duiull daisdl -V

Chemical mutagens ddbeuSI| wlyaldl Oluwe -1
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% Exercise 1

Ol

SBEY)

A particular triplet of bases in the
template strand of DNA is 5'-AGT-3'.

What would be the corresponding

O

[NEYERY)

5'- o DNA— Il by i § Selgdl] o digso disl
Se9miall MRNA J (Jliall (93951 g Lo AGT-3'

Q-OLLY
NSMO

¥

% Exercise 2

codon the mRNA that is

transcribed?

A | 3"-UCA-5' C 5'-TCA-3’

B | 3'-UGA-5' D 3'-ACU-5'

Second Base
U Cc A G
Uy UCy - UAU UGU v
T
uuc:l fe uce UAC :l = uec] =il
) UCA [UGa |
AJ - :UM pr: swpl|| A
uuG UCG - UAG swp|l| e Tp ||G
CUU - CCU - CAU :| e || €3 v
cuc cce CAC cGC c
cua | " || cca CAA caa [ *® ||a
]
! CUG - CCG - CAG cGG G !
g AUU ACU - AAU AGU v E
:| Asn Ser
auc | Ile || acc AAC AGC c
AUA - ACA AAA AGA A
au Metorl| acg - MG:I W 1l aead 2 |la
GUU - GCU - GAU ] = GGU v
GuC Gee GAC GGC c
Val Gly

GUA GCA em:l - GGA A
GUG - GCG - GAG GGG G

Which of the Following sequences of
nucleotides are possible in the template
strand of DNA that would code For the

polypeptide sequence Phe-Leu-lle-Val?

P euyn
0952 Olaigalsgaill dy il OM il (o Tsi
SV S9gill yaoall ;>3geill by yidl § koo
Phe- aaibudl sasie Jaudaws J] 3o ol Gl 0
SLeu-

¥

lle-val

A | 5'-TTG-CTA-CAG-TAG-3’

C  3-AAA-AAT-ATA-ACA-5

[

B | 5-AUG-CTG-CAG-TAT-3'

D 3-AAA-GAA-TAA-CAA-5'

ibgll cilyalyllg aglall slalg
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% Exercise 3

what amino acid sequence will be
generated, based on the following mRNA

codon sequence?

i M duirodl yolosBl Jmlwi go Lo

Q-OLLY
NSMO

P euy %

cJWI MRNA (9395 Judans e £ « 0§ Lini]

5'-AUG-UCU-UCG-UUA-UCC-UUG-3'’

A | Met-Arg-Glu-Arg-Glu-Arg

C

Met-Ser-Leu-Ser-Leu-Ser

B | Met-Glu-Arg-Arg-Glu-Leu

% Exercise 4
According to the central dogma, what is the
intermediate molecule involved in the fFlow

of information in a cell that should go in the

D

ba—wgll £55201 99 Lo Jbwgll § Ehal Lisg
31 dalll § Ologlnall §835 § po—diall

Met-Ser-Ser-Leu-Ser-Leu

€ wuyd ¥

SELAI & V9% Ol L2

Exercise 5

blank?

DNA — — Proteins
A | mMtDNA C | mRNA
B | rRNA D | tERNA

answer the fFollowing question.

Use this model of a eukaryotic transcript to | dlgil daduis> dS il g3gedl 130 pasiwl

JWI JIgudl e dylopy

E = exon and I = intron

UTR E111 E2 12 E3 I3 E4 UTR-3'-5'

Which components of the previous molecule

will also be Found in mRNA in the cytosol?

29isdl i GU1 Gl £65201 GligSo 9 Lo

SdiglaJl 5)Losll § MRNA § Lyl Lgale

A | 5-UTR I1 I2 I3 UTR-3’

5'-UTR E1 E2 E3 E4 UTR-3’

B | 5'-El E2 E3 E4-3'

5'-E111 E2 12 E3 I3 E4-3’

ibgll cilyalyllg aglall slalg
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L4 Exercise 6 e e

A part of an mRNA molecule with the
Following sequence is being read by a dUI Juduidb mRNA £652 oo £52 le,épx.'i
ribosome: 5'-CCG-ACG-3' (MRNA). The | .5'-CCG-ACG-3' (MRNA) :p9—wgnlyll db_wlg
Following charged transfer RNA molecules | duLil digainall Jsill RNA OLGj> ,9gili
(with their anticodons shown in the 3' to 5' Qi 050l .(5' JI 3' ol 3 douogall lgilaLibsy)
direction) are available. Two of them can | MRNA go puso JSin pgio oLl Gilbi
correctly match the mRNA so that a MV || dh.:,J..S.wQSmum

dipeptide can Form..

tRNA Anticodon Amino Acid
GGC Proline
CGU Alanine
UGC Threonine
CCG Glycine
ACG Cysteine
CGG Alanine

Which of the following anticodons in the | yaoJl § ALl BLgagNl Wilslubo On‘fsi
First tRNA to bind will complement this | dloy) pixw g3JI Jg3l JLAI Sggill Gu I

mRNA? cdyodl Gyl 132 JoSamw
A | 3-GGC-5' C | 5-UGC-3'
B | 5-GGC-3' D | 3.UGC-5'

ibgll ailudlyllg aglell slualgl
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? Exercise 7
What type of bonding is responsible For | JsSb Jle blasll e Jgg—mall bulyill goi Lo
maintaining the shape of the tRNA molecule 3 2—o9all JLill sg9gill Gu ll Yol 552
shown in the figure? < JSil

A | ionic bonding between phosphates Olawgall L";g;fzﬂ bolydl | A

hydrogen bonding between base pairs elgsll a|9_ji on duinzgyugll daulyl

van der Waals interactions beween . .
C or2gygll b3 Gw JB s b olelas | C
hydrogen atoms

D | peptide bonding between amino acids diigodl yolos3l (o dysgdl dulyJl | D

L4 Exercise 8 Aoy ¥
(ERNA) Jlal s9gill gu Yl ydoall JSidl Jioy
Q) dbuyig g Guel paes Je Y=y s3I
093951 g0 Lo (i3l Juaind (Il 030
vl 1ig) MRNA MWu> jgo) e dg=>g0Jl
S Guol

The figure represents tRNA that recognizes
and binds a particular amino acid (in this
instance, phenylalanine). Which codon on

the mRNA strand codes For this amino acid?

A | 5-UGG-3’ C | 5'-GUA-3'

B | 3'-GUG-5' D | 5-uUC-3’

ibgll cilyalyllg aglall slalg 127
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? Exercise 9
Which of the following types of mutation, N ;
Gga Jl g395 QI dWl ©lyabll glgil oo sl
resulting in an error in the mRNA just after | _ 7 L
6yl AUG (§ doyill £29 asu mRNA § b
the AUG start of translation, is likely to have ) . ; N
, | Je byghs yisBI 5L g o9% ol a2pell oo
the most serious effect on the polypeptide
Sawiall Sanie ke
product?
A | adeletion of a codon 09395 V3> | A
B | a deletion of two nucleotides OladgdSeudl cpo il B3> | B
a substitution of the third nucleotide in
C ACC ygdgS § dWl wlagdSqudl Jlawiwl | €
an ACC codon .
a substitution of the first nucleotide of a N
D GGG (9398 JuigulSou Jol Jlawwl | D
GGG codon
L4 Exercise 10 | OTERY] ®

Rank the Following one-base point mutations with respect to their likelihood of affecting
the structure of the corresponding polypeptide (From most likely to least likely).
iy Joull duiay e I.m,.ub dlaisl Gl Load 6aslgll dawlwdl dbaidl Ol3 W Olyabll L)
(Blaisl J831 J] 2231 ¢0) Jaliall
1. insertion mutation deep within an intron
2. substitution mutation at the third position of a codon in an exon
3. substitution mutation at the second position of a codon in an exon
4. deletion mutation within the First exon of the gen
intron J=15 disoc 6)8b Jso1 .1
ogws3l 3 09395 (o W guogall ,3 Jlawiwl 6)8b .2
oowSHl § 09395 0o JWI @ibgall § Jlawiul 8ydb .3
sl 9o Jg3l ggmsl U315 Bis 6yab .4

A 1234 C 2143

B | 4321 D | 3142

ibgll ailudlyllg aglell slualgl
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L4 Exercise 11 | FEYERY) L4

Which one of the Following structures, if L .
Qo ¢ 63gdao CUls 13] ., dJWI Jsgll (o (sl

Sdos)ydl £ dale

missing, would usually prevent translation

From starting?

A | exon C  AUG codon
B 5'cap D | poly-Atail

L4 Exercise 12 P cuy L4
Which component is not directly involved in . L .

Sdooyill § 6l JS52 3 A (H9Sall g2 Lo

translation? - i
A | GTP C | ERNA
B | DNA D Ribosomes

ibgll cilyalyllg aglall slalg
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i! Regulation of Gene Expression juall jueill auhii i
€ Gull mill pabsis ol 131el
0Bgiyl h9g o - puialiswe it § E. coli by yghu i owdgill @yl
@lbllg 3lgall Je blasl lgiliys pubaisy diindl ©lyaill O i -
Precursor Genes that . e . -
encode enzymes A A S ¢ g A (BIAS s ‘_,s pEE SR e aliss
et 1 2,and 3 ¢ (Al mx hk.r.ai) ,\......n Ay e.. o Ay bl e.u (a) ‘;,\’au _,a Al
inhibition @i gl aan S Al clal) go ppadl) add (b) 5 ¢ An el Al
m trpD J trpE Qu:@:‘ ejﬁ Ll z«.‘d_}k :\g\g&ﬂ ¢ Jhsall ‘.,5 QLN'}&')J &&ﬂ‘
A, ] O gl trpA 5 trpB Sl S fy ¢ 1w 8 O B G S
Requiation s o 0 ot 0 i 8 i)y ) 3 p3) 0 0 0
of gene i ¢
expression Al ) e = gl (el
@ an Regulation of a metabolic pathway. In the pathway for
Q tryptophan synthesis, an abundance of tryptophan can both (a)
O. inhibit the activity of the first enzyme in the pathway (feedback
m @ inhibition), a rapid response, and (b) repress expression of the
w genes encoding all subunits of the enzymes in the pathway, a
longer-term response. Genes trpE and trpD encode the two
- O. o subunits of enzyme 1, and genes trpB and trpA encode the two
subunits of enzyme 3. (The genes were named before the order
Tryptophan in which they functioned in the pathway was determined.) The
(a) Regulation of enzyme (b) Regulation of enzyme
activity production symbol — stands for inhibition
LSl ;6 awwlwill a1l - (Operon Model) ygugill 23gai W
Aolg Bl a2 glido dbulgs 8o gad Sl ey wluall (o degomo 0998 e
09098l wligso
Bl @u33] bld)l @990 :((Promoter) joall o
(Repressor) golall ¢uigyll bli)l 2990 :(Operator) Jidll o
Wloy 3Rl guiuad (e dlgguuall wliaadl:(Structural Genes) digaidl Oliull o
trp operon
DNA ! trp promoter A

Promoter Regulatory gene

Genes of operon

ST wABI

trp operator
l Start codon  Stop codon
3
MRNA /
" [ [ |
. W 0D
hoten a repressor e

(a) Tryptophan absent, repressor inactive, operon on. RNA polymerase attaches to the DNA at the
operon’s promoter and transcribes the operon’s genes. Enzymes for tryptophan synthesis are made.

Polypeptide subunits
that make up enzymes
for tryptophan synthesis
(see previous figure)

ibgll cilualylig
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xtilzimm//,

- P —
Q—Tryptophan

(corepressor)
(b) Tryptophan present, repressor active, operon off. As

Active trp
repressor

tryptophan accumulates, it inhibits its own production by activating
the repressor protein, which binds to the operator, blocking
transcription. Enzymes for tryptophan synthesis are not made.

Regulatory

gene
DNA !

lac promoter
A

Y Jac operator
/

RNA
polymerase

I,
mRNAS,%'l—y3
>

Active /ac
repressor

Protein

switches off the operon by binding to the operator. The
enzymes for using lactose are not made.

(a) Lactose absent, repressor active, operon off. The /ac
repressor is innately active, and in the absence of lactose it

2old WgS, L 29gi0 Juswiaidl  bini gold)l « wile ;9iSWI
pods 8 50:SMI 59=>9 pac Al (a9 « S)Jn.é‘JL; Un s 3955 WI
Slayzi] guai V . J2uinally blo)Vl JM o 09Vl Jus i Blal

eiSWI

Q-OLLY
NSMO
a5y il & oLgu il ebsis s b Jlio o

(E. coli) duiglgsall

LSyl bl il § oLgindl podi 13] o
lg=sioi a3l Hluall

o LSl @8gii 699y oLOginyill 329 13] @
D)ylgall oo™ cusil dewuold

OWYl e

Feedback) de sy Jl i el by uis e

el oS wleyjidl byds (Inhibition

Transcription) gl ggiuwo e pubaidl o
oluall Wloyii| gauad Vlay| :(Level

:Olg o3l po plwml) ylegd

Repressible ) cusll alilall aligugill i -
(trp) glagiupll ygugi :Jlie - (Operons
{oBguill giuny) Jobo 8l -
SMI) 9Bl o diSLS duaS 3929 Jie CuSS -
) (Corepressor - @.ul.wi CuSAS Josu

Inducible) 8ja1a ol ciligpigill .u -
(lac) jgisll (ygpugi :Jlio - (Operons

(oW1 quas Oloyjil guay ¥) Jhso 85l -

dl Je=in 3N joisil 329 dic joo] -
(Inducer - ;8>S Josug [Allolactose jgis3gll

ibgll cilyalyllg aglall slalg



4
eets.. Ler0ee 5 9-O-uL
Al il ayljg 290
Ministry of Education Mawhiba
lac operon
r - '

RNA polymerase

l 3'
mRNA /’
5 l mRNA 5’

Start codon  Stop codon

roer P — R
\ \ : '

Inactive lac
Allolactose ° L) Enzymes for using lactose

(inducer)

(b) Lactose present, repressor inactive, operon on. Allolactose, an isomer of lactose, binds to the
repressor, inactivating it and “derepressing” the operon. The inactive repressor cannot bind to the
operator, and so the genes of the /ac operon are transcribed, and the enzymes for using lactose are made.

by « 565SMI oo ye950 o9 « Allolactose . Jows Jswinodl ¢ boisi jut golddl 3990 ;9iSWI
pi g « Jeiedb bli)VI il e golaol) Soy V .09Vl " Judasi Ji50" 9 thaa « &olally
-39S W plaziwl Sloysi| gaiai pizg « 59iSMI U9 9l Slix> G

(Positive Regulation) wagall auhaiill 1

59551 o9l Je j9Salal 3l : o
CAMP ¢552 11555 3135 Ldasio joSelall g%y Losie
dbuiniad (CRP) buirio prigyu CAMP by

O ligzJl s Jamo 3309 gl pu3il byl 348 el buiiall CRP by

lac promoter
DNA lac promoter lac operator
lac operator M
DNA
— \Y
N/ ‘ 4
CRP-binding site RNA CRP-binding site
polymerase
@ Active bDinds and RNA polymerase
CAMP \ a CcRp transcribes less likely to bind
/ ) Inactive /ac Icn;;tlve Inactive lac
|Cn§;tlve repressor repressor
Allolactose
(a) Lactose present, glucose scarce (cAMP level high): . i
abundant /lac mRNA synthesized. If glucose is scarce, the (b) Lactose present, g.l ucose present (CAMP level low): Ilt.tle
high level of cAMP activates CRP, which binds to the promoter lac mRNA synthesized. When glucose is present, CAMP is
and increases RNA polymerase binding there. The /ac operon scarce, and CRP is unable to stimulate transcription at a
produces large amounts of mRNA coding for the enzymes that significant rate, even though no repressor is bound.
the cell needs for use of lactose.
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(Eukaryotes) sgill ciliuén ,a Liall jueill ahii ¥

:63asi0 Jolpo e Gasug 13uiss yisi -

(Chromatin Structure) ¢uilog Sl cus)i pulsis |

(Transcription Initiation) Zuull e pulais &
.RNA (RNA Processing) d>Jleo .V
.MRNA (MRNA Degradation) JI )l 8wl .€

(Translation) das,il .0

(Protein Processing) ¢uig !l dallse
LI 83 2% WBglall § Jbolail Guzdl yusillg LI julad (i 80g)l -

N
M}A
Mawhiba
Signal
7
—
Gene available for transcription
RNA \
Exon i
ANNNY varccrn
Intron
\ 4 Tail
CM in nucleus
Transport to
| NUCLEUS cytoplasm
CYTOPLASM '

" mRNA in cytoplasm
—
of mRNA ,

A\ G o
N\ D
\,’— -~
tide
in

- 03000000 Polypep
Protein processing
ive proteil

A
@
of protein
° K Transport to .cellular
%950 destination
%0
o

*
"’
0.% o «° \
%P Celular function

activity or structural
support)

Wl (e (A (Rl el Ja 5o
el 128 8 31 g3 Adda LMAY A
Ll oyl s ¢
Jead el b lpadas o ) clilesd)
Aadiegalle g Mo ds pe
RNA = & 5 / sl DNA = &)
Sl B B (Offg = ol ¢
LSl 2 e ) e el Jualk 521
& ol 2y aSasll Aa b o) g3} A
22 g A sl pasall Aalae S5
ally ) Al gl i b3 ga g
O Sl e s 5 sl ciliia allia
Dy g gl 8 Jand ) pSatl) i
Aaa
Stages in gene expression that
can be regulated in eukaryotic
cells. In this diagram, the colored
boxes indicate the processes most
often regulated; each color
indicates the type of molecule
that is affected (blue = DNA,
red/orange = RNA, purple =
protein). The nuclear envelope
separating transcription from
translation in eukaryotic cells
offers an opportunity for post-
transcriptional control in the form
of RNA processing that is absent
in prokaryotes. In addition,
eukaryotes have a greater variety
of control mechanisms operating

- before transcription and after

translation.
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L4 Exercise 1
Which of the Following conditions is most
likely to cause the lactose operon to be

transcribed?

QoL
NSMO
TBLY
[NEYERY) %

& i 9l 220l o dW AL o i
)9S W1 9g gl s

There is more glucose in the cell than

lactose

5ol o yisT sl & jeSolm azgy | A

B | Thereis glucose but no lactose in the cell.

Al § jgisd 329 3 )Sg jgSolz a2g2 | B

The cyclic AMP and lactose levels are

Loo)Sg sy92J1 joissUl AMP ©ligi o

Suppose an experimenter becomes
proficient with a technique that allows her
to move DNA sequences within 2a
prokaryotic genome. If a researcher moves
the operator to the Far end of the operon,
past the transacetylase (/5cA) gene, which of
the following processes would likely occur

when the cell is exposed to lactose?

C C
both high within the cell. ddsdl 31 gleaiye
The cAMP level is high and the lactose oWl sgiwmog gaiyo CAMP (593 o

D D
level is low. BgT-Y-L NV

L4 Exercise 2 P )i %

ol dyy2ill pois Gl dallall of g il
DNA Jsud i ey 3o Lg) pro—uwi daidiiy 6y lo
JHii Eoll el 13] .6lgl dislag pgiaz J513
Dolaxio « 9932981 o sl Gybll J] Jsrsinoll
Ollosll (o §i « transacetylase (/acA) oa=
08y Lodsie G1aad gl Joiznall ¢po dLlI

59iS W dalJl

The inducer will no longer bind to the
A
repressor.

2edlb o3l sy buly o poyall | A

The repressor will no longer bind to the

operator.

Joiall 1B3lo 32y o) polill | B

C | The operon will never be transcribed.

09x98l i pin o) | €

The genes of the /acoperon will be

transcribed continuously.

oo JSiy /acoperon wliy> 2uw piaw | D
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% Exercise 3

Muscle cells differ from nerve cells mainly

because they:

Lo Lwi duuostl LASJI o O] LS Gliss

A | express different genes.

dalise wlyz ge ju=ill | A

B | contain different genes.

dolize Olu> e goi23 | B

C | usedifferent genetic codes.

dalise diilyg joo) plasiwl | C

D | have unique ribosomes.

6309 Wlogwgnly lgd | D
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" DNA Tools and Biotechnology diguall Linglgisillg DNA cilgai i

oWl yo=dl legasd complementary dloSo dib bl ob Blyicdl 13,3559 DNA £652 Sy Slas| aud
028 90 Wlidill 030 zlise ogdl 2gloul Eumull § dossiuuall 5)38] Wludidlg DNA Juubii ygas l<>l,oi
Jwl s ] 5995 pae> po 3=lg by swluwdl o183l gag nucleic acid hybridization sggill yaesll
5 599l el Jouluws & s Yol aniw il 1o § wblise S9gi paas £652 oo bus Je Juass
)bl dalleall o9 .genetic engineering dislygll duwaigll § dossiuo dago Sy @)b S
dilac polyed wlyl

DNA Sequencing :DNA (i 3

J—ud i 39asu) complementary base pairing duuoSi| aclgsll 4381 Tawe JMsi_uwl oxioll ooy @
.DNA sequencing DNA Juduwd Gawd ddac 29 .DNA e5j2) JolSI Olaggudsgull

sty Jo¥l J¥1 elyzl a8 Joulwill iy piy £52 JS @ Fragments climl J| DNA gubaai dgl @iy
chain termination & _wl_wll &gl J—wl wi (dideoxy gi) dideoxyribonucleotide o3 duiss
.sequencing

oo dlslaie degose cuSyd template Cdlis DNA go €52 go Aolg bus plasiwl iy dyiddl odo § @
elle Jos . Jwd il Je Jgasll ellis gllsi i (complementary Fragments duliasill cl323]
plasiwl e Jly 3 .dsy yhll 030 yghil 1980 ple § Jugi 635l eyl ¢hyag,d digasl elousl
o §lbs e daig )l Jubwill &ilbg § Dideoxy Judus

"next-generation sequencing L;LLII Jadl Jouds" ©liss gl @i idudlall 6yae (ol Wlginll 3 °
cliz3l o Jilo dac zLig DNA ghd (copied g wi) amplified aus il piy Sy E)_mi 0ss3 @JI
identical dsyUaiall

SraSSdl bl elin @oyg fragment dehd JS go gamo by & immobilizeda o oy @

oo duig I3l dudlyall 6}3_?T 5 louS duids (80l byo JS § 3=lg auigulSous .complementary strand
gl Julwill déy yhall 030 Lo wi |3Sag (Jeall Cdgll § dSLoaall doy)¥l OlabgulSeul| 3y

.sequencing by synthesis
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parallel sjlsilly . igalSesi 300 Jls> lgio JS Jsb gl lgie JS @bl o O¥3I wlio of OAT Cugiyi oty @
& dlul_wiall OlagiglSeul) gaiyall Jamall Jias Lo gog «&1lull JSidl § dosgall ells Jio il §
deludl

el Sy Olwlysl) Jasall Vol W gog "di> gl dile" DNA technology DNA dyss Je Jbo lio o
JolS poiz Jiai Gl 63930)l cliz¥l o degamo G - DNA Oliue oo dlilo slacel cag)s

DNA £552 Jul i @i ell3 o 32y .days s ol clial JI DNA gubii oy 3 6303201 @ybll pasy § o
duwss clali oo 135 Jigh 35lg

elwo jc DNA £532> o0 13519 Wy i &Jy=i techniques wliss wlegosw 6ac developed wygh - @
8juonll day Il 533 gli 8aslg aclgsll Sasd el e § (nanopore sgil i) 13> 6 o
JlyeS )l 6acld JS lgy ghaas Gldistinct

dyioj 514l interrupts the electrical current JlyeSIl )il ghdy aclgall glgil o go5 JS of Lo 6)Sall o

jlg=2Jl 130 1ggwll § nanopore sequencer dgilil Lgatll g3 Joulwill jlg> Jsl 25b 0352015 0lc § @
Jal=dg 2320 buiyall eyl auwn USB Jdie yie yigues jlgu J—aiig Sue o sgl=> dabd ey
1898 JSuin Janduuiidl|

daw ¥ dim>glgud| dliw¥l G LiSiuw! LIS (ro liloy @JI déy yall diwuswal| DNA Juudans OLuss e 28] @
Bl Jasi Sy yohill Jg=

seb) Ll § 8)08 Joudowl| dyiisd @)yl @yl 1o &asl @S Joo 2jall plaitiuw Juodll 130 § o
il pgiunllg glgs¥l
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Research Method Sequencing by Synthesis: Next-Generation Sequencing

Application In current next-generation sequencing techniques, each

fragment is about 300 nucleotides long; by sequencing the fragments in

© Genomic DNA is fragmented, and parallel, about 2 billion nucleotides can be sequenced in 24 hours.
fragments of 300 base pairs are Technique See numbered steps and diagrams.

\N= // selected.

© Each fragment is isolated with a
bead in a droplet of aqueous
solution.

Results Each of the 2,000,000 wells in the multiwell plate, which holds
a different fragment, yields a different sequence. The results for one frag-
ment are shown below as a “flow-gram.” The sequences of the entire
set of fragments are analyzed using computer software, which “stitches”
them together into a whole sequence—here, an entire genome.

© The fragment is copied over and over by a g . . A
: technique called PCR (to be described later). E =T
All the 5 ends of one strand are specifically g G
“captured” by the bead. Eventually, 106 e 3 Oic I ITCTGCGAA
identical copies of the same single strand, 8
which will be used as a template strand, are § 2
attached to the bead. =
s 1
© The bead is placed into a small well along with L

DNA polymerases and primers that can hybridize

to the 3’ end of the single (template) strand. ) .
INTERPRET THE DATA > If the template strand has two or more identical

nucleotides in a row, their complementary nucleotides will be added one after
the other in the same flow step. How are two or more of the same nucleotide
(in a row) detected in the flow-gram? (See sample on the right.) Write out
the sequence of the first 25 nucleotides in the flow-gram above, starting from
the left. (ignore the very short lines.)

e The well is one of 2 million on a multiwell plate, each containing a different DNA
fragment to be sequenced. A solution of one of the four nucleotides required for
DNA synthesis (deoxynucleoside triphosphates, or dNTPs) is added to all wells and
then washed off. This is done sequentially for all four nucleotides: dATP, dTTP,
dGTP, and then dCTP. The entire process is then repeated.

DNA
polymerase

© In each well, if the next base on the @ The nucleotide is washed off © The process of adding and washing off the four
template strand (T in this example) is and a different nucleotide (dTTP, nucleotides is repeated until every fragment has a
complementary to the added here) is added. If the nucleotide complete complementary strand. The pattern of
nucleotide (A, here), the nucleotide is not complementary to the flashes reveals the sequence of the original fragment
is joined to the growing strand, next template base (G, here), it in each well.
releasing PP;, which causes a flash of is not joined to the strand and
light that is recorded. there is no flash.
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345 QI 0F8 plasiunly deyuy saeld zgj 1++-A- J] dlgb Juoy gumiiune]l DNA (0 cj> §T § OlaigulSeuill Jrdd 39355 Sy Gasbil|
Jobll cuns déianll Jeladl Olovio Juodig dwlwio Odleles
—GwS9 (539 @Y 3ol Yuaiy by Js T .J—o8l DNA ¢;2J dloSall DNA bgis (1o degamo gromi diyybll 0do pgis rdaidill
2990 29 degano ] yiidy di¥ oliell DNA by, clgil J| dINTPzos 5381 Jaso 3gulSeu 999 « (AANTP) Olawwgall M 3igalSe.s
go dhail elli zie g bossy o8l Juluill Jsb Je AsulSos gubge JS Jstad et « diSyall bessll degaze § aldl olssigulSasll by
bgusll dilgill OlayigdSgull digo 3033 (Seu + 8juonll Cuw)glall deilsy dANTP &lg_'\i 00 €98 JS juad ey i¥ 560 . JueSHIdINTP
JolIL o3l Jubwid| dolgill 3 + 830321
APPLICATION The sequence of nucleotides in any cloned DNA fragment of up to 800-1,000 base pairs in length can be
determined rapidly with machines that carry out sequencing reactions and separate the labeled reaction products by length.
TECHNIQUE: This method synthesizes a set of DNA strands complementary to the original DNA fragment.
Each strand starts with the same primer and ends with a dideoxyribonucleotide (ddNTP), a modified nu-cleotide.
Incorporation of a ddNTP terminates a growing DNA strand because it lacks a 3'-OH group.

the site for attachment of the next nucleotide (see Figure 16.14). In the set of strands synthesized, each nu-cleotide position
along the original sequence is represented by strands ending at that point with the complementary ddNTP. Because each
type of ddNTP is tagged with a distinct Fluorescent label, the identity of the ending nucleotides of the new strands, and

ultimately the entire original sequence, can be determined.

NI P Al 2t 2
o ‘:5”’]‘ b o0 Aaple yuis 4 © The fragment of DNA to be sequenced is

(S Aumat sty sy e lags Jalula  denatured into single strands and incubated ([::: tate strand) ane;. Decxyribonucieotices ([;Ld;?eznmnideoud)es
cal s gy s '" s | | _,J in a test tube with the necessary ingredients , P g' Y
6‘]'“', L Sl &o sl for DNA synthesis: a primer designed to Sgc T JATP -
52018 ) 5Y anice sugal sl paeall base-pair with the known 3’ end of the -1 14,
3l Lo - P s okl template strand, DNA polymerase, the four -G 5 m ddcTP
sl s B e deoxyribonucleotides, and the four A
7‘-‘-‘\)‘ <DNA polymerase dideoxyribonucleotides, each tagged with :$ DNA AL adTTP
R &d'e ribonucleotides a specific fluorescent molecule LT polyntrase m -
OXY -C )
& « 3 ¥ dideoxyribonucleotides £ (I l l
_.nullcu....)_,mlcé}_,__\',yy@ ,_g % ®'®'®'”
A OH H
B . : v \ I/
3 U I 133 GuaS ‘*.'j @ Synthesis of each new strand DNA (template
J_-u\ A a g s sl starts at the 3" end of the primer \ Sm-c strand) ddc 43
. : A i and continues until a dideoxy- - A
&2 «dideoxyribonucleotide ribonucleotide is inserted, at LG id - C
1 Ll ¢ S e Ya | ot random, instead of the normal A T~ T
N - = & R ‘5‘)‘? equivalent deoxyribonucleotide I-C G G G
2 34ll axes 136 deoxyribonucleotide This prevents further elongation "; ﬁ N 2'
| deall 3 alasl alla) - of the strand. Eventually, a set of B .
el ate o i-:"-&-‘-‘ ,,..—' S vy labeled strands of vanious lengths _g adc - ME’ :I (C, G E‘ E’ (z E’ E’
¢ daha ol )Y ola dosaall e do sean is generated, with the color of the A T B ERE CT_ T T T T T
3 2l W o-d, ., tag representing the last nucleotide -C G- G- G- G G G G G G-
N e Ll L B tosiopiivl C5 1 151591 94 94 4 94 1A
Jaalugll A T T4 T4 T4 T4 T T T T-45
Shortest Longest
S op Bdall B dxdall b gl Josd 35 @) The labeled strands in the mixture are Direction
. 5 \(} separated by passage through a polyacryl- of movement S L labeled strand
s -t Longest lal stran
~ ‘polvacrvlamlde gel S A amide gel, with shorter strands moving of strands 9

ol J‘S‘ LEPWIIP - .)“‘s‘ -LJ,E“ through more quickly. For DNA sequencing,

>
5 o) f s 0ol s the gel is formed in a capillary tube rather
i g ak "l‘] - #2 < DNA than a slab like that shown in Figure 20.9, The Detector

\—\yﬁ-l _)9'...:.“ P—-J'\ ,ﬁ.c_yl o small sze of the tube allows a fluorescence

Ao 1€ o dl st sl el detector to sense the color of each fluorescent - = -
) JS o J R R .o tag as the strands come through, Strands
L elBa e dagall ."Ji Lexio 45,58 differing in length by as ittle as one nucleotide  Laser =~
D\ th'" & aleas ) :".9“""“ s can be distingusshed from each other. Shortest labeled strand
- & & z ~

Last nucleotide

el Lpzaas p dal g 280 g (Jle Jilia of longest

labeled strand G i
N < n . -~ . 23 .
:JS ‘510 x—j_,uh-" Al lJ.’l ® -%"'J, RESULTS The color of the fluorescent tag on each ? \
g i S strand indicates the identity of the nudeotide at its =
gl B a8lConll aon ) " y of Seotide T
Bl Ot - e e
il Ll JC8 & ol sl K end. The results can be printed out as a spectro- G
g & E"i‘n" aek P gram, and the sequence, which is complementary A
Al ¢ o tabal s 8 S ae - he then be read f bot
JaCall ¢ Jualistll sg) 8 2 )ﬁm], ¢ o the template strand, can then be read from bot- Last nucleotide A
( SV Lows 1\) ] %l e Y3l L. tom (shortest strand) to !oplo«f;eﬂ strand). (Notice of shortest G
s B - that the sequence here begins after the primer.) labeled strand C
) (P k) (Y Y )
(&) A= [

(gl = gl Qs
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5 AT GTA §5=—A TCGGTA
3 . G .
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— C
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AT DNA (1o d2hi gl (rall (o 8330i0 Awi Jac W
making multiple Copies of a Gene or other DNA Segment: 3
s sy dalgy wlius degaso gl lino Uy (wyau sl molecular biologist dyij=Jl cliodl @lle

.genes liuzdl BT & 97 Olio Jozy Lo 83le §3,8)l e552lg 3> dugb DNA wlyj>

gyl digSall wLiumll .eukaryotic genomes 6lgill dygis> Glogius oo Juasll § el e 8gdle

6o yue OlawigudSou Juwdw e 6)le @Lx“g ,L"J.og.wgaog)ﬂl DNA (yo b9 810 diwi occupy Jimd

& ol Jaa)
Bacterium e300 Cell containing gene
(Eheiinn) 1) of interest
© Gene inserted
(\ into plasmid
N - a cloning vector)
Bacterial Plasmtd
chromosome
Gene o(
R binant interest
ecombinant
DNA (plasmid) DNA of
chromosome
a3l wng © Plasmid (“foreign” DNA)
m, H putinto
- & bacterial
A4Sl cell

Recombinant
bacterium

o)
Clle)
gl (B sl 443 G
Oa ledial JL0 250
ol (e g al A LAY

€ Host cell grown in culture
to form a done of cells
containing the "cloned”
gene of interest

Asanfl o3 " EaaTival"
Gene of .
interest O
08 Protein expressed
- from gene of interest
J %%
Copies of gene \<' o Protein harvested
=

© Basic research
and various
applications
i) Siasl)

Human growth hormone
treats stunted growth

Gene for pest resistance
inserted into plants

o U

Gene used to alter bacteria
for cleaning up toxic waste

Protein dissolves blood clots
in heart attack therapy

g ) Lt
R el A (LT et \“ haladi)
Jacisal) ,:Lun i) 138 B
e Bl s ¢ ilal) Flasay
A e Jea (A g ma)
> OIS 0 o 0 (RS
L3 sal g 2 e ol AT
‘:,Jg.dl Sl Ga 3.\;\‘9 aé..u‘J
¢ JS—U\ Cm é}lﬂ\ ;}9.“ ‘-’5
sand) Jadiien 20651 90 gal 081
Lagha €
Gene cloning and some
uses of cloned genes. In

this simplified diagram of
gene cloning, we start
with a plasmid (originally
isolated from a bacterial
cell) and a gene of
interest from another
organism. Only one
plasmid and one copy of
the gene of interest are
shown at the top of the
figure, but the starting
materials would include
many of each.

.noncoding

)9b dsmoe ©liuz go 6y blio Jo=ll
1342 8335w adlyi slacy Byb clalsll
29 B32s50 diylnio g § DNA ¢o
.DNA cloning DNA 2luiiw! ouwd ddac
oo &b cloning glwiiwl Gyb pbhso
dole Glow § Yy il jisall § DNA
plasiuwl Lo deflill bl asl dyso
.Escherichia coli 4655 Lo Bleg /bS]
circular él> e e soimd @Jlg
DNA (o juS

2=l £ coli ggind welld J] dSLusgl
olageit Je Ludyl 53381 LSl go
oo dpe o didl> wlj> o9 plasmids
Jodio JS_iy Lgs wi ey DNA
.replicated separately

J8 sae Je plasmid a0 jdl sgi
d3abo Wliusdl 0de (655 38 .Wliusdl (o
digmo dity Bgyb § Lyl 0o Lose
& Sl gl lall dygline 9% 3 28 lgig
g bl plaso

oo Juo¥l § Jgjme) 34053 Je ol gimldl Juasy LSyl plasiwly DNA go ghd clone gluiwil
(ISl § LaS) ad ("cagye" DNA) 43T 300 o DNA Jos)g (Jledll gl g J3nsbg d iy dyls
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Je sy €552 999 .recombinant DNA molecule dusyi sleo DNA e5j2 31 23l auojdull a_oi o
dal> J] 3aojMl sled o different species glaliso plegi 9% bo Wleg iopmalisve (1) —oo o DNA
.recombinant bacterium lgus)i sleo LS adag ) yuiss

clone of cells LW B Luisiw! JSid 6))Siall diglsdl caloLwaidl JUs oo 83580)l dilll 0do j5lSi5 @
.genetically identical cells 5]y diylbiall LA o degazo 29

replicate the recombinant plasmid duSys sleoll suejMll caclualy pgds dowsioll b iyl o33k e
i gl ol.cgll Guss § dlomi Wl sl w2l DNA cloned gluwiiwl ok ao3las] Jl oy iy
gene cloning wliaaJl 2 luiiiwl ouy DNA 2luiiwl o g9i 99 A>lg gaz o 8330

)| DNA J45 diSoy DNA ¢53> 929 «cloning vector glwiiwM JSUS 3po il Josy (JSill 3 o
Yo loy)STg dauaall ddsdl | Foreign

cloning vectors glLuiiwl ©MLS 2 wlg §lai e Bacterial plasmids dy Sl Olago Ml pasiws o
recombinant lguS)i dleo Olawejdb (oS Llgy waeMillg «dlgg—uwu Lgde Jg—adl (San :obwl 832
A Sl dll § dlgguu S| @ (rog )iz Al Lguil § wuye DNA Jos] 81yb e plasmids

2Wls amplify deusuds gl (e a2 oo 8303 g Jac iommwbnl o)) 134h0 Olyll gluiunl 32y o
Gl ISl § oS dio Gudgy aiio

lgolasiwd bl oo isolate copies of a cloned gene auwiiwmall gazll go guwd Jje puioll oSy @
w8l doglio Jio .metabolic capability 83312 duMauwl 8)28 151 > BIlS adol ol duwlwdl &ilsu¥l K
.pest resistance

dl dlsig Juolall glgil a5l § 39290l resistance gene doglaall iz ¢luiiul oSay Jlall Jaaw Je
(GMQT .genetically modified ilyg dlasall dixl OS] 0l o) ,31 g9 oo Wlls

£2130 00 808 Oy gyl gaill o90)0 Jio sdpbll Glolaiwdl 63 prigyll arezs oSey Lusyl o
.cloned gene for the protein ¢uigyull guiimall guzll Joazi GJI b sl

b ausiai Je 5)adll ol .dylsdl § DNA Jloz] o 132 pa 6 £52 9w pu) Oluzll sl (Y l5ks e
13519 Gaz ousity i ¥ dyaodl @l yol 030 6)30JI DNA
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:awS}i aleall DNA awojil gisal auaill cilagjil aladiwl @
using restriction enzymes to make a recombinant DNA Plasmid: 3

plaxiwl Je ple JSin genetic engineering diilygll duwaigllyg Gene cloning wliyaJl lwisw| Joisy @
8332wl @8lgall (o 3930 dac § cut DNA wliyj=> ahid (U1 Glay syl

phages vl Ll 97 dill OB o gyl DNA ghd @b oo dy Sl ddsdl apsill Olagji] osd e
dalizall restriction enzymes 3uéil Glayjil go Wliell Jjeg 2325 @i ()28l

Maﬂg.o9|umo)u09 DNA Juubid e Gyois Cu> ( very specific dilell jounsio sudi ail JS @
132 restriction site audill @890 J515 833500 blai § DNA bois (o JS ghdg

w03 3 Foreign u e DNA ¢j= clone glwiiwd audill Wleyji| plasiuwl diays a) JWI il (uogy @

dule Oyoiy 3oy 2ubi @9g0 e sgioy s3I bacterial plasmid (S 3uojd A=) Solall cj=d1 § @
most éybLite s pdill 28lge plhse oS JLkll 130 § abdg0 90 LaS E. COli. (o (o b o]
restriction sites are symmetrical.

' Fo0 olxdl § diel)S sie glgaI WS e dudi 9o WlsuTgulSeuill Juudud ol G [dog- e

dilad JI dsyyl Je sgizd Gl oMl uwidl e Egai ¥l restriction enzymes ausill Oloyji] Gy o
lagislSaull oo zlgjl

il a3l 018 < Jagh DNA £652 & o 63c (@ all Giyb o) 83l &amy yuad Julus sl ¥ 5ks o
0o degomo dic iy lao 132 DNA cuts in such a DNA molecule ¢s32> § ghdll o 232l &aouw
restriction fragments. aysdl gk

dé) yloy DNA loy i @ Olawgall jSuu) dhulull cleave @uis Gl o useful 82518 isYl sl Ologji]l- @
JSidl § puoge 9o LS staggered manner dls o

sticky end.dsoM| dlgil Lows  J8YI e 835lg dilgi lg) dailill dogajell susill clii o

aclgsll oo 2lojl go duinzg)aus bulg) short extensions 8y —adll lslaiedl odoe JS i ol ooy ©
el puiiy deghio )31 DNA wligzz sl Je dzj) ollgl dlosall

s3I DNA ligase @yyb e dolls lgles ¢Say Sg bdd didgo day sl 0dgy digSiall Glbli)ydl i o
DNA.by b § Wlawgallg ySull dlulw @l GJI covalent bonds drasbudl bulg I (1gST 3oy

o)A ae poligase-catalyzed jladlly jamoll DNA by ol JS il o Jawll il § 55 of cliSoy
recombinant dusyi Sleo 3u0jdl » JUkll 130 § i uwo g duSyS sleo DNA cj= aily cublise

plasmid.

 déasedl LI @ Olyo 82c lgswd 3w recombinant plasmids lgus)i dleall OlawojMl oo Géill | e

DNA (0 cpisbd L88gi0 « sl el puid plasiwl )31 dre Olaiiall pad ol pgiy A8
J338JI DNA o0 y338lg 3uo Ml ooy looas] .expecting two DNA fragments
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oMoyl Gewd duids ogio Wl dai separate and visualize the Fragments loygaig cljo¥l Jns) o

.gel electrophoresis Mgl 3L ,g%!

€ DNA fragment from another

of sticky ends produces
various combinations.

s4as 54 DNA o £ Aila)
Sl e G G s AT
Adlas Cle gans AR

5 35
NG (AATT
[T TTAA

3 s

€) DNA ligase
seals the strands.

5

Recombinant
plasmid

source is added. Base pairing

Bacterial
plasmid
Restriction site
5 ¥y
DNA
CTTAAG!
3 t 5
© Restriction enzyme cuts . .
the sugar-phosphate Adedaad) 20301 245 el
backbones at each arrow. J8 sie Cliagilly Sall
e

Fragment from different
DNA molecule cut by the
same restriction enzyme
iliaa DNA &0 O Aakd
 J Sl a3l ekl @ gk
E- 3

[ C I ) (AATT CI
] (GENNC TTA A (C—
3 5

3 5’

One possible combination

DNA ligase (i
gl

3

¥ Recombinant DNA molecule ¥

d
D adeal DNA ligase 9 i o 33) aladdud
!Z\h@gﬁﬂ\yj}dﬁg,@j:&uDNA
Sal g dull adga 1o (ECORI (amaall) Joall
10 (2 g o Al 71950 A 000 90
Adudod) (B Adh)ata akid Jany o iy, daa U
A" il ol A i Laa ¢ Cliagill g S
Ll 3 ALA DNA kil ofay A )
¢ e Sl S a7 )55 0 Aluasll) Al
OIS 13) A5 dlan Bl i Jad ) i
ORRJ O S (e Gl B k)
2B e s D ) e ¢
(i
Using a restriction enzyme and DNA
ligase to make a recombinant DNA
plasmid. The restriction enzyme in this
example (called EcoRl) recognizes a
single six-base-pair restriction site
present in this plasmid. It makes
staggered cuts in the sugar-phosphate
backbones, producing fragments with
“sticky ends.” Foreign DNA fragments
with complementary sticky ends can
base-pair with the plasmid ends; the
ligated product is a recombinant
plasmid. (If the two plasmid sticky ends
base-pair, the original nonrecombinant
plasmid is reformed.)
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rules enzymes restriction :ausill cilayjil aclgd »

la> diouasiio Lgil-1

23331 by oSlel 332) solue ghdll sac 9Sy il DNA § -2

1+ byl oSlol dac sglwy ghdll sac JasJIDNA § -3

specific.very 1- It's

sites.binding of number the to equal is segments of number the ,DNA circular 2- In

1.+ sites binding of number the to equal is segments of number the ,DNA linear 3-In

complete digestion and Partial digestion :;sjall ghsdllg Jolsll ghsll 3

R RE RE RE RE
\a) |
[ 4 e —— J
I COMPLETE DIGEST / EcoRl
[ 1C 131 J s J
. Gene/Insert: (1200 bps)
RE RE RE RE Backbone (2870 bps) Plasmid
b) o .
l PARTIAL DIGEST
O
EcoRl
L ;|
[ |
[ ]
4 J
EcoR1 Digest M D
16 —
EcoR1
BamH1 12 S
10 —
BamH1 6 —
4 —_—
Pst3 2 =
16 KB Plasmid - " i i
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.o b - . . The PCR primers are
0% Cuag PCR Glidy paadl 3 designed so that the

Ll Jguandl a5 30 DNA ghil DNA fragments
b JS 3 (PCR Jel Al g obtained by PCR
g2 gall glgall Bilhay 00ds adga have, at each end, a
) é\...u...s'\ S 3 restriction site Cut with same
’ ~  matching the one in restriction
the cloning vector. enzyme
used on cloning
Jras oMl gl ;g AQeNE ttat vector
; S makes -t
w:"_“ '\'*"‘"S"“ LD o cterial cells ol ‘*m‘_&hé
o Agall cllaall agistant to an DB A pasil)
L4 antibiotic is ¢ lalial
present on the ‘
plasmid. Cloning vector
(bacterial plasmid)
Mix and ligate
Recombinant
DNA plasmid

e DNSAl Siaiy a8 R bi DNA plasmid
- . - ecombinant plasmids

- las T ;L‘:j;“"m u&): are add_ed to bacterial host
PR _ =& L cells, which are then treated
LB Aygall chilaade A yith antibiotic. Only cells that

o Bl gt Al LOAH take up a plasmid will survive,
e SLaall a3 Je ol due to the antibiotic
Ay ganll i slanall 3 glial) Gl resistance gene.

@& @O EX

O sslal) g 3al) 8 Aads gal) Aslasll le duaald 505 plally clind) Fladicd 3 PCR 5 4uli a3 aladicd
sdh B¢ flodind (JBU B alay ) Al 31 Cad) 5l DNA £3a iy (PCR) alddiud als ¢ Juaill) dylas ()
DNA 5 2300 WA gl 4ty #Lodiol) J3U (e 00531 88 g (ol Lgd #1501 Sl 6 558 20330 Allal)
(o ATl Casa I3l A3 o o5 Uha Ly g AuaSl) VI g O un Lgaad pg 251 pa ) (ol
5 s 53aT AN LA BB macy Ay guad) clililaall aglia Cpa e Lol a3l (g iy Ay nkull ddaall LAY
CII LAY e pLail ladal o AT A g dpedis GLIE a5 S g gaall Miaal) 3ga g die pladl: daa DL
Ay fiall 8 Cilasa )
Use of a restriction enzyme and PCR in gene cloning. In a closer look at the process
shown at the top of Figure, PCR is used to produce the DNA fragment or gene of interest
that will be ligated into a cloning vector, in this case a bacterial plasmid. The ends of the
fragments have the same restriction site as the cloning vector. The plasmid and the DNA
fragments are cut with the same restriction enzyme and combined so the sticky ends can
hybridize and be ligated together. The resulting plasmids are then introduced into
bacterial host cells. The plasmid also contains an antibiotic resistance gene that allows

only cells with a plasmid to survive when the antibiotic is present. Other genetic —

engineering techniques are used to ensure that cells with nonrecombinant plasmids can be
eliminated
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Gel Electrophoresis and Southern :jgugl_w deihg augll  Jdligsdl guayll »
Blotting

.gel electrophoresis Mgl 3Ll o=yl Je s99dl paeadl wlnjz dwlysd Gibll o 2asll Jaiid
.polysaccharide agarosejg)le3l 3wl uae Jio yoddgs o degiuow droMo 63lo dudil 0de oA
dgily g8 dimitllg el polwl Je oligigpll ol digeill polas3l Jadl Guiz sieve JsieS J=Jl Jasy
W1 JSadl) )38l dilisall pailosllg

g dolal Olawgdll wlegazo e negative charges dlw Wlisubd Josd S99l paeall wlij= o 155
oligiall joyledl ST dle @mi LgSyms clisl . (lyeS Jle § wzgall (il g2 gy Ly Laraz agild
Joblb lginy Juadig ad3l oligiall go 4isT Jgbl

o0 93832 (30 d8)3 S 955 0las J] bl DNA ©lisjo ¢y Buso Mgl 3,651 o¥oyll iy 13Sag
Jobll yuas lg) GJIDNA wlyj=

S3lg .restriction Fragment analysis suéil ghd Jul=J go duidill 0dg) Byl 83uaall O laulaill 2ol ols
.DNA sequences DNA Juluwi Jg=> Wloglso de pun y9gs

DNA ¢ ;3= restriction enzyme sudall @531 28 e d3UI DNA 2b8 Juas i Ju=ill oo goill 130 §
by gel electrophoresis pMgll (bl o=yl @iy o

wdl (po paalizve (uiyj> di)liel Restriction Fragment analysis ausidll @hd Jul=i plasiwl (Xon
de ¥e wlabgdSqull WMis| S 13] - two alleles of a gene ¢zl o ol Jlall Jow Je - sogill
oo prevent a restriction enzyme sudidl eu35 gio J| Juduwid! 130 (0 319 @uui 29) Gomsll 538w
li2g polymorphisms JKb¥l 35 oui population delosdl ¢ DNA Juudaus 3 b3l .dls ghall
restriction fragment length susill c¢j=> Jgb JMT daei oy Jwl widll juei o usell goill
(RFLP) polymorphism

laliso Bujo auiw g8gall Lo Gy S @333l plasiwl ghsll ol8 RFLP Je sgizy Jy¥l RSN ol 13]
Yal JLygSl ooyl & @ ol by il b buls JS s o8l o JS) £l32381 o

A>lg MuigulSous § mutation &yab oy sickle-cell disease dulaiall LM (o0 Gasy Jlall Juw Je

(JSid] yasl) g puid] B-globin guz § (RFLP) s Juuduwd (ous géy
(dalsiod| LMSII (6 o) yalnsiall JuJW heterozygous wliusll Jiloio e pos il oI5 13] bo a3 U.\ﬂ AY|

Jilaio gog) dilmiall LI (b y0s Glaall pazuill o JS oo DNA go pasuill 1ig) DNA 8,ile ¢)liiwd
bl LW Oyl Jileko pasing Gabiall Josl ol
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denay gguong restriction enzymesudo @il gglodall DNA _J (JbyeSIl oMoyl e i 8L U)S3 Les
S$9 JSiiw lgiw el OBl (o 132 1305 133c DNA by

Sl GleSll loygb GJI) Southern blotting ¢yiglw dab (o Gl &S wdSI day yhall 18 .3 2og
nucleic acid sggill Yol pugis el JLiyeSl ooyl pw gexi @l (Edwin Southern Ly yll
B-globin iz e shial gawdis Gl Ollas)l els Glash W aaws hybridization

by, il 63151 DNA £652 o= 8)luc 83l probe w_iSi uall oS Southern blotting ool w dsb §
o>l complementary JoSo Gpi déy )by ol 97 labeled single-stranded DNA molecule g il
030 §) Olumll Jiloio yue SL93I G258 diSoy S ab929 dlasly cly>¥l (JUI i) 2oy (Gwoll
(=ubll JIW oyl Hloio 31)93g (duliall ddzdl JoJ3 Il

daub plazsiwl lgy @5 &JI Gkl 2ol didlygll (olyo¥l dbusyall 8yakiell OWIW o8I 318! 330 2=)
.Southern blotting ¢y)3glw

Oligigydlg RNA 2o Lyl lgllosiwd dysill 03o &)ygb 2a)

lae Loud lg—waj & déyybllg Northern blot (3)gi des diddl Gowd JLygSl gl MRNA Jje sic
DNA ¢lisai 6ghs 3929 pac Jl dSLo] 551 dauogy DNA o 33y MRNA ol asviwl
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Gel Electrophoresis

ilyesll aulgll

APPLICATION Gel electrophoresis is used for separating nucleic acids
or proteins that differ in size, electrical charge, or other physical proper-
ties. DNA molecules are separated by gel electrophoresis in restriction
fragment analysis of both cloned genes (see Figure 20.10) and genomic
DNA (see Figure 20.11).

TECHNIQUE Gel electrophoresis separates macromolecules on the basis
of their rate of movement through an agarose gel in an electric field: The
distance a DNA molecule travels is inversely proportional to its length. A
mixture of DNA molecules, usually fragments produced by restriction en-
zyme digestion (cutting) or PCR amplification, is separated into bands.
Each band contains thousands of molecules of the same length.

@ Each sample, a mixture of DNA molecules, is placed in a
separate well near one end of a thin slab of agarose gel. The
gel is set into a small plastic support and immersed in an
aqueous, buffered solution in a tray with electrodes at each end.

Mixture of
DNA mol-

ecules of
different
sizes

€) When the current is turned on, the negatively charged DNA
molecules move toward the positive electrode, with shorter
molecules moving faster than longer ones. Bands are shown
here in blue, but in an actual gel, the bands would not be
visible at this time.

Longer.
molecules

Shorter
molecules

RESULTS After the current is turned off, a DNA-binding dye (ethidium
bromide) is added. This dye fluoresces pink in ultraviolet light, revealing
the separated bands to which it binds. In the gel below, the pink bands
correspond to DNA fragments of different lengths separated by elec-
trophoresis. If all the samples were initially cut with the same restriction
enzyme, then the different band patterns indicate that they came from
different sources.

St Al aleaW) Jeail aSl Sl g€ Jiadll aadiiiey 2 guadal)
atleadll o 2l el clin ) ol aaall 3 Calias 3l cilig )
Sk oo sl paell e Jod b gAY AL )
cilisall o JS) sl s Jilas 3 3l L S 3t
-l sl paaalls A

okl o 5,00 iy 3l oMl L 5gSD a W Joiy Al
o Tl 2 3 e Jlae 3 58 Y1 a3l A o LK Jona
2o Josd 28 Alsle pa Lo i g5 aaeall eis 3 Lgnday
Gk oo g8 o8 0SS e dle 5 ¢ (gl paes]l Gl e e

IS (g5a3 o sane (M« POR a5l (o) 2t a3l o
Jshall uis e il sall GYT e daja

oaaally Las 5 Anns Aila] am ¢ lall il e il
RERPISP FUP | FE RN IR - (RN S BV DEP.
Ls s A Al il ) o €l ¢ sl G 6l

anall ahad aa Gon 50l 8 al) g8l sl G2 B
d 313 e a0 A i ik Il (o550

poall Llatt s ¢ w531 aits Lol 3 sl ren

Ahde olan e wela Ll ) umsdslis )
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Digested DNA
DNA ‘
of known sizes ’ ©
for markers
Nitrocelluoss fiter <l
Agarose gel
Nucleic acids separated DNA transferred
by electrophoresis to nitrocellulose filter
— e — ——
10Kb —
7Kb |
—
5Kb — —
—
3Kb —
—
16 Kb —
0.5Kb —|
radioactive nucleic acid probe BXpose;fieqto M Autoradiogram

Normal B-globin allele

m
T<—175 bp——T<—201 bp—+—|_arge fragmem—»T

Ddel Ddel Ddel Ddel
Sickle-cell mutant B-globin allele
E—:bl

T 376 bp ? Large fragment

Ddel Ddel Ddel

(a) Ddel restriction sites in normal and sickle-cell alleles of the
B-globin gene. Shown here are the cloned alleles, separated
from the vector DNA but including some DNA next to the coding

sequence. The normal allele contains two sites within the coding

--------- g sequence recognized by the Ddel restriction enzyme. The sickle-

cell allele lacks one of these sites.

e ——

Normal  Sickle-cell
allele allele

Large
sssssssnssnss Genomic DNA fragment
Restriction site
Conventional Gel Electrophoresis 376 bp
201 bp
175 bp

(b) Electrophoresis of restriction fragments from normal and
sickle-cell alleles. Samples of each purified allele were cut with
the Ddel enzyme and then subjected to gel electrophoresis,
resulting in three bands for the normal allele and two bands for
the sickle-cell allele. (The tiny fragments on the ends of both
initial DNA molecules are identical and are not seen here.)
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b 832 Wil> e DNA e dallill dygual 2glgisill dilasll Olipbill 5385

the practical applications of DNA-based biotechnology affect our lives in many ways:

Diagnosis and Treatment of Diseases :ol,08l gileg yousuis o

Human Gene Therapy and Gene Editing :guzJl Jaa=illg syl Guzll i)l o
Pharmaceutical Products :didiuall Olosiall e

Forensic evidence and Genetic Profiles :duuzJl auodallg e pidl ol sl e
environmental Cleanup :diudl udais

agricultural applications :daclyjll Oléubsll o
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% Exercise 1

SBEY)

L4 Exercise 2
Why are yeast cells Frequently used as hosts

For cloning ?

Which of the following enzymes was used cej2 2L¥ dolass I‘o:i&...JI:UI Olosidl oo §i
to produce the molecule of DNA in the = |5"'"3699-U| s ool
Figure? o

A | ligase C | RNA polymerase

B | arestriction enzyme D | DNA polymerase

P euyn %

205ie JS i Syrasll LIS pa i wi 13Lel
c.él Iy w i" o ‘

A | They easily form colonies.

dgguy Olyosime JSi lgl | A

B Theycan remove exons from mRNA.

.MRNA 0 exons dllj] pgiSes | B

C | They do not have plasmids.

Wl e g | C

D | They are eukaryotic cells.

Sloll disyd> Lis o | D
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% Exercise 3

Pax-6is a gene that is involved in eye formation
in many invertebrates, such as Drosophila. Pax-6 e ‘3 Ol 295 *3 )iy 922 90 Pax-6

Je ygisdl o3 . dgslall i3 Jio « O LasWI o
22 0f ymsill gSos .Obyaall § Ludui Pax-6
(PAX-6) (aigydl 3529 daL3 § L8 po Pax-6
Sl Jl Ologlnall 030 yuibi .diSyo dib3 oae J)

coaall 1ag) Wl GosLol oo

is also found in vertebrates. A Pax-6gene From a
mouse can be expressed in a fly and the protein
(PAX-6) leads to a compound Fly eye. This
infFormation suggests which of the Following

characteristics of this gene?

Pax-6 genes are identical in nucleotide J—ud w5 @ ds o Pax-6 wliy>

: sequence. OlawiguSquill A
PAX-6 proteins have identical amino acid | o déslnio OM i lg) PAX-6 &linig p

° sequences. duiodl (olas ¥l °
Pax-6 is highly conserved and shows Li)ohi Mol ygbug dalall bgamo Pax-6

c shared evolutionary ancestry. ls_).u.u.o ¢
PAX-6 proteins are different for daliso &|9JT 02955 § PAX-6 wliggy waliss

> Formation of different kinds of eyes. o=l oo 0

? Exercise 4 I ETERY) ?

The segment of DNA shown in the figure Je JSoill 3 —ogall §99,U| woweall £5> S9
has restriction sites | and II, which create | g B g A dyauuii ghbd Glss GJlg /11 g 1 s adlge
restriction fragments A, B, and C. Which of 32851 o=yl Lg=iia GJI daodlgll Slgall o sl.C
the gels produced by electrophoresis Slgugg ;|J-?§| 030 Juad ,J,;,.gi JSuin Jiew
best represents the separation and

identity of these fragments?

I 1
L A |[B] C |
e A B B K o
A o} H@ C|l o 3
A B C " CAB
B o ® D o |“ ’@
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¥ Exercise 5 0 )Y M

Which of the Following sequences is most ) ol 2200l 9o LUl Ol (o ol

likely to be cut by a restriction enzyme? Saudlo E13i] dbuwlg dabd

% Exercise 6

5'-AATTCT 3' 5'-AAAATT-3'
A 3'-TTAAGA-5' 3-TTTTAA-5'
5'-AATATT-3' 5'-ACTACT-3'
° 3'-TTATAA-5' 3'-TGATGA-5'

Select an observation that best describes a
correct aspect of the two processes of

restriction digest and gel electrophoresis.

Ty %

Gil> J—ddl JSin ol 5 Gl dboMall 33

el 3redll

When separated on a gel, the pattern of
DNA bands will be characteristic of those
cut with Hind Ill; different restriction
enzymes will not produce these same

fragments.

e3> bl (98w« duodo 83lo e lgliod aic
deghdoll el luoo S99l poadl
Andill Glogjil 2l ol Hind 1 plasswly

Lgwai cli=3l 0do dalisall

The sequence 5'-AAGCTT-3'is Found eight
times in the Lambda genome, and the
restriction enzyme Hind Ill finds each

location.

bl @3l yisyg - Lambda pgiu=> § Wlie
2990 JS Je Hind 11l

IF an electrical current is not used, eight
separate DNA bands would be visible, but
they would not be separated as much as

when an electrical current is used.

e LyeS )L placsil e @l 13
08 s9gil Yaeall dlasio OB dilel
PI e IM'QIIDS.IQ*JLOJ‘L&JLG‘LOS.[QUOJ

Jyedl Ll

Only the restriction enzyme Hind Ill can
be used to cut Lambda DNA since
restriction enzymes are specific to the

type of DNA they can cut.

bid Hind 111 sl eyl placsiwl oSoy
sl Olayil o3 155 DNA Lambda ghal
asbd lgisay 53l s9adl paasll gois dols

ibgll cilyalyllg aglall slalg
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? Exercise 7

The DNA profile of three newborn
children (Baby A, Baby B, Baby C) was
analyzed, in addition to three married
couples (Dad #1and Mom #1 - Dad #2 and
Mom #2 - Dad #3 and Mom #3).. This is to
ensure that the children match their
parents after the process of sorting them
by mistake because of the medical staFF.
The results of the analysis using the gel

separator appeared as Follows:.

Guao Jlabi d5 DNA —JI Giled Julos Joc @
dis J1 dSLo3L (Baby A, Baby B, Baby C) 63391
Mom #2 - g Mom #1 - Dad #2 g Dad #1) glgj
diylbo oo 3SLill g .(Mom #3 g Dad #3
Gb o )9 dilac Ggas Ay EgiLE JLab3
Jaloill 25U5 Cygh 389 .uadl )3 Cainny Ul

:JWI 92l e oMgll Jiodll jlg= plasiuwly

Q-OLLY
NSMO

¥

Vo)

mackers dadd]l mom#l dad#) mom#2 dad#l momé3 BabyA BabyB  BabyC
[ = [ ] [ s ey s U | ] [ ] 10 % | Ememey |
n=50| —
n=45| —— — _—
n-40 | —— — _ —_——
2=3| — F— e ——
2=30| —— e e o
n=2§ — — P—
n=20 ——
A Baby Parents B Baby Parents C Baby Parents
C | Mom #1 9 Dad #1 A Mom #1 9 Dad #1 C | Mom #1 g Dad #1
B Mom #2 g Dad #2 B Mom #2 g Dad #2 A Mom #2 9 Dad #2
A | Mom #3 g Dad #3 C Mom #3 g Dad #3 B Mom #3 ¢ Dad #3

ibgll cilyalyllg aglall slalg
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? Exercise 8 [\YSTREY) ?
The sequence of a short piece of DNA i 10035l DNA (o 8308 dahd s 3
was analyzed enzymatically using . oaowS 3l dogiio bl OlaigalSes Jlosiwl
deoxyribonucleotides. Using the gel 3323 OhLdl go (sl 03l pasall ENgll plaiwly
shown below, Which of the options . DNA Jaudaws
determines the DNA sequence.
G C A T
JE— JE— | E— | E—
—_
L
I
S ——
]
L
==
S
S
L ———
e
e
E——
A | 3'_CTGATAGTCAGCTG_5’ C  3'_GGGGCCCAAATTTT.5’
B | 5. GGGGCCCAAATTTT_3’ D 5 _CTGATAGTCAGCTG_3’

ibgll ailudlyllg aglell slualgl
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¥ Exercise 9 )3 *

What is the most logical sequence of steps For splicing Foreign DNA into a plasmid and

inserting the plasmid into a bacterium?

Sl § Aa0jMl JU53lg a0jdl § as )l DNA pusli Glghs) dyibais yisBI Juduidll 9 Lo

I. Transform bacteria with a recombinant DNA molecule.
Il. Cut the plasmid DNA using restriction enzymes (endonucleases).
1. Extract plasmid DNA From bacterial cells.
IV. Hydrogen-bond the plasmid DNA to non-plasmid DNA Fragments.
V. Use ligase to seal plasmid DNA to non-plasmid DNA.
uS)yi 3lall DNA £552 2o b sl Jag=i .|
.(endonucleases) Judill Glayjil plasuuwl DNA a0 i3l 2b3 .1
) Sl LASJI (o 340531 DNA 2wl i
320) M1 j1€ DNA Llbuin 3403l DNA (a29)3ugll buy IV
32033l jue DNA (e 3u0j3JI DNA gled ligase pasuiwl .V

A LIV, IV, C | LIV, V, I,

B | lLILIV,V,I D | IV,V, LI,

ibgll cilyalyllg aglall slalg
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(https://www.sanfoundry.com/) .P-P'F .sanfoundry duouedl duaiall o diolsll diwdl -

- Reece, J. B, Meyers, N, Urry, L. A, Cain, M. L, Wasserman, S. A, & Minorsky, P. V. (2015). Campbell

Biology Australian and New Zealand Edition (Vol.10). Pearson Higher Education AU.
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