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x Meiosis
Meiosis 1

Meiosis [

¥ Medosis I ilself is subdivicled inlo:
. P/rophax 1

Metaphase 1
I 4napha:e 1
&/ olo/b/»ase I

B> Meioess T its self is subdivicdled inlo:

p//ofhasc I
Mda,Dha.cc I
4naphase I
Jdofhase [
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Chromosomes

Interphase Meiosis I
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Prophase |
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Telophase |
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Nonsister chromatids

Sister chromatids

Bivalent
(Tetrad: paired -h=! 4

,”'\ '.‘I

maternal and
paternal . J :
homologous O o7 Chiasma
chromosomes ) g > 4 (Site of

| with two e ¢ crossing-over)

chromatids each)

Centromere

1) Fomotocas. Chomsomes fady 4p — synps
—> o fom bdvaents [/‘;ﬁ'ax i s

2) Chias mafa formatan

Homologous Chromosome
chromosomes crossover
aligned

Chgs ma (s qujar)
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/)ro,pha:c L:

A Jhe chromosomes Shorlen and thicken

X Homo/oaous chromosomes poir up - Jhis
&y process is colled synapsis- Each paiz is

ermed as o bivalent -
* Jhe cenliosomes migmk loworrds ~(he
B 0pposile poles of Ihe slm'nd/e-
B Jhe nucleas envelope disinliamlis-

¥ Jhe nucleolus drs appears -

* Spindle formation, occurs
* Chlasmala furmg
*+ G rassf’ﬂj over may ocaur
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Chiasma. formaﬁog-.

* Chiasma. form, each chiasma. is o "ﬁ'b"
of overlap belween non-sisier chromatidls .
& hiasmalo formm‘ion I3 imloaﬂ&nt f01

c fo llowin? reasons -

O
¢ ).96’ holds The Two chromosomes within o
),

[E)Vivalent léﬁdhcr- (mechanical role).

Q) Crofsfng over moy occur due To overlap

bw non- sisTer chromafids ('ﬁcnch'c 70le )
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__chiasma,
&

A

Recombination can occur
bjw these Iwo
skrands of chromo-
somes

>

o A a o

A

Chiasma
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Meiotic spindle
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\ﬂdo'u})hm l:

:fHoma/odous /:airc of chromosomes ah'ﬂn

themselves along The cgua7b7 of e J/o/’,;d/g.

& ¥ Chromosomes are alfached o The Jpr’nallc
0
/?bYe: via Kinelochozes -

Eé’ndependmf assorlment occurs.

\/ﬂcfa/:hm T
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Jnalph ase 1
* Individual chromosomes move lowerds
(he of,oosi/é /oo/cs of The spindle:

@* Cenlromares do not clivide.

Y The movement of lhe chyomosomes

bules .

E::cu“ due To /he confraction of [he micro-

Chromosomes delach from Ihe Spindle
fibres at fhe end of anaphase.
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Jelophase I

¥ Jhe nucleay envelope reforms
* Jhe nucleolus seappears.

" % Jhe chromosome numbes recduces fmm

4 2n Do
&

) *Animal cells erifer cylokinesis before

L4
N Meiasis IT .

B « plant cells enler Meiogic 1 wifhout
Q

¢ylokinesis.
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Meiosis [l
/) Prqphase /]

= Chromosomes sho7len and thicken /cona’—
ensation)

a9~ Centrosomes mfg rale lp the o/b/Dosife

les of [he nucleus .

- Nuclear mve/c)/oe dt’smlégmlcs -
NMucleolus dl;caplbcars

fpind/c fawnaﬁon oceurs .
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Melaphasell
= Chromosomes aftfach To The .s/m'na'/c [/‘brcs
via kinelochores .

—>Chromosornes ave alrgna{ a/ony (he

8qua/57 of The spind/e-

Melmnphase [

G
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ﬁl)a,p/)a_l_t E :
— Cenfromere divides

- chvomatlds move towards #he

Opposile poles of [he Spindle with centro-

G

et

meres /ead/'nﬂ :

> Jhe movement of chromatids is due

oo N

/o confraction of microtubules.

Chromatids dlefach from spindle fiores
at (he end of anaphage.

o
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Telophase I

~ Nucleat envelope eforms.

= Nuceleolus Aeappears

= Chvomosomes deconclence

@@ Jelophase /]

N CyPokinesis

(n=2)

G
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Meiosis and genefic variation
. ° U
¥Merosis can fead /o ieneﬁo Vayiatiorv in The
fo //owma ways :

« Crossing ovey

. Jnc/elbe_ndml‘ Acsortment
“. ® M wfation

G

LINKED AND UNLINKED ALLELES

BT

Alleles that are present: on The same

elo

1omosome are said lo be LINKED [ //'nkafe)
¥ Alleles thal aze present on different
chromosomes aze said To be UN-LINKED

(non- linkage )
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¥ Consider [he fo/lowm7 /oair of homo/ogous
chvomosomes with The genes Ao § Gb:

Y B

et

4
BNOTE :Dallele # is linked 1o allele 8

O
W2 allele a is linked lo allele & .
B3 alleles a avel b are unlinked lo alleles

E
B/ and 8 .

(©) Linked alleles are inherilzd fogether
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CROSSING 0OVER
¥Jt is defined ac The exchange of ﬂendic

malerial bfw non- sisiey chvomatids dun’ry
prophase 1 of meiosis I
&/ Cmssmﬁ over occuts oue fo The Formation
.af chiasma/a bfw non-sisier chromatids.
almmhg ovey leads [o genefic variafion
due o 61ealcayc of /m/cayc ﬁroupx
glcadm” lo formafion of new combina-
fion of alleles.

L e Bl
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Independent Assortment
¥ Independent assortment is defined as The

random ovientation of (he homo/dgc)us

chromosomes alono fhe equalpy of Ie
.cpfnd/e duw’n0 \Mela,oha.re of Merosis -
&

fach bivalent alfgm ilself /‘ndcf}mdently
N 0 f ofhers.

B *Jndependent assortment may fead To

@
. ﬂencﬁ'c variation 6y fwmlno 2" Ipom’blc

number of different gomeles where i is

% number of bivalenls with o 'pmh'wlm

nucleus -
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¥ Since human yerm cells fwm 23 bivalenls,
[he fofal possible number of different

iamclis that con be /braduced are = 223

Juclu,ol)a:el fm

[‘. """3””“" .
F -l

AB AB ab ab

-~ olos g
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naepenaen romosomes
Possibility 1 Possibility 2

Two equally probable mw
arrangements of

chromosomes at mm
mm metaphase |

¥ B

1 D s (D
X K A ;

v y oo rF oo y

—% — Daughter — 3 R—Br—— Ry—
cells

ofo]- ~ o> S g

Comblr;'alion 1 Combi“r';ation 2 Combif\atlon 3 Combfﬁatlon 4

Number of possible gamete combinations = 2"

n=2 ‘=4
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Matakpn
It is described as The alley ation in The

sequence of nucleotidles ov The chromosome

G

) number o7 Slrucluye -

* It leads f5 varation by forminy new
alleles -

slo]- - olo >
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%rﬁlisaﬁ'(m as a Source Qfﬂench’c

variafion
1JE is defined as The fusion of 2 hoploid

gameles ) produce o oliloloiol cell for

example a human spesm cell moy fuse

with ovum [o ,b10ducc a oh}oloid zyyole.

¥ It moy lead 1o jenctic vamation beca-

use fhe fusion of 0ame7’és 1s random-
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ﬁous ehromosomes
S/"slz:r &, honscdter chromatids

* Oventew o meioste
> P A/&OOS o —7 Melosis T

T Z>meiosis y/a
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+ M q jm&‘c varcdton
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O,: Diffeventiale belween milosrs qnel meiosis?

olo]~ - of> S8

Milosis

N

* Conserves chromo-
Some numaber .

§° ensure s geneﬁc

Um/mmrty

* Ho mo/ogous chrom-
osomes do not patiz up

alun'ng ,tnophase-

e Chiasmala /brma(/on
dves not occur in

pro phaxc

* halves [he chromosome
numbey

o leads [0 ycndl'c vario-
fion .

o /Iomokvvus chromosomes
pair up fo form bivalenk
in frqohase I

o Chiasmala ﬁ)rmccl i
prophase 1 which moy

lead o CYO!SM? over.
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Meipsi's

* Individual chromo-
comes line acr0ss

lhe equalor of [he
) pindle with no

inde,oemtnl'

W acsortment in

4 mda/)hasc :

E
°(enﬁomeres clivide

n anaphase of

milosis -

*Bivalenls line a/on?/hc
czual'o' y of fhe S,Dfnd/c-
9nde,>endenf acsortment

bccurs N me fa/aha:c 1.

» No cenfromere division

i anaphase I of meiosis

Page5



Code: A2B- Inherited Change
aaaaaaaaaaaaaaaaaaaaaaaa

Milosis

]

HEUSER

Meiosis

Sisley chromatiids
move fowards He

opposile /)olcs of lhe
és,omd/e in anaphase-
» may form haploid

O
< 1%} d¢101d cellc.

E

* ch1omosomes move
fowards The o p/)osi/c‘ poles

qf the s pl'nd/e in onaphase
I

. meiosis leads o [orma-
fion of ha,b/oid cells
from dliploid cells.
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(7, : Outline how meiasis leads é ienc//'c

Vayiation?

Ans: Medosis is o form of reducttin division.
& Which leads Io genetic vaiation 1h 1ough
Enossinﬂ over and /'na’?Oendcnt assortment
C7ossiny over sefers [o The cxchanﬂe of

b
wcnd/c malerial belween. non-gsisler

chomotids of a bivalent - 3t occurs dtm'/7
/Jm/)hase I of mejosis It leads To 3enm‘1’o

variation by formfna hew combinations
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Of alfeles due fo breakage Of [nkage
greaps. Independent acsortment refers
[o The random alignment of bivalens
gACI0ss The egualor of The sp:’nc//e oluring

chla/)hasc- Each bivalent [ines up mdqx~
dently of others It leads o genetic
E/miaf/'on by ﬁnmin? 2 /oo.cs/b/e numbers
.
of d/ﬁ’crent gameles wheye n s The no-

of bivalenls -
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Fig. 4.1 shows the results of an animal cell that has undergone meiosis |.

Fig. 4.1

(a) State which stage of meiosis Il is shown

et ;fme_..zf.
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(b) Describe the next stage of meiosis Il.

; ...,M%.,.Cﬁ?/i@%m._...Zfaaé‘.’ ............................................ 3
m (c) g:scmm(a)pfengﬂgor{ge s@r}?ﬁm{eiosns@b CIJD-

(i) the nuclear membrane;

zme7rqfw/mwdam ..................................

(ii) the centrioles.

..... %Afﬂx(oz;'/faﬂ(/

K e 7M/(méf(/@‘2'

Ao om;?’/f EN(-.0f. Jhe. Kialets..q long fie
quany-. . Je feadks.. 1. fa1nmabon. OF 2" posSthia
aO- 0 /e Crs. /67} / /5 )
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Meiosis is a type of nuclear division, which produces gametes for sexual reproduction.

(a) Fig. 7.1 shows diagrams of the stages of meiosis, A to J, but they are not in the correct
order.
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Complete the table below by writing the stages of meiosis in the correct order.

Some of the stages have already been written in the table.

letter of stage

nuclear division
B

meiosis |

meiosis 11

&
'
H-
=

D
&
A
@

A
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2 Fig. 2.1 is a diagram of pair of homologous chromosomes during meiosis

Sy,

Fig. 2.1
(a) State what stage of meiosis is shown.

late. popase. L.

(b) Describe Ut has occurred between the two homologous chromosomes.

C%ossuy Ohf/ h?s arcred. . LOhGA.
IMVAes. ne 1&. nakrdl

B> LS (‘ﬁ/c/ 52/;

(c) Explain how this can lead to variation

ossive. ond. /E’O@ o}ma/;m
mo oniblnalbion. OF. albles. dhe

of [Dkage. AOUYS...

(d) Describe twd other sources of variation that are possible as a result of meiosis.

'ﬁ X /ndf/{/zﬁo/ﬂ’ A<t ;hzonﬁ
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GAMETOGENES s
Mammale PIa_nEs
<] yma - enesis po;;m Grain  Embryo
o (in females) tmation  Sac

O omws (androecium) ﬁmnfion
{7n males) (7ynoca'un9
E
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Meiosis in mammals
PO s

3 Meiosis leads To /61mah'on of ﬁamdés

in males and females -

"«7/'e process that leads fo formation of

& .
amclEs s known as ?dmefbienesis .

<> *(7ame7bgencsis exisls in fwo forms in

@mamma/s :

[ J‘,Dermovfbﬂenesﬁs

a: OOJmesfs
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Spermalogenesi's :
¥I¢m o e /owa'ucﬁon of haploid sperma-
lozoa. f Yom d/p/ofal Jpamal'égom'a,-

¥t occure in males .

54 Jne sile of spevmalogenesis aze The [estes
Y+ Jhe germinal epitheliam of The semini-
fewous Tubules contains numerous d/lbloio(

gsfnmalbﬂom'a which sewe as germ cells
fo form haploid speimalozoa
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Epididymis

e 2Ty
'{7 OO0
a .

S

Vas deferens

Seminiferous tubule
(transverse section)

I

HEUSER
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Semborferous
tbale

longihld/na/

Section of

)

% 0 lesti's

&

= Jransverse
< seclion of
) ‘ Seminiferovs

= geminal |, tubyle

epifhelium
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MNifoss
/ =7 Greowh
D Meiosi
S Mafurdhim

(77 S/efm?ojom‘um (2n)

5/)crma¢/7on£m/m {peymats ﬂanﬁﬂr) (2n)

J

primary <SpenmeiaCyfe an)

/@’os/'s T
>

205/5(77)'70’0%[/)) gCCOI?J-ay S/Em,q/wk[n)

N erosis IT l Mewssis [T
& Y / \

/nmaha’m %dmhd f/gmghd «?rrmah(z,v

\/—T

5 J(ﬁoerm/azoa (1)

ammm@
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Spermatogonia

Primary
Spermatocyte

Secondary
Spermatocytes

5

m,2 <
s

Spermatozoa 0 o

’

I
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Eprchcymis

Vas deferens

of0]- ~ of> S g

Seminiferous tubnde

transverse section)

Spermatogonia

Spermatocyte

«

Sparmatocyte H

\

\
- Spermatid

|
b ——

) i\
\ -—& Spermatoroa

HEUSER

Acrosome
~—

Nucleus

centriole
—

Mitochondria
——
(midpece)

Flagellum

Spermcell
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$5lbcrmﬁ>yemy’s gecurs in /om’ sfages:
¥ Mifoss -

&% Diploid spevmabgom’a present wifhin e
Eﬂemﬂm/ apifhdl'um divide Agocak"d/y b y
imil&is o produce numerous d:,'oloio/

Pe 7malbﬁom'a :

B’ Growth :
2 Some dz/'o/old Jpamalbaom'a fmfhcr A 70w
fo produce djploid  primorry Spermalocyles:
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¥ Meiosis -

¥ Zach primary Spermolocyle divides by Merosis
I o /mduce Jwo ha/:loid seconclay y

& spermalocyles - Each secondary spexmolocyle
Eolivides by Meiasis I To produce lwo

ﬁm/ﬂoid S/>e7maﬁd5 .
@ Vherefore one spe 7ma/5(?om‘um produces

4{ haploid spe imortrcls .
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¥ Mafuration :

* Zach ha/)/oic/ spesmatid undcryocs a

process of maturation [o form o. molure
@permalozoon

y o
Jhis phase 0f matutadion /s kKnown as

: 7miaﬂenesis -

Dmiry This phase cach spermotid goes
@hfmuﬂh a Sequence of Sluélural chanyes

fo form a motile spermalozoon. Jhr's

Involves :
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Centricles

L Microtubules

Flagelium

HEUSER

Acrosome

Nucieus 14

Midpsace Me
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i) modification of e é;r)lgi vesfclee o
form [he acroome which containg hydrolyli

&
ZZN3ymes .
3

7h'c cenlrioles within The Sperma fiols
e 7e.$fonwb/e /or /o rmmy The m:d,mcce

=«/htch contalns The microtubules ond The
milochondrion -

Page2 8



Code: A2B- Inherited Change
Mohammad Hussham Arshad ,MD

HEUSER

m) Jhe fail forms as a result of exlension

)
ZF (he midpiece

EV) The pear -shaped head
B/ e spermalozoon sesylle olue To phage

qy,(-)Sl'S Of éxcess Cylalo/agm af /;;e
f/ba'maHd-
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00&(3/‘5
¥ ogenecis is a form of gomelogenesis in:
/Zma/es -
&2 Jhe Sile of o0qenesis are The female

0 e

3 Ovaries @crmfz’;a( ehthelium). @ Pithefium
Oogenesis has he /o//ou/iny fom Sluges :
) Milosis

B.) ¢ 0wt

) Cyrowlh

3) Meipsis

4) Moturntion
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¥ Oogcnesis be?ins duw‘n7 The embryonic

Iife.
¥ Ooyencsis has /onﬂ waifin7 stages. Jhe

é/ham of oogenesis can be sub-clivided

on lhe basis OF The lonq waifing cfages
. e on7 7 ?f
< /hla:

@a) Embryonic life
B.) From puberly 1ill menopause

) At Jertilisation.
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O%m‘fm 2)

(/\‘ ‘ '4'5;" ot

Oo/aonwm (2n) Dyoncum (Zn)

&

/M}ywy oogk (2n)

| ( Al " .
oamp GEp GED GED bame® |

= i MezoszsI/j',,,,';,J”.
2 f’uh-ry/v Mﬁ P
Im aweé (h)bp(;,‘

&000”‘?;?( n) ~1/

defemram
IMCIOQME Shack 1 -

\
- e & e ,Q--_l/}r//huﬁb/}- S

Egrriess .
mh‘d?mm\ Pd{ 4 '&dy (n) = o%mem/a

o]0l ~ ofc g

C. AC
ovam (n) ﬁ’ﬁ‘lckah'an
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Dogenesis (2n
iTosfs
) Coganian Oogonium
(2n) vy
GRoWTH
l@émbvyomc Life Primany socyle
(2n)
l (anrested in prophagl HILNEIDS's I
| puberty]
@. Puberty  Cecondary () Dolnr
Hill Menopause  ggcyle body(n)

/LME\/bsrf I farresled in
mefophase I )

Ootid(n) Polay body (n)

© Lmafumfmn
lisafr
Jerlilisa mfvam )
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gmbzxom'c éfi :
¥ Diploid oo”onia. within The 9erminal
epithelium. dividle Ac/)emEJ/}/ by milos/s -
¥ Some oh}olou'ol oogonicL. pacs fhfou?h @
& 1owth phase fo form diploid primary

aocyfés :

B) Each primazy oocyle starl Meiosis I and
ema ins Suslbcndec/ n /Jrolohase Iz #ll
ubaty-

¥ At birth o fr:male has approximalely

two million  primary oocyles

3 y’orlou/in” birth there is no fu'h‘ha pro-
duchion of primary oocyles
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]rom Puberty 1ill Menopause
2 A female unalcraoes monthly cyclical

changes within Ihe ovary ﬁ)llowini
menarche.

)
El Each month o primary oocyle compleles

c/osis I form o sewnolary oocyle £

g pola body -

E
By Jhe ,oolar body o(c,encmlég fo ﬁel“ il

of excess ﬁencf/'c malerial -
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¥ Jhe seconclazy oocyle contains most of
lhe cyfoplasm olue 1o acymmelrical cYTok-
Inesis .
& *7he Secondary vocyle starls Meiosis I
0
buf remains suspmdea/ af Mefn phase /8

O
)Jhe chnc/m'y oocyfc /s AL/COS(JOIW’”’]

. ovulation .
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L{% ie rillisation

*\he secondary socyle compleles Meiosis

L if fertifisation occurs To form an

éoﬁd and The Second polar body
Jhc ootiol ﬁwmcd Aa/bfd/y compleles ils

Snaluration Iohasc Io ﬁrm a madlure gyum.
@Jhe nucleus of The ovum fuses with

lhe nucleus of a sperm cell Io form o

ollplo id z_yﬂofé :
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+ NOTE : isymmelrical cylokinesis occurs

lwice (because polay bodies are formed
Iwice) lo ensure that Jhe maluze ovum
& contains all Ihe cyloplasm and organdles
7
wifhin it
O
W+ Jhe formation of polar bodies gels

& »id of excess Oencﬁc malerial -
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¥ Homologous chromoesomes
¥ $hler “€, nonser chromatids
* Overrfew o meioce

0. 0o —7 Melosis T
x A/@OSK > meiosis I
¥ ./\/efo:&' and jm:’[é Vaﬂd%?m
= @am@eneif n. mammals

5 e g

o]0l -~ ofc g

With
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ADVANCED LEVEL
BIOLOGY 9700
UNIT 16: Inherited Change

Learning Objectives:

e Comparing spermatogenesis & oogenesis

e Gametogenesis in plants

e Comparing pollen grain formation &
embryo sac formation

e Comparing gametogenesis in mammals &
plants

Video Lecture 4 Slides
Mohammad Hussham Arshad, MD
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ﬁous ehromosomes
S/"slz:r &, honscdter chromatids

* Ovemtew meiose
P /\/a"as o —7 Melosis T

T Z>meiosis y/a

+ Meloss  and jemz.‘c vardton
* Grame @eﬂe&: i mammals

e

ammm;@

]
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spermatogonia

growth

melosis

diploid

/A
T

spermatozoan o~

poamary spermatocyte

maturation of sperm

Figure 16.10 Spermatogenesis in humans

L)) diploid

oogonia
(produced In embryo)

growth

maelosis

peimary oocyte
(produced in em o) diploid
stop

secondary oocyte
(after puberty) (@ . haploid
‘ stop
polar body
secondary oocyte
(one a month)

maturation of oocyte \

(after ovulation) .

polar body

ovum @ haploid

Figure 16.11 Oogenesis in humans
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01: Differentiale belween s,oamlbgcnesis A

ooﬁcnesis 2

A}\S: Spermologenesis
7 LA L

Oaaenesi.s

éfow haploid &permafb-

od are formed from

? ne diploiol spcrmalbﬂo-

> IR
JU TR
]

One hap/oid ovum

forms from one

dr;oloid oagom‘um :

Does not involve /DOhT'ﬂnvo/ves /)roduclidn

bodres -

{ymmeTrical cylokinesis

of ’oolm bodies .
« Asymmetrical cyTokine-

Sis.
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]
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Oaaenesi.s

Ay permalogenesis begins
following puberly.

«Continuous process

owfh no Walﬁnd Jfagcs
Jpelmah_)ﬁmeg/s

@@_-@

. Oaﬂenesis beﬂms
dminy embYyonic life

N3 nupled by /oni
waif/n7 sfaﬁes.

o Oceurs within the

occurs within [he Tesliy ovar y.
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Human Sperm (Spermatozoa)
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{:: Comfare and conliast an ovam with a
spcrmarozoa?
A}: Similarities -

1) Both have 1 sel of chromasomes and are
/hcnforc hap/oid -

NG

i) Both are. produced as a tesult of gamelo
genesis by ferm cells.

DEEEXIC
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Differences -
g perm Cell

]

HEUSER

Ovum

NAAANS~

j)Spermalozoo. are

™ motile
37J maller in size

'i) Has comporalively
ess cyloplosm -

B .

@r) Contain an acro-
some with hydwlylic

engymes -
V) Has o fail-

i) Ova is immotile

1], Laryez n Size

i) Has comparalively

farge volume of cyloplasm

iv) Does not contain

an acyoesome

V0va aze devoid of o

fail-
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GAMETOGENES s
Mammale p,a_nz-s

/\ N

wﬁwcsrs Pollen Grain  Embryo
g;enesis (in /Cmale.s ) ]ﬁrmahon Sac

(andaoecium) Jformation
(gynoecium)
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C;amcfogenesis n //owen'n; planls
7
¥ Gameﬁienes/s in /%W"inz ,o/amls leotels

Jo fmmaﬁon of malure loollen imins and

& malure eméryo sac-

0
Po//en yram fovmafion occurs n The male

M/g of the. flowering plant collechvely

EA:?mea( as Slamen or androecium .

Btz of androeciam include:

a) Anthers
b) filament
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¥ Embryo sac /mmaﬁon occurs in The
/cma/e ,oarfs 0f e f/ow,ny /"0"’5
collecﬁ'vcly lermed as e cm,be/ 07 the

& gynoecium -
7’/

&

i#ﬁaﬂ; of the g ynoecium include :
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Anthers _.j/ / ,
}
| ‘ . . l)"”L'l] Sacs

l
Filament ——»

\

Pller mothey cell (zn)

| /}‘ItJQOC(vS
/wf paploid cejle (n)

©@©@eE

jéfefahoheﬂ \L mtolvsfs &J.‘H,Ou'/'
Cyfoldnes s
fuobe n.

10}77 al Yauns
[ /nmy laycf(,'nﬁ'nc> malire ﬂ)//pnj
2. Qulee loyes (exine) J/

ﬂ\/ (ooy (2® 6@ WiOithe

b in
/70 flen 7*‘;; >§

E
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a
pollen mother cell (2n)

meiosis

4 haploid cells (n)

mitosis

young pollen grains
containing two haploid
nuclei (n)

mature pollen grains (n)

b

ool ~ ole N\ g

I

HEUSER
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Pollen ﬂaz’n fmm//bn

Pollen ﬁm ins are formeo/ in pollen sacs

inside The anthers.

%

C?

/
&

BE

Pollen sacs contain diploid pollen moth-
cells - A diploid pollen mother cell

dividles by meiosis To produce four haploid

ells -

¥ Fach haploid cell ana/cr?aes mifosis

without cylokinesis Jo produce Ihe cell

with Iwo haplojd nuclei-These nuclei pre

[he yameﬁ'c nucle;.
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¥One of lhe nucleus is lermed as (he tube
nucleus and The ofher as The iencmﬂve

nucleus-

h7hc cell with 2 ha,D/OId nucler ﬁrm.s o

G

volective coat with 2 la yers,an inner
intine and an ouler exine. Jhis malire

cell js lemed as o /Jo//en gmin.

o]0l ~ o

¥ (One diploid pollen mother cell therefore

produces /‘our malure pollen grains.
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ool ~ ole N\ g

attachment to the
ovary wall

I

HEUSER
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mo%e? cell (2n)
/bﬁ \Lmemas

23 are crushed ky}
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The development of the embryo sac

diploid spore mother cell (2n)

meiosis

haploid cells (n)

mitosis

two haploid nuclei in the cell
which forms the embryo sac (n)

{the 3 cells at the micropyle
are crushed)

mitosis

4 haploid nuclei (n)

mitosis

8 haploid nuclei (n)

Mature embryo sac

egg cell (female
gamete) (n)

HEUSER
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Embryo Sac goﬁma tion.

¥ Zmbryo sac ﬁnmallon aceurs inThe ovule.

xﬁdyoloid Spore mother cell within The ovule
.ib...zflwb/es by meiosis fo favm fou'r hap/oio/ cells.

BJh'm out of These foui cells are crushed
O
Ry The micTopyle

vhe mmm'm'ni ha/b/oid cell unc/eryoes

@ . . s S
./hree milotic divisions [o farma malure

cmbryo sac-
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xS malare embryo sac has eighf haploid

nuclers one of which is o gametic nuclei .
* One d;ﬂloic/ Spore mother cell thezeafler

p7ooluces one malire embvyo sac-
™

2 767fill'saﬁ'an occurs when a male g0 mele
within a_pollen grain fuses with The ovule
0 form o cliplordl zy?ok Jhis Jgfﬂo’?

B
olzwdcs J(fcaféa'/y by milosis To form The
embyo-
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Jhe devdopmen?‘ of The embryo sac

daFOlcl s pore mofhu@
cell(2n) /‘(ﬂcimis

haploid cells(n)

& mildsis

Zu‘vo haiploidl nuclei in The ([hie 3cells at T
ell which forms the micropyle afe crushed)

e mbyyo sac(n) ¢ milosis

¢ —

E 4 haploid nuclei(n) 0
B | milosis

8 ha,b/o/d nuclc:{n)'
b 9% cell (ﬁ.malc 0amdé

Malare embryo
bl %’ (n)

—
—_—
—
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0: é’ompan and conliast pollen ﬁrain foma-
tion and embayo sac formation.

-S’ /'mila'nﬁi:s :

*Bofh involve milosis and mexosis ( sope mitsss)
)

"’rBofh nvolve The formation o mele
ﬁ fga s

BYvicv milosis of haploid nucler

<

&' Poth involve milosis without cylokinesi

E
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Differences .

Pollen Grairv
Zorma{/on

) ollen Wains are

Hrmed from oliplord
=2ollen mother cells .

%) (One Pollcn mothey
C/I /bwduccs 4 malvre

@ollen grams.

IHaploid nucleus with-

n e pollen gmin

divides once b y milosis:

]

HEUSER

Embryo Sac
Jormaftion

Embryo Sac /s

formed from oljplord
spore mother cells .

One d/pIOI'd sppore mofher
cell ,broa’uccs 1 malvre

kmbryo soc-

Haploid nucleus with-

in he embryo sac

divides thice b y milosis:
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Pollen Grairv
ﬁrmal/on

4 § malure pollen
O g1ain has 2 haploiol
0

ol nuclej .

o]0]v ~ 0]O |

]

HEUSER

Embryo Soc
Jormafion

A malure embyyo sac

has 8 haploid nuclei:
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%Wﬂs % Polten Svacm favm—

> melosis S
%(M/}&QCNOMWW /MIVU

é:"m’ace g z‘c‘&z//y d%@'cﬂé /g

D/ﬁ@tm’s ajoGenesis " [Rllen 9vafn formate
49 7 Md/wz ?bem hoe. one ; 1. Matere Pd/m Sva
O hapbd nucleus | has m/ch,/oc’d nalCh;
Wl 2 Mo oers bepre |2 NEESS gadrs bobr
1Ve; 65 1 /g’“’b“‘ /
k 1 3- Fdley mothey C€
@ > ﬂ‘mfey meltboczts | Undergoes meioses

. ¥ 007@,7933 l/s ()nbyo Sac /nmraf?o'?
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3 Fig. 3.1 shows the structure of part of a seminiferous tubule of a human testis

E 5py:rnﬂf17 o

/)rm’v flb

(a) NamecellsEtoH =
e .8 a/gbn(un?
céonica jhma/mjk
G &
H %gj@& &/l
(b) Describe how cell F is produced from cell E in the process of spermatogenesis
£.9 der) 1 ad??oz‘a’. Aerm el
x c/fu‘ﬂr & a ot s¢’ (horeae
/l’) SQC
51 .. va xwm ke
¥ /1»’/ ;;7 //hfv/m/oaj/v: Yrdberfoks

[47.10)

x.[o ﬁrm bc;ﬁofa/ mawéy /éwmfocy

(4]

(4]

ofo]- ~ ol S g

[Total: 8]
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Inherited Change

¥ Homvlagous chromosomes
¥ Shter “€, nonser chromatids

* Ovemtew of meios
0. 0o —7 Me/os’s T
d A/e’ BE > mejosis I

¥ /\/e/%sv?s and jme[é’: varQkn
& é}ame@renes& . mammals
— -/4bermal7meu}
—> @enecz_c
A § ame flyf‘ngs& n plans
— pollen jmi’n /%rmac"‘bt
> emyo £q¢ /"ormab"on

DD N

With
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UNIT 16: Inherited Change

L_earning ODbjectives:

e Monohybrid inheritance |

Video Lecture 5 Slides
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Biology Department
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3 Flowers of the common moring-glory plant, [pomoea purpurea, can have several different
phenotypes. An example of these flowers is shown in Fig. 3.1

Fig. 3.1
Flower colour in /. purpurea is controlled by two genes on different chromosomes.
Gene R/r, which codes for a protein involved in pigment production, has 2 alleles

. the dominant allele, R, allows pigment production
* the recessive allele, r, prevents pigment production of any colour, resulting in white flowers.

Gene T/, which determines the type of pigment produced, has two alleles:

o 5
epistasis
* the dominant allele, T, results in purple flowers
—

. the recessive allele, t, results in red flowers

(a) (i) Define the term allele

(- AU ed i ...

(ii) Suggest ways

Pagez 1



Code: A2B- Inherited Change
Mohammad Hussham Arshad, MD

HEUSER

(b) Complete Fig. 3.2 to show the results of a cross between two /. purpurea plants that are
heterozygous at both loci.

parental EY 7(& X ,@V Tt

genotypes:

= @O RO

results of cross:
« show parental gametes in first column and top row
« show offspring genotypes and phenotypes in square boxes

parental

gamelei—> Rr ,Qb i i r&

R Rerr RRTe A-TT RTE
L PPl pame | VDle| [Mrple

Rt PRTEH RRr | ReTt | Ryt
Pl | red | purple ved

el | BT AT |mrTT| nTE
. ﬂ(-('}][( M{ ‘\/h"/'(‘ ‘U/Zz/e

vt BTE Gt | e | TrEt
| pupe | ved | white | whiit

ot ? 3 4
pvtrplc : red ¢ Whitk

Fig. 3.2
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2 The patty pan squash plant, Cucurbita pepo, produces edible fruits that vary in colour.

(a) The colour of the fruits is controlled by two genes, Ala and B/b, that occur on different
chromosomes.

Allele A produces a white fruit colour.

Allele a does not produce a colour by itself but allows the colours coded by gene
B/b to show in the phenotype.

Allele B produces a yellow fruit colour

Allele b produces a green fruit colour

In a dihybrid cross, an AABB plant was crossed with an aabb plant. All the resulting F1
plants produced white fruits.

The F1 plants were then crossed with each other to obtain the F2 generation.

(i) Complete Fig. 2.1 with the gametes produced by the F1 parents, the F2 genotypes and
the F2 phenotypes.

State the ratio of fruit colours in the F2 offspring.

F1 parents: AaBb x

Aa AaldL
Atsg | Apee | Acai | 7
AARL | AAbh AaBb | /10bb
W w w w
AaBB | AaBb | 2aBB | aalb
w A;u Ve//éi-’;o | er/a:b
0, aa aq
A;gb wbb yaled | gveen

ratio of fruit colours in F2 offspring .
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Test crosses were carried out on two white-fruited plants, P and Q, from the F2
generation. Each of these plants had its female flowers pollinated with pollen from a
green-fruited plant

For plant P, half of the offspring were white and half were yellow
For plant Q, half of the offspring were white and half were green

Deduce the genotypes of plants P and Q

plant P Aq gB
plant Q ... Aq bb

Plants P and Q show genetic variation with respect to fruit colour alleles

Identify the process that occurred during meiosis in the F1 parents that produced this
variation and the stage of meiosis at which it occurred

— ﬁ)dzo/brm'm[’ assoviment

stage of meiosis me"ﬂ/)/ﬂS?’ I
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2 The summer squash plant, Cucurbita pepo, produces edible fruits that vary in shape.
Fig. 2.1 shows the fruits of three different varieties of squash plants

CR

Patty pan Di Nizza Alfresco
(disc-shaped) (spherical) (long)

Fig. 2.1

Fruit shape in squashes is controlled by two genes, Ala and B/b, that are located on different
chromosomes

A disc-shaped fruit is produced when both dominant alleles, A and B, are present

A spherical fruit is produced when either allele A or allele B is present, but not if both A and
B are present

A long fruit is produced when both allele A and allele B are absent

(a) (i) Table 2.1 shows the possible genotypes of the Patty pan and Alfresco varieties
Complete Table 2.1 to show the possible genotypes of the Di Nizza variety
Table 2.1

variety possible genotypes

Patty pan
(disc-shaped)

ohorca | Aakb  AABL  aaBh  aoBB

Alfresco
(long)
1
(cobb) 1l

(ii) A gardener used pollen from a male flower of Alfresco to pollinate a female flower of
#-Di Nizza. The gardener grew the seeds produced from this cross and found that half the

offspring pr d spherical fruits and half produced long fruits - o i
Draw one genetic diagram to explain this result

Sphtrlw *x / °”9
parent genotypes Aabb ao b_b

gametes

AABB AaBB AABb AaBb

ab

offspring

genotypes aabb

offspring

phenotypes s /OW
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The offspring show genetic variation with respect to fruit shape alleles.

Name the process that occurred during meiosis in the parents that produced this variation
and state the stage of meiosis at which it occurred.

process I%JQ/ZPMW(L Y aSSQ)\/Wn r

stage of meiosis apmase. ... —— n— S —— 2]
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(b) Flower colour is important in sexual reproduction of insect-pollinated plants.

In the rosy periwinkle, Catharanthus roseus, flower colour is controlled by three genes, R/,
D/d and P/p, which interact together to control flower colour.

Fig. 4.1 is a drawing of a rosy periwinkle.

red eye
(centre of flower)

Fig. 4.1

The presence of the R allele results in a red pigment in the centre of the flower (red eye).

The D allele and the P allele are only expressed when the R allele is present.
—

* When the D allele and the R allele are present, the flower has dark pink petals with
ared eye.
When the P allele and the R allele are present, the flower has pale pink petals with
ared eye.
When the D allele, the P allele and the R allele are all present, the flower has dark
pink petals with a red eye.
The recessive alleles r, d and p result in no pigments being produced and the flower
has white petals and no red eye.

Deduce the phenotypes of these rosy periwinkle genotypes.
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(b) Normal (wild-type) goats have a gold and black coat colour pattern, known as bezoar, and
are also horned (have horns). Domestic goats may have a white coat and may be hornless
(do not have horns).

These variations are coded for by two unlinked genes:

* white coat colour, coded for by the dominant allele of the gene A/a
* hornless, coded by the dominant allele of the gene H/h

A cross between a white hornless goat and a bezoar horned goat produced offspring of four
different phenotypes. ax /)h_
—————————

Draw a genetic diagram to show the genotypes of the two parents, their gametes and the

m offspring, and the phenotypes of the offspring.

> White, homless bezear, horreo)
&

<

Jrpe of parens : AHh X aghh
P Aass T

jf/’oy/)f fﬁamefrs : AH An aH ah an

h
0[?5/7”‘}77?7%: 4461/1 40\6/7 44/7‘/) aq /)
white,  tohtk, bexat, by,

0 %7 fher)%: homtess  fomed  hornless  homed
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2 (a) In the sweet pea plant, Lathyrus odoratus, one gene codes for flower colour and one gene
codes for pollen grain shape.
Flower colour is either purple or red. Pollen grain shape is either long or round.
The inheritance of these genes is an example of autosomal linkage.

. The allele F for purple flowers is dominant over the allele f for red flowers.
* The allele G for long pollen grains is dominant over allele g for round pollen grains.

Explain the meaning of the term autosomal linkage.

are on *he Sare /o
L. chro

[ the. chyomesames. are INOT 24 Chrt
................................................................... (./__6>(;_G) [1[7)('[3)[2]

A dihybrid cross was carried out between homozygous dominant and homozygous recessive
sweet pea plant parents to produce the F1 generation. C FG ) C f?)

The offspring from the F1 generation were crossed to produce the F2 generation.

(i) Draw a genetic diagram to show a dihybrid cross between two offspring from the F1
generation.

Assume that these genes are closely linked and that there are no crossing over events.

//%)(fy) x (R) ()

N3
(F&) ()

(%)(R) (/) (/) (RIS (Bl
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(i) The actual results of the dihybrid cross are shown in Table 2.1.

Table 2.1

phenotypes of F2 offspring number of
individuals
purple flowers, long pollen grains 284

purple flowers, round pollen grains 21

red flowers, long pollen grains 21

red flowers, round pollen grains 55

State how the results support the fact that this is an example of autosomal linkage.

In a test cross, an individual of known genotype is crossed with an individual that has a
dominant phenotype but unknown genotype.

State the genotype of the known individual in a test cross.
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(ii) A test cross was carried out with sweet pea plants known to be heterozygous for both
flower colour and pollen grain shape.

The results of the test cross are shown in Table 2.2.

Table 2.2

phenotypes of offspring of test | number of
cross individuals

purple flowers, long pollen grains 215

purple flowers, round pollen grains 30

red flowers, long pollen grains 32

red flowers, round pollen grains

The result of a test cross can be used to determine a crossover value (COV).
A crossover value is the percentage of the total number of offspring showing recombination.

The crossover value (COV) can be calculated using the formula shown in Fig. 2.1.

CcOvV = -number of recombinants
total number of individuals

Fig. 2.1

Calculate the COV from the results shown in Table 2.2.

QoY = 62 X100
4 /9 =
COV= ... /’??‘ ........................... % [1)

(iii) Suggest what information about the relative distance between the linked genes can be

gained from crossover values.
7(%@:

LA Close. 0gcther........ e (]
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Fig. 5.1 shows a cat displaying the recessive phenotype for two unlinked genes.

H/h controls hair length. The allele for short hair is dominant to the allele for long hair.

R/r controls coat pattern. The allele for ‘full colour’, with pigment on all parts of the body, is
dominant to the allele for ‘pointed’, where the pigment is restricted to the ears, face, paws and
tail.

Fig. 5.1

Draw a genetic diagram to predict the offspring genotypes and phenotypes when the cat in
Fig. 5.1 is crossed with a cat that is heterozygous for the hair length gene and heterozygous
for the coat pattern gene.

parent phenotypes: S‘/D 7’[' /na/°f, /o ni M/);
£ull colpur Pointed

wenigroees AP, X hAYY
2 T

UR Hr R hr hr

F1 genotypes: \
ke Hhve € hhvr

F1 phenotypes: iﬁi’/{{;‘ '-gh?t’[li:(;g /’0‘7 /ZJJ/’ /OZ‘,:::«;/?
Ll poin Jull Aor /

Coloy ol

gametes:
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Scallops, which are bivalve molluscs, are important commercially throughout the world. The
marine bay scallop, Agropecten irradians, has three distinct shell colours, yellow, orange and
black. The shell colour is controlled by a gene with three alleles, yellow, SY, orange, S°, and
black, S°.

Scallops are hermaphrodite and are able to fertilise themselves to produce offspring.

Single mature adult specimens of yellow, orange and black scallops were collected and kept
in separate tanks of seawater until they produced young. The young were then scored for
shell colour. The results were as follows.

yellow scallop — 25 yellow and 8 blackX
orange scallop — 31 orange and 9 black |~
black scallop — 27 black (_—

(a) Explain the results from the orange and black scallops, using the symbols given.
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7  The fruit fly, Drosophila melanogaster, has many phenotypic variations and has been used in
experiments to demonstrate the principles of inheritance.

(a) The majority of fruit flies have red eyes but there is a variant with white eyes.

Fig. 7.1 shows the red-eyed and white-eyed variants of the fruit fly.

Fig.7.1
The gene for eye colour is located on the X chromosome.

Using suitable symbols, draw a genetic diagram to show the possible offspring of a
cross between a heterozygous red-eyed female fruit fly with a white-eyed male fruit fly.

key to symbols:

............ X% = 1adallefe

parental
phenotypes red-eyed female white-eyed male

ponctpes XEXT Xy

gametes XR Xr Xr y
e | JCEFT|| XAk || XX || XF

zzz‘r)),oﬂrﬁ)es Ved‘CYf d Aﬁd—(ﬂ?’ ‘ st W(d (A)(,q',({ W
fmu/e mMale 7@”5( le male s
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(b) One of the genes controlling the clotting of blood in humans is also located on the X
chromosome. A rare variation of the gene, a recessive allele for haemophilia, can lead
to a condition where the blood fails to clot properly.

(i) State why a man who has haemophilia is unable to pass the condition on to his

Queen Victoria of Great Britain in the 19" century was a carrier of haemophilia, but

did not have the condition.

State the term used to describe the genotype of a carrier.

Neither of Queen Victoria's parents carried the allele for haemophilia.

Suggest how Queen Victoria could have become a carrier.
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7 (a) The stems of raspberry plants have spines.

Fig. 7.1 shows part of a raspberry plant.

spines

Fig. 7.1

The colour of the spines is controlled by two genes, A/a and B/b. The two genes are on
different pairs of chromosomes.

+ Allele A produces a pink anthocyanin pigment in the spines.

* Allele B has no effect by itself, but increases the colour produced by allele A to give
red spines.
Alleles a and b have no effect on colour.
In the absence of anthocyanin, the spines are green.

State the colour of the spines of raspberry plants with the genotypes Aabb and aaBB.
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(b) Plants with the genotype AaBb were crossed with plants with the genotype aabb. The
resulting seeds were sown and the seedlings grown until their stems developed spines

Use a genetic diagram to show the outcome of this cross, including the ratio of offspring
phenotypes.

oo grecn

X aabb

l

gameks A8 Ay aB otb

(c) Suggest why the ratio you have given in your genetic diagram would be different if the genes
A/a and B/b were on the same homologous pair of chromosomes.
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7 (a) Explain what is meant by the term heterozygous genotype.

(b) The budgerigar, Melopsittacus undulatus, is a small type of parrot that is native to
Australia.

Fig. 7.1 shows a budgerigar.

Fig. 7.1

A budgerigar can have blue, green, yellow or white feathers.

Two genes, A/a and D/d, are involved in the inheritance of feather colour in budgerigars.

A bird which has at least one dominant allele A but is homozygous for d has blue

feathers. /(a dd /4,4(7'4’

A bird which has at least one dominant allele D but is homozygous for a has yellow
feathers. A& Dd aalDD

A bird with at least one dominant A allele and one dominant D allele has green

feathers. aq AC/ A—,4 Oc/ /44 00 /?A-DD

A bird that is homozygous for a and d has white feathers.

anqq
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]

HEUSER

(c) Two green-feathered budgerigars, heterozygous at both gene loci, were crossed.

Draw a genetic diagram of this cross to show the probability of producing offspring with
yellow feathers.

lmrcnlot( W/f_g-—a Aabd X AaDd

i Al .

A | A |a)
AADD AAnd | Aado

qreg) qree] )
/ & I

M0\ 4 | AaDd

/¢
Aa)D |Aabd | aadD
Jreen | 97 Yellow

Aa))d | Aadd oabd
qreel)

blue }/e//mé

7
/)wéa@(f'}/) Vells yafprer = 3//6
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* In pea plants , yellow colous of The seeds is
dominant o green colour - Seed colouy is

deleymined by a gene © 7 (wo alleles:
R — yellow
y - ﬂncn
(k)

Puve breedmtd pea planfs with yellow seeds

_weve crossed with pure- bvecdmﬂ peo Iolomrs

v ~EBl G N G

wifh green. s seeds- Al fhe o&’s)orm?g had

S ellow 5«0/: jhcse Seeds were grown otnd
[he Aesullant plans weve allowed lo self -
pollinale /:&/d;’;:;j 600 o /‘fspw’nys with
(he follo wing characleyistics:

Page 1 4



]

HEUSER

405 yellow seeds
195 green Seeds

2 We will sefer (o (hese Aesulls as (he

Pobserved ' Hesulls -

Q) - What were our ‘expecled Aesulls’
- We expecled Ihe o//.lerinys of throzyﬂous
: parcnfs o be in [he Aafro 3:1.
l Rr x j:‘
e
E R v R 7
=

kR R7 RLZL

O
4
>

Y?/?ow : greerv
S . 1
£ 90 ¢ 50
D= 4050 i /45
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¥Jn The case of 600 offsprings , ous ‘expecled’

numbers would have been:

ALY Gyreen
Z«jocdéd ()] 450 /50
Observed (0] 405 195

BE e - CEYS
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@ :Are [he “OBSERVED’numbers SIGNIFICANTLY

— 0

DIFFERENT from our ~EXPECTED’ numbers?
(el e ;

OR 1% ¥ X
%5 the J ffercncc jas(; DUE 70
CHANCE 7
x‘—le‘st can help us deleymine that I/
&

X X- (est is used To clefeymine (he X% valve

O

hich can hdp us ancwey if there /s a

iym'ﬁ'canf difference b(w Ihe obseyved and
@xpedéd numbeys
*Bc/are we calculale The X2-value ylet's
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[he obsewedlo)and cxpcclia/(c ) numbeys’

O We will ’ne/'ect The null hmooﬁvcsis 't
”ic XI" Value aJCC"[a/hg ‘fhc]e IS O Jig’"ﬂl
cont clifference -

& T e
We will accept e null hWJofhcus’ I

& . . S
, G}/Fc X’- value ascertains theve 71s no signifi-

!(amt diffevence - The differne s dlue by chanee
[E} Now, let's clelexmine [he x*- value :
XZ= 2 (0—5)2

E
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¥ ;/or ouy cose ,

Vellow | Green

0 405 195
é 4s0 /150

(0-¢) | -4S $48
(0-€)’| 2025 | Ao02¢

(0-¢ )Zc 45 13-5

Xt £(451135) =15,

> BNE)

B/ What's he next slep
@})'- Delesmine [he deﬂrees of freedom (v)
for this case -

( V)dc?rea of frcedom = Nn-1
* Where n=no - of (a/égorl'es
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* lhe diffevent phenolypes are Ihe Calégories
in [his case -
Jhevefore, v= 3-1 -1,

A Mow we have [he — X*- value = (8

™ \ V=1
y .
&4+ We will now move lo e X°- abfle for

om final answer.
0-’ What rs a X’-table >
7[}5 : It shows fhe dishibution of X% values

for various degrees of freedom and p-values
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Probability

frees of |
‘eedom 0.90 . 0.30 0.20

2.7 3.8 664 1083
4.60 06 921 1382
6.26 B2 1134 1627
7.78 ¢ 1828 1847
.24 ' 16,00 2052
10.64 2. 1681 22.46
12,02 4. 1B48 2432
13.36 4 20,090 262
14.68 . 2167 2788
156.99 of 23.21 29.59

Nonsignificant Significant

¥A76€OL the null hybothesis
¥ flere i a eanlflcant deffertce
befwcen obs: 8«76 résy
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The fruit fly, Drosophila melanogaster, has eyes, a striped abdomen and wings longer than its
abdomen. This is called a ‘wild-type' fly.

Mutation has resulted in many variations of these features.

Table 6.1 shows diagrams of a wild-type fly and three other flies, each of which shows one

recessive mutation.

@

m
PNETERSr e

(a) Using appropriate symbols, complete the genetic diagram below.

Table 6.1

symbols

y el
parental witheyes X no eyes
phenotypes black abdomen striped abdomen

vec. \

parental

genotypes Ee. aa. ee Aa

gametes Ea ea e /4 ca
offspring

genotypes EQ aq C 804
4 b

FeAa ei Az

&
offspring with eyes no eyes with eyes no eyes
phenotypes black abdomen black abdomen striped abdomen striped abdomen

(4]
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(c) A cross was carried out between a fly heterozygous for striped abdomen and long wings and
a fly with a black abdomen and short wings.
Y % (agcou> ) (4a M,)

The results are shown below in Table 6.2.

Table 6.2

Aahw aawo

offspring

@ striped abdomen
long wing

black abdomen
long wing
striped abdomen
short wing
black abdomen
short wing

total 332

A chi-squared test (x2) was carried out on these data.
Complete Table 6.3 and calculate the value of 2.

Table 6.3

observed expected
number (O) | number (E)

O-E
86
87
81

78

2 = sum of...
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probability
degrees of freedom - v .
0.50 0.20 0.10 0.05 0.02 0.01 0.001

@ ¥ 7237 |a6s 625 984 | 1134 | 162775

Using Table 6.4, explain what conclusions can be made about the results of the %2 test.

F. X ralke. s e ker 1han The ordtad. value .
.......... (784)W°Cﬁ®“$/23ﬂdsp>009

°ro

(d) Table 6.4 shows %“ values. -
m Table 6.4 )( =0-65
y :
1%
<

e Okserved and e
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2 A maize plant produced a total of 381 grains, 216 purple and smooth, 79 purple and
shrunken, 65 yellow and smooth and 21 yellow and shrunken.

(a) Using the symbols A for purple and a for yellow and B for smooth and b for shrunken,
draw a genetic diagram to explain these results.

W’M’éﬂig@%: LaBb x Aa Bb
/mm&/\(mgxg) . AB Ab aB ab

AB | Ab al | ab

]

(4]
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A chi-squared test was carried out to test the significance of the differences between the

observed and expected results.

Table 2.1

grain observed ' observed | expected expected
phenotype| number ratio ratio number

purple and

smooth 216 10.3 381 x 9/16 = 214

purple and

79 3.8 381 x3/16 =71
shrunken

& yellow and 65 3.1
smooth

yellow and

é) shrunken

total chi square
{Z} number 381 value

1.0

<

(c) Complete the missing spaces in the Table 2.1

Table 2.2

[obs no. — exp no.J?
+ expected no.

4/214 = 0.019

64/71 = 0.901

probability greater than

degrees of freedom | 0.50 | 0.20 0.10‘0._95 0.02 | 0.01 | 0.001

3 237 | 464 | 6.25 9.84 | 11.34|16.27

(d) Use the calculated values of chi-squared test and the table of probabilities to find the
probability of the observed ratio of phenotypes differing significantly from the expected.
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Gl WHUEN 72
@ % b d 0(_({’(? /'ﬁe"f 7S
a {;7m/%cmt‘ dzf,@mvce ba) rhe

observed (0) oncl the 517[&(/«/ () ek
X _when the dara %'dBcrese

& fow 2
/)Q (D Mate a nai ’yfdﬁe&}
@ Catcwake the X tnlye

O Determire the ol eree of froaom (df)
@Coﬂsuh‘- ﬁ.f i {-ab/c/

Molol - oo 16

Va ( y 1he /b / v /r dF D= 0-05
ft fnfiees rat” p<0:05, ’7' Inpres %hd( > 0. 0_6'
—> gk the null hypoters A/ the /)u//
— fhere 1€ Q Sgréfant ot —->No ggnf 4,,,/_
&S fhe O and € 1&su/s Oama( 5q[éf
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Melanism (dark-coloured wings) in a species of moth is controlled by a gene with two alleles. The
dominant allele codes for the melanic form and the recessive allele codes for the non-melanic
form (pale, speckled wings). Birds are a predator of this species.

The melanic form is better camouflaged in areas polluted by carbon deposits from smoke. The
non-melanic form is better camouflaged in areas unpolluted by smoke.
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(e) The investigators carried out test crosses by breeding a heterozygous male melanic moth with
several female non-melanic moths. The number of moths of each form in the next generation

was recorded. N9 mm

\A‘elamc 9
\~Ton-melanic ‘I, M @r @M
m) 3
(i) Complete Table 2.1 to calculate the chi-squared (%°) va or de ining whether or
not these results were significantly different from those expected for crosses of this type.
The formula for calculating % is:
v=c—-1

v = degrees of freedom ¢ = number of classes

: 0-E)?
category 0 ) ( [_,I )

melanic 56 52 O-3 (

&

Y Table 2.1
&

O

<

non-melanic 5 & 031
X
0= O 062
(i) Table 2.2 shows some critical values for %2 at different probabilities.
Table 2.2

degrees of probability

freedom | 099 0.95 0.90 0.10 0.01 | 0.001

@ 0.0002 | 0.0039 | 0.0158 2.706 3.841 6.635 10.827
0.0201 | 0.1026 | 0.2107 4.605 5.991 9.210 13.815

Use Table 2.2 to explain whether or not the % value calculated in Table 2.1 is significant.

X 2value.. cormestonts. . 78

Page 7



Code: A2B- Inherited Change
Mohammad Hussham Arshad, MD

HEUSER

Cereal crops are often sprayed with selective herbicides which can reduce the population of the
local wildlife. One method of helping to conserve wildlife is to leave a 6m strip, called a headland,
around fields where cereal crops are grown. The headland is not sprayed with any herbicides.

An investigation was carried out into the effect on the butterfly populations of leaving headlands
unsprayed.

Two groups of 20 fields growing the same cereal crop were studied.

The headlands of one group of 20 fields were left unsprayed by herbicide.

The headlands of the other group of 20 fields were sprayed with herbicide.

The total number of each species of butterfly was counted in each group of 20 fields.

A chi-squared (%) test was used to find out if the differences in the butterfly populations
were significant.

(a) State two variables that were standardised in this investigation.

1 umbed of. (Rl SIUABED. ...
S

(b) (i) State areason why the chi-squared (y?) test is suitable to use for comparing the butterfly
populations.

InGErant- ol\feren e
/fusco/?e /reodfon

(ili) Table 2.1 shows the results for one of the species of butterfly, species Q.

Complete Table 2.1 to calculate the value of 72 using the equation below.

O = observed result
E = expected result
v = degrees of freedom

5
y2-(O-E)*
¢ = number of classes

Table 2.1

species Q (0]

number on headland
sprayed with herbicide

number on headland not - .
sprayed with herbicide O\QQQ /((’ [/S

o78-7.
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Table 2.2 shows some chi-squared (x?) values.

degrees of freedom
0.10

2.7
2 4.61
3 6.25

Table 2.2

<. O <]
0.001

10.83 —> 2$5'-9
13.82
16.27

(iv) State the critical value at p < 0.05 for this chi-squared test. .......... 3'&4 ................... (1]

v)

State what you conclude from the result of the chi-squared test for species Q.

nce. U e baﬁl{%
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3 (a) Grassland, grazed by goats, was compared to grassland ungrazed for varying amounts
of time. Moths were trapped, their numbers counted and then the moths were released.
The effect of grazing on a species of rare moth was investigated. A chi-squared (Xi’)
test was used to test the significance of the results obtained.

(i) S'tatethgnnﬁ pothes Vle /% 1“!‘_ WU/CY/\%'?QC
l?%)’f:'q .......... ;Zzw:d and). unsyar: ed. /a.r.d_.../ cfmj

(ii) Complete Table 3.1 to calculate the value of X from the equatlon below

2 _ Z (O-E)®2 O =Observed result
= E = Expected result

Table 3.1

site

grazed for 2 years

ungrazed for 10 years

&
%

&

&
<

ungrazed for 30 years

>

Table 3.2 shows some chi-squared values.

Q Table 3.2

probability greater than
degrees of freedom | T , . G—\ A
. @ —9 0.01 001 | X0-00f

1 . 3.84 6.64 10.83

©) . [5.99] — 921 — 51382—539.9
3 ; 7.82 11.34 16.27

4 9.49 13.28 18.46
0 : 18.31 23.21 29.59

20 : 31.41 37.57 45.31
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State the number of degrees of freedom. 02 ................................................... (1]

Explain the significance of these results and suggest the consequences to this
species of moth if grazing land is increased.

. ...0...CVIZZT..¢’M...QG..ﬁﬁ/@ﬁ‘(@f&
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7 (a) The fruit fly, Drosophila melanogaster, feeds on sugars found in damaged fruits. A fly
with normal features is called a wild type. It has a striped body and its wings are longer
than its abdomen. There are mutant variations such as an ebony coloured body or
vestigial wings. These three types of fly are shown in Fig. 7.1.

wild type ebony body /_}_
=

A — ebony b
Fig.7.1 13— bry vings
b = shovt witgs
Wild type features are coded for by dominant alleles, A for wild type body and B for wild
type wings.

Explain what is meant by the terms allele and dominant.

Page 1 2
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(b) Two wild type fruit flies were crossed. Each had alleles A and B and carried alleles for
ebony body and vestigial wings.

Draw a genetic diagram to show the possible offspring of this cross.
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(c) When the two heterozygous fruit flies in (b) were crossed, 384 eggs hatched and
developed into adult flies.

A chi-squared (x°) test was carried out to test the significance of the differences between
observed and expected results.

x?=X (0 -E)?
E

where X =sum of
O = observed value
E = expected value

(i) Complete the missing values in Table 7.1.

Table 7.1

phenotypes of Drosophila melanogaster

grey body grey body ebony body ebony body
long wing vestigial wing long wing vestigial wing

observed

number (O) 207 79 68 30

expected
ratio

expected
number (E)

O-E

(O-E)?

(O-E)*
E

(ii) Calculate the value for x2.
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Table 7.2 relates ¥ values to probability values.

As four classes of data were counted the number of degrees of freedom was
4-1 = 3. Table 7.2 gives values of 3 where there are three degrees of freedom.

Table 7.2

probability greater than 0.50 0.20 0.10 0.01 0.001

values for y2 2.37¢+4.64 625 7.82 | 11.34 | 16.27

——

2-75
(iii) Using your value for 2, and Table 7.2, explain whether or not the observed results
were significantly different from the expected results.

...... X2 valee ... ouesorx
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¥ mn/ro//(°/7 fhe WM

Hansc Y‘z’g%n + NYQlkaton

¥ 1S achieved ofa honsodin /ac/m
AL

2 @f__z; — > SHIY ones
A f
/gqu ;bj ng &s

BEEEN

(o Yoleiry
Which conkal e

et 2
Viicd
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g’zene Conliol

@ Gene conliol sefers fo The conliol of gene
expmsion in cells.

() Gene conliol is essential so that 'oro/ém;

G

¥ 7¢ /Droduced in._appropriale riuantl'fr'es at

afpvolbn'a le fimes n o Spe cific cell -
3)

conlrol gene expression..

Jronscription faclJrs are Io7o/éins which

E

@) Jhe /arﬂer The genome, The ?reaTcr lhe

number of genes which code for Iranscri-
plion faclozs -
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@) Genes can be classified jnlo fhe /ollowm7
Iwo /”'/Jes :
A) S/raclural yenes, which code for/m'olim_c

that are needed for a /uncﬁonal r0le
&

rw'fhin the cell, for e-q-enzymes £ hormones
& B)/chu/alo_r/ fenes which code f°7 profeins
iﬂmt A%m/ate lhe cx/owesion of lhe oTher

Bgenes (such as [tanseription  faclors)
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(lacse o/mn)

A

facY | lac A l O

ool ~ ole g
\k_.
5
G

l T
\‘pm(lofgm facZ

\,l,,\/I
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part of the

bacterium’s DNA

promoter for
regulatory

gene requlatory

/

/
/

gene

7 -4

lac operon

—

|
promoter for operator
structural genes

gene

/A4

7 | lacZ | IaclY | lacA

-galactoside
permease gene

B-galactosidase [-galactoside

transacetylase gene

structural genes

HEUSER

The regulatory gene codes for the
lac repressor protein.
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No lactose:

When lactose is absent, the /ac repressor binds tightly to the
operator. It gets in RNA polymerase’s way, preventing transcription.

Promoter

RNA Polymerase)(ﬂ Repressor

With lactose:

Allolactose (rearranged lactose) binds to the /ac repressor and makes it
let go of the operator. RNA polymerase can now transcribe the operon.

Promoter
e e

—

RNA POlYyMErase gy

Repressor
Allolactose

Pagez 1
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ZLac Opeon : Gene (onlrol in Prokaryoles

NSNS SN

*An operon is a length of DNA which
contains a clusler of genes and serves as
a unit of gene expression
' A lac opevon conliols Ine expression of
enes which code /o 4 /)7o7em.c inwlved in
Woclose melabolism jn Ihe badlerium €-coli .

>
@t consisic of -
4) A Promoler sile To which the RNA

Polymevase binds .

8) An Operalor sile 5 which The aeprecsor
/)Yol-el'n binds.
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(\Three Slrucural Genes which include
Zac Z g ZacY,Lac A -
i)Lac Z codes for the engyme /9'90/06755'
idase
b""/ Kac Y codes for [he paolein Zaclose

Dermeace -

i) Lac A codes ﬁy The prolein Jrans -
@ace(y/asc-
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Aequlatory gene Slyuelural genes
ik 7 91 . s dbine)
'mu gnc om-
er |§ Oper-
;c{u oler ally 21Y |A

|

lae aloeron

@"4\‘7hc 4(.8(4/01/037(/ aenc (1 gen&) fes clote [
(he /)70m0/27 Jegion of e opeion and
? codes ]61 o. prolein known as [he Jepresso
& prolein -
E)- Pefressm' prolein is an allosleric Frol&in
which conbains [wo blhdfﬂ? giles:
() ﬁn attachment To (he o,Deraldr »egion of
fhe operon
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fi) for attachment fo (aclose -

x Jhe lac gpevon is Switched on in The
presence of (aclose and swilched off when

lac ldse s absent .

E‘ Jhis ensures that fhe baclerium €. coli
oes not synfﬁes/se (he pr¥eins wnen

H)e A/ are rof 4%/&/
El
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¥ Homologous chromosomes
# Shter V8, nonster chromatids

* Overfew oF meiost
o. 0 ﬁ 7’)’)8/051'5_2'
A A/e'o’“ T ~Pmeiosis I

)
r Melosis  ang jem[é’: varcQton
Y * Game fojenes& n. mammals
—> 75ermaf?c=ncu}
P %’L“Szx

X § ome Ib'ffﬂcj& n /a’a/)/s

—> /Jo//e/z jrm‘n ﬁarnm‘ﬁn

—> emyo £qc fbrm abon

* gonoy&n"q’ [nber@tance
X | ?h)/brﬂ:/ [nhevPtanae ™

With

Mohammad Hussham Arshad, MD
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(10

(1ocrese)

&,
7 //2’”?54/”; -/
g &
| | lacZ Ilac}j/cx/l] D
[ ."ll | -
S/w

T u’&/

ing
o //
fva»s—
Lequl KNA- 4qlact- Qeefflase
74| l)ﬁﬁ:”}’&ﬁ’ /? -7 sichse.

(actise 4
/bsi‘;”ﬂ Pgaeensige
(o vepyessn Il
m

N> DA birding site

\_«v fl «2. (._‘\
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Zac peron : Gene (onliol in in Prokaryoles

¥ An operon is a length of HNA which
conlains a clusfer of genes and serves as
a unit of gene expression

A A lac opevon conliols Ihe expression of

g genes which code for proleins included in

B ot consisie of

) A) A Promoler sile To which the RNA

loclose melabolism |n The baderia €-colr.

Polymeyase binds .

8) Mn Operalor sile I which The Aepressor
/0)'0/-em binds.
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(\Three Slrucural Genes which include
Zac Z g ZacY,Lac A -
i)Lac Z codes for the engyme /9'90/06755'
idase
b""/ Kac Y codes for [he paolein Zaclose

Dermeace -

i) Lac A codes ﬁy The prolein Jrans -
@ace(y/asc-
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Aequlatory gene Slyuelural genes
ik 7 91 . s dbine)
'mu gnc om-
er |§ Oper-
;c{u oler ally 21Y |A

|

lae aloeron

@"4\‘7hc 4(.8(4/01/037(/ aenc (1 gen&) fes clote [
(he /)70m0/27 Jegion of e opeion and
? codes ]61 o. prolein known as [he Jepresso
& prolein -
E)- Pefressm' prolein is an allosleric Frol&in
which conbains [wo blhdfﬂ? giles:
() ﬁn attachment To (he o,Deraldr »egion of
fhe operon
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fi) for attachment 1o (aclose -
x Jhe lac gpevon is Switched on in The
presence of (aclose and swilched off when

laclose s absent .

&)
a’ Jhis ensures that fhe baclerium & coli
8¥loes not synfﬁesise (he /orol'efn: neeclec

<

o7 laclose melobolism ehen ﬁky are NOT-
=) 4e7uﬁfd.
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» When laclose rs absent :
O Jhe lac Aepressoy /)70/&'/)1 binc/s (o [he

opcra/’o’r Jeyion :

&)@ Jhe promoler is blocked and KNA polym-

A erose can't bind o (he /ommolir -

O N\ |

6%3) S/raclural 7enes are fhere/ore NOT

M [ranscribed -

@Elq
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x When (aclose /s Ibmcnt:
@) Kaclose binds lo The Aepressor Ib7olein

causing ) change in ils .chaloe/a//osle'n'c

g cffect).
a'?)dhis change /'nshape unbinds [he Aefressor

om (he opaa/o'r fhereby unbloc/u’ny the

@/)romolix :
% RINA Ioo/ymemre con now bind o The

/)romola and [Tanscribe e slruclural

genes Rac Z , Xac Y and Zac A -
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@ tac Z codes for p- galaclosidace which
breaks down [aclose nlo p/ucose & ya/ac/o"u.

© *ac Y codes for Zacloce Peymease which

/s a [ransmembrane /)rofem lo allow up-

lla/ce of laclose /hrou?h The Ioho:phohlmol

b//aycr of &-coli-
4
MO Lac A codes /07 .77ansacel'ylase , Ihe

funclion of which is NoT clearly known.
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xI- ?ene 1S Q 'feyulalo;y 7enc which (s
e)(,m'essed at all frmes in a. cell- Sueh genes

Me saicd o have a. constitutive cxpm:/on

a N/ /Jrol' in IDroalucli of such aene: are

5 ercfore lemed as constitutive /DYO/éms-
4

& These proleins ate produced all the
BY'me becauce The cell needs fhem at all
fimes -
* Lac Aepressoy prolein is o constitutive

fm@h-
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¥ p- galaclosidase is on example of inducible

engyme -An engyme is Said o be inducible
@if (s /)roducﬂon is “swilched on’in the
Eomence of ils inducer ( usually ils subsly-
rc) Jn case of ﬁ-ﬁalacﬁm'da:c s loclose s
)

e induceyr.
E
By Unlike p- ga/aclb.sidasc > Some enzymes
are »clmessible -Thece cn(jymes oye lorod-
uced by lhe cell by de fault but theiy

/)roducﬁon can be .c{B/o/)cd in (he presence
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of o- sepressoy prolein -

* Jhe benefit of gene conlzol in prokayyoles
( using o lac operon for example ) is fhat

[he bacleria. does NOT wacle amino acids

&

0r ATP In f”nlhe.ciz/ny />rofcim NOT
needed b” fhe cell-

sla] - o] s
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Qwe Conlyol in Eukaryoles
[ Only 2o of 1he human DNA consislc of
gene cod:’nci 7’6r profeins with functional

sole- These are Slruclural genes .
&
4> Of (he semaining 98 7> , Some of fhe
/c ﬁ [ 5 f
SADNA consisle of regula lory feues anel

<

d conliol sequences (such as promolérs )

fhat conlrol gene expression -

Page 1 8
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¢ - How does o gene express (Iranccribe)

ll<elf in an eu/caryolé?
A//m " x Jramcri/alion is conlyolled by
”enem/ lramcu)of/'on fadc_)rs n eukaryo/é:-

Y These ﬂcneral /mmcnlohon ﬁc/ors bind

%%G’

i lo [he promoler region localed before fhe

lart of [he gene:

x Jhe enjyme RNA IDonmera.ce, fhereafler

bmds lo The /bromofér o /brm fhe

/?amcri/af/'on initiation complex([ranscupt-

fon /aclvrs + RNA /:o/ymem:e bound 1o
/Jromo/é'r)-
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x Jranscription of [he lemplale sfrand of

/e gene bcg/m once [He /rc'mscr/,'ah'on

Co mp/ex has assembled -

&x Jhe Aole of Iranseription ean be

0

fncreasec/ when fhe activalor profeins

G

b/'ncl lo enhancer sile on The DNA ((ocaled

>
@uloslieam) -

& pvomoﬁvl gene

o
&
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¥ enhancey : bindina Sile [or activaloy /J7ofein:
& Ioromolér : b/'ndin7 Sile /07 :
0, ycneml [ranscription fa Clo—"}/’lbmcn,'o-

@ RNA polymerase ~ fion
Initiatron
wmp lex

BEEXN
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@ :Which flenes code [or /"ranscr}oh'on /ﬁdo"rsg
e ,Qeiu/onléry lenes

olo]- -~ ol S
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HEUSER

Sex defeyminafiy

/5 achiered V1.
Mansexiphon

fo o

X
Oibberefline +
e 10fe 7
Sead gam nafo0
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Some examples of The sigmfr’mnce of

/ranscn})ﬁ'on fad5rs m euka 7yo/és are as

&
o

g.) Jesticulos o(e/ém?/'m'n? /zc/&r (TOF) s a

‘ollows :

anscn'/)h'on faclbr coded by lhe TDF gene
B, The Y chyomosome.- Jhis Iﬁnscnph‘on

faclor /s vesponsible 01 The delermination

of male sex /n humans.
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(2) Ceartain Ifanscription faclors codecl oy

tumoy supprescor fenes and for proloonco-

Jenes conlrol cell cyclc and g‘mwfh in

. cukarvoﬂc oryamsms :

.

BD Jranscripfion fac/o?s enable eukaryoles

0 A(.S/)Oﬂd lo exlernal environmental

fimuli by "swiz‘ch:'ny on’ 07 '.swifchm?
fo’ genes.
@Cerfw'n /)Iam‘ hormones such Qs

yibbcrelllm exert theiy eﬁcd’ vi. [ranccy-

:'/of/'on ﬁzc/&ys -
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PIF cannot bond to a gene promoter Gibberellin bonds with a
while it is bound to a DELLA protein. receptor and an enzyme.
This initiates the destruction
- gibberellin of the DELLA protein,

~ gibberellin
receptor

Q ~ DELLA e enzyme

3 PIF can now bind with the promoter
and transcription can be initated.

transcription
B — e

HEUSER
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SEED GERMINATION g ROLE OF GIBBERELINS

NN

- Gubberellins ave 7ecpontible for ,bramoﬁni
seed! 0erminaﬁon by enabling fhe [rancer

& iption of Ihe 0ene which codes fn the
0
o(- amyla,re enﬂmc-

i} -Grbberelling corry out 1his effect by

7omof1’n9v the deslruction of DELLA Iom/?/hs

Bk innibi a lranscription faclor from
bl'nd/'nﬂ lo The })romol?t of The «- amV/ase

iMC-
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2- Jhe Iranscription ﬁzc/br /s The /)hylodn'omc
/'nlémcﬁng faclor (PIF) which js inhibiled
when -bound lo DELLA /0707el'm :

gy Gibberelling bind 1o heiy seceplors andl

cﬁmlé an enjyme which causes The

O

1eakolown of DELLA Ibroleim ,fhereby

@nabl/nﬂ the PIF o /JmmoTe The l}anscrl'/)-

tion of o~ amylose gere by b/'no/in7 lo

lhe gene /ﬂomo/é'r -
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PIF cannot bond to a gene promoter Gibberellin bonds with a
while itis bound to a DELLA protein. receptor and an enzyme

/F
‘
~

" gibberellin
receptor

O DELLA

T PIF

; This initiates the destruction
gibberellin of the DELLA protein.

" enzyme

3 PIF can now bind with the promoter
and transcription can be initated.

transcription
e

HEUSER
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¥ Homologous chromosomes
# Shter V8, nonster chromatids

* Overfew oF meiost
o. 0 ﬁ 7’)’)8/051'5_2'
A A/e'o’“ T ~Pmeiosis I

)
r Melosis  ang jem[é’: varcQton
Y * Game fojenes& n. mammals
—> 75ermaf?c=ncu}
P %’L“Szx

X § ome Ib'ffﬂcj& n /a’a/)/s

—> /Jo//e/z jrm‘n ﬁarnm‘ﬁn

—> emyo £qc fbrm abon

* gonoy&n"q’ [nber@tance
X | ?h)/brﬂ:/ [nhevPtanae ™

With

Mohammad Hussham Arshad, MD
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Mutations and thanges in Phenolype
@ Mutations ave clasifie mlbc; Gene Mulation

Chvomosomal
Mutatzons

@ We odiscussed gene mutations in detai

45) Chvomosomal mutation refers o a change
O

Min lhe slvuclure o7 whole number of

>
@</ 1omosomes - Evamples of diseases which

/;csult due o a chromosomal mutation

ave: @ Down's Syndyome (47 chvomosomes-
exlra chromosome 21)
® Jurner's Syndrome ( 45 chvomosomes -

one less X chromosome in females)
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O: Lescribe fhe ways by which gene mutalion
can oceu ? (6]

Ans: A gene mutation js defined as an
alley ation in The <equence of nucleolides

&2. of o pavticulas gene which may allex
c? lhe primary Shuclure of Ihe Polwbe,/){lde
IJ’herc ave three different lypes of gene
;

B mulations , namely : 1) Base substitution
B which involves replacement of o noymal

nucleotidle with oo mulant nucleotide

having o. different base
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2) Pase addition which involves addition

of one or move nucleotides in a pavticulos
g
3) Base deletion which involves Aemoval

&
{ one or move nucleotidles from o partic-

{E} /aY gm& ’

<

Wase oaddition and base deletion may (ead
/5 frameshift mutation - Jhese mutations

oCCUy dun‘ny DNA 1¢eplication which leads
lo formation of mulant allele - M Times

& gene mutation. may Aesult due (o a
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Spontaneous (andom) event such as
exposuve 1o /'on'm'nﬂ or ullzaviolet »adiation:

¥ We will be dl;(cascmg Ihree diseaces as

examp/cs of gme mutabsns

84/ Sickle cell Anaemia (ayhgomal cecesstve)
<

M2) /Hbinism (@uncomal aeesfre)

% ) Hunﬁngfon'; disease (autesomal dominant )
@
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Sickee CELL DiSEASE

2 Js an aulosoma] recessive disorder .

yResulls odue o gere mutalion which

Involves base Substibubtion -
&

¥ Mutation occurs in lhe genc that codes
/07 the p-globin polypeptide of Ihe profein
<> Hmemoglobin-
Op Jhe sixth amino acicl in fhe normot

|
ﬂ - globin chair 1s glutamic acid coded

6y he lviplet CTC-A bage subgstitution

change: CTL lo CAC whith code f07
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amino ocio Valine -
x Glutamic acid is hydrophilic while valine
s hydrophobic - Jhis Chanye in nalure of
amino aciol causes haemoglobin [5 become
yless soluble and precipitale when not
bound lo ox”en-Jhac haemoglobin
molecules stick with each othey T5 form

/on? frores which exert o pull on The

BEEEXN

RBC membrone caus'/'nf therv o become

Sickle- Shoped! -

Page 1 O



]

HEUSER

¥ Jhe siclle- sha,oeal £BC<s have secluced
oxygenr ‘“"’V’”ﬂ capacity 4heveby causir7
Sympl:;ms of Anaemio -

& J'/‘ﬁns andl symploms include fatique,

ahoﬂhcss of breath and myocardial

? farclions in severe caces.
B Allele which cauces Sickle cell anaemia,

O
Hb*> wheveas Ine novmal allele is Hb"-

¥ Individuals with sickle cell anoemio

have [he 9enoly",oe HbSHbLS.
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¥ Indivicduals with Hb?HpS ﬁeno?—pe have
Sickle cell [rai€ -Jhese indivicduale have
some  Sickle- Shaped R8Cs in Theiy blood
but don't develop signs and Jymplé'mx

' of sickle cell anoemion -

g Individuals with genogpe Hb”Hb* have

i 0 sickle- shaped RBCs in Mhers blvod -

[®) Jre sickle cell allele js now common
m/Ja'ﬂk of- the world where maloyio. is

enclemic because indivicuals with Sickle

cedl lrait are lese Il'keJy o dre due (o

Complications of malaripn-
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.

en me essentia(
? ﬁriy/méuch‘bn of (r?:e/anﬁ»zl'

Mutatin i TYR gene
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u‘)LB/'N/SM
X May aesult clue fo mainy ofifferent

mutations, most common of which is an

aubosomal Aecessive one.-

~he mutatlions occur in The gene (Tye

gene) which cocles fov engyme Tyrosinase

*J{t/)’o;rhase /s essentio/ /"m /owduch'on

Wf melanin in melanocyTes -

x\7/ros/na:e 1s o [Tansmembrane /)7076/17
present in lhe membyane of melonosomes

within e melanocyfes -
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* Jyrasinase /s involved in Ihe production
of melanin, through  the [o//om//'n% bip-
chemical pothway:

Iyrosri .
& Jyro.c/he — DOPA )'_rg’s/ gﬁqwnone

2 Iyrosinase \l/
&

melanin

The gene mutation which causes
O .. .
lbmum leads (0 [me pmduchon of
Inachive Jyrasﬁzase 07 No Jyros/hare at
ally which thereafley secluces o7 slops

melanin /Jroduch'on :
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x Jhe Jiﬂns ancl S:/mp/or;v.c o/’ albinism

mcludle :

A- Pale skin colour ancl pale haiy colour
dbm/}-r”l'nlc 07 I/'ght blue Ivis
g - Raprd movement of lhe eyes (nysfagmug
Y Poor vision

: -Phofophobia,

),
B Skin buns £ increacec susceptibility

of _ .
.Io skin Concers.
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(0: Znplain how The presence of a mulant

allele resulls in albiniem 2

As: Albinism. Is an aulosomal 7ecessiie
disease- 3t onlﬁ oceurs (n individuals
"'homozyyous for The mulant secessive
allele of (he ﬁenc Tve.
Jhe dominant oallele of (he TYR gene
Codes for o. functiona copy of lhe enzyme

lyrosinase -Jhis engyme 1s localed in e

BEEXN

membrane of organelles Kknown as

melanosomes. These organd/es are founel

n melanin /)rc)duu'n7 cells known s
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melanocyles ~Jyrosinase calalyses [he seackrons
In [he biochemical pathway involved in

Imoclucﬁ'on of melanin:
’}rosf' ase
i

J yro05ne — DOPA opaquinone
/}’7’03‘/"70“ ‘L

melanin

Jhe muloant secessive allele of TYR ﬂenc

codes for o non- functional Iyvasinase

ol0]- -~ ol S

which leads To Aeduced 07 no melanin
production.- Jhe phenolypic changes
assocoled with (he o/l;corder inclucle

fair skin and fair haiy colour
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JIUNTINGTON'S  DISEASE

W

x» 3¢ is an aulosomal dominant disorcler .
% Occurs oue o a /iilolet/}epeatmutatior»

m lhe gene HTT that codes for (he /)ro7em

untmﬁﬁn-ﬂh:s gene is pmcmf on chyom-

Jome numbey 4 .

> Most individuals with Hunfmgfons

g:hscasc are hele £vo3ygous therefore there
o 50(s lilelihood that o child boyn will

also have Hunh‘nol-on'; clisease .
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¥ Jhe lriplet »fcpeal’ mutationy mvolves o
large numbey of CAG repeals in an undlable

segmwt of e gene which codes [or [he

/Jro/'ein Hunh’ngﬂh-dhesc A(_pealz are also

Oleymed as Slatters .

4
Jheve's o 7oughly inverse correlation,

©
/w The no- of Aepeals and The age of
>
@)"<et of Hunl/'n7fon's disease-The grealey

@m numbty o{ )L/oeafs, [he earliey [he
age of onset-

% Symploms usually manifest at middle

a?e-
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¥ Siﬁns anal symplofns include :
A- Loss of brain cells
B £n/a19emcnt of bvain venTricles
¢ ﬂnvolum‘ary musculay movemenls

& [exmed as thorea-

D- Dementio. fmemory loss)

oo N g

N ¥ .ﬂunh’nyﬁn Is essentral for the noymal

= fancﬁbnin? of neurones.
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