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Cﬁﬂg JECHNOLOGY
* Gene Jechnolog y »e/trs o alleaation in
an organfd‘m < ﬁe.no(gpe which all€rs Pru?u'n
nthesis olurma franslation -

g’

= . . _

< Genetic Enﬂmccama 7efers To lransfer of
>

=)

&

penctic maleriod from one orgam&m I6;

nofher o ,Dracluce h"ﬁmformcd orgamlsm.s.




Proteins Produced vio Genefic anfnce;'m?
x Znamples of o. few proleins /omducec(
industrio fly via 3endr'c enﬂ'fnam'ng nclude:-
b__f ) Insulin

[) GQrowth Hormone
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Production of Human Insulin

x 3:507& insulin from ﬁemﬁcaﬂy modified

baclevio. became ovailable , people Wit

ydiabeles mellitus were [realed with insulin

)
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&
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{

)
&

extiacled from the pancreas of P’ﬁ’ o7 calile.
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I Exhackon Of hurman e _gene
v Jhe gent can be exlvacled 07 sﬂnfhe.cfzed

in different woigs which are summarised




(@ Zalyaction of mRNA f1om B-cells of the

Pancreqs

mRNA extracted
from tissue from
the pancreas

&y

wesis of cDNA

%

&

O
<

A strand

>
L

polymerase
sy nthosises
complementary
DNA strand

copy of human
gene for insulin

=lets of Langerhamns

FITan pancraa Here |
0 mRNA for insulin production
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shin 15 synithesnad in i colls

Ty

reverse tranicrptase o
mplermentary strand

oy Date |

cDNA strand
DMNA complementary t
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DNA polymerase
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@) Zxlraction of mRNA from p-cells of the

Pancreas

NN

x> Jsolaﬁng mRNRA is easiey than e?lmcﬂ'ng

i,
P the human insulin aene from ONa -

Vo
= Jhe mRNA /s clevorcl Of inlyons and thee

{ : .
e mulhp!e copies of mRNA present with-

the C.Ufbpfarm -




x This meNA is then converled inlo Jmﬁfe—
Shanded camplemcnlairy DNA (cDNA )H.slhﬂ

the eqjymc Teverse I'ranscwptase-

2] he _c'mglc-.sﬁanded ONA is converled

in@ double -slrancled camp/emcn(aty DNA

meﬂ the enggmc ONA Palymemse .

0 .
u{ﬁpfe. coﬁles af This 88!7& can fht.rcaﬂé'r
be formed Msr‘ng the Palymcmm Chaiin,

Reaction (PCR) -




0, 3Jolat7hg Gene faom the ONA
* Jhe insulin gene con be exlracled from the

ONA within the B-cells of the pancreas -

awxInhons are yemoved fiom the gene before
anulﬁplc topies of The gene are /)raduced-

< @ Mtificial Synthesis of fhe Gene

@J:hco the amino acidl sequence of the
insulin. prolein i3 known, an artificiol gene
can be synthesised - Mulfiple copies of the

gene can be /)rocluced u.rmg PCR .
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. &anuﬁoﬂ Oi émojﬂ/b fhe Ve_db-r

x.Jhe human nsulin gene IS now modrﬁ'ed by

addr‘n? non- cad:’ng DNA chmenk which will

be cut by S ca‘ﬁc seslriction mes
5 i P 3
o produce Sticky-ends -
W/ J

> Jhis same reslriction Cﬂ?}/ﬂ’lﬂ wf/l

{
Wsevve o cul the veclor P/mmfd al the same

alindromic sile -

BE

% Jhese /Dla.rm:d: are ex(racled from the

baclevio £-colc, b y exposmj fthem lo certain

cngwme: which dfﬁesTs therr cell wall -



@gfmﬂc ;?fz —ﬁ/ EcoR /

-
-

EcoRl /2. _
4 Restriction Enzyme

b
.GGTCA'/GAATTCGCTGA..
..CCAGT, CTTAAGICGACT...

\ﬁ*_,f
AATTC GCTGA...

..GGTCA G G CGACT...
..CCAGT CTTAA




¥ Jhe /Jla.rmr'a’: are then mixed with the insvlin

gene lo allow comp/emmfary base /oar‘n'm’ [o

occuy bjw theiy Jhd(y-enc/s*

NG

| The enjﬁmc ONA /rﬁase forms /)haaphod
esles bonds blw the ends of DNA fmgmen&
The sesullant plaamfd /‘Drmed 1s Known Qs

the Recombinant DNA (7DNA).
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Insextion of the veclor inlo he Baclexium(é-coli

¥ Jhe genctic malevial (plasmids)is insexled
inlo The bacleria 6” mixm? Them with & -colr

(n & medium contamm? a hrgh conc- of

i .
Ca“ at 0°C -
o
{
),
E

Plasmid in the /)7?56/‘7(@ ?f a heat shoct.

*»Ca‘? increase the Pcmcabr'(r'ly‘ of fhe cell

membyanes of baclerio. o allow upfake of




¥ The Ic:'npcm!u?c § rapid(y rorsed To 4oc

dun’ny the heat shock.

> Bacleva that Take up The recombinant

DA (YDNA) ave leymed as lyane formed

> S &

aclevia -

Zess than Y, of fhe boclern acfua(ly
ndr_r?o lrﬁanormaC!bn-

=
Most eithes fail lo Fale up plasmids o7;

) fake up non-yecombinant plasmidls

4) fake up civcles of the wanled gene -

¥ Jhus. i€ s essential o select for fransformed

bacleria -
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Promoter to drive
target gene

expression Target gene

Ve s

Plasmid

VR

foe{fﬂ?ﬁ/ e Irkers Sere iﬁfdﬂ" markey
J

an'hiokl eWstance GFP gere
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Selection glf Jransformed Laclevia

x Jelection 0f lrﬁn.rfu rmed baclevia /g achiered

nov gencs leymed as mavker genes -
&Jhese genes are ¢ifher ofready present in
Z
c veclor (plasmid) 01 inserled inlo the

O
asmmf along with the desived ﬁene[c 9

@suhn 9&15)
@

s Mavke¥ genes are of lwo ypes:
I Selectable Mavkers [3enu )

2 S reenmﬁ Mazilceys {9&%: )



* Selectable markers are ontibiolic vesisiance

genes - Jhese genes enable folentificalion of

bﬂlmnsﬁ)‘rmed baclerra bﬁf monilo ﬂhg theis

Esww‘ml In The presence of an antibiofic -

© i
-9: ampicillin vesistance 9enc/kﬁacyclme,

)
E'rm'sfancc gene Jhese genes may be 0pun

of the veclor (plosmid) used for genetic

engfneen'ng :




¥ J’creem'ng markers are genes which enable
identification of lfansformed bacleria. by

chan Hm? Their visual a/o/oeam.nce-f-gs :

Sinclude FP gene (Green a/uomcent ,oro?e:h)

agenc (1ecall the lac apcran), ete.

8,
¢

o We will discuss HOW These moaricey genes

olo]- ~ o

ynable identification of Iransformed bodera

(aler -
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x Ingulin s o guafemary /pm/ém made up
of Iwo polwocpﬁdes (A & B).

* Baclerio. CANNOT prodluce quaiemarg

goleins =>it's devoid of 7ER/Golgi

® It onIH Pmduccs Polgfosph'des A and B

lawﬂe amounls (ﬁcncs for fhese /aofypc)o

& e are usually inserled on cliferent
4 7
Plasmids).




CZONING

x Jrans ﬁ:rmcd baclerio. are allowed grovv
in Ionge f:rmm/e_n in o suitable ﬁrowf‘h,

bﬂmcd:’um-

E‘ Baclevia mult:’pfy mpfoHU To Pyodu;,e o
iarge population of fransformed éaclezio.
E‘ Jhese baclerna replicale theiy plasmidls

/and hence he insulin 0ene) Tapfd!y which,
we,ntuauy leadls [o production of laxge

amounls of- isulin -
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Jsolation , Modlification ¢ Puzification of

Insulin

¥ Jhe Iwo )oolw:»cpﬁdcs are Isoflaled and
@_ihcm!kafly modifred 16 /)mclucc human
74

R xnculin -

o
W The human msulin s then )aurfﬁécl bcfore.

)
=]/ Packaged for humon consumption.
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/_éﬁ_ /D70duce Rumon insulin :

1. Znlvaction of the FHuman Ingulin Gene

2 Insertion of the gene inlo the veclor
@mumfd )

3, Jmtl'ffan 0/- The MOCIWIEO’ pccéopiq) inlp The

aclerio -

4. Selection of Iransformed baderia

5. Cfom'n?

6. Jsolodion, Modlification and Purification

of onsulin



CP I: Descaibe how fhe 3enc 767 human insulin

Is obtained and insexlecd inlo e veclor?

gene
AR - The mRNA of the human insulinis

&> xlydcled from the ¢ y?ofolwm of the p-cells
74

@ -
— f fhe pancreas -The enzyme deverse [7anse-

{ .
Wiptase 1s used 1o make .whgle-.sf?andec{

gmmpfcmcnfarv ONA u.sm7 the mRNA . ONA
Po(”merare Thereaffer converls the singrle-
slvanded DNA inlo double- slranclec DNA -

PCR ( Pa/ymemre Chain Reaction }may be



used (o ampnfy this ODNA - Plasmids are
obtained ﬁom bacleria such as & coli-Jhese

plasmids are [véaled with vestriction engy
mes [0 cut the /o/armrd of /balmdramrc Siles
™

E’ 0 [orm Jh(.kg ends-Jhe same reslriction
ngymc creales sticky ends al the ends
f the insulin gene Jhe ingulin gene ‘s
ahm: ofter mixed with the plasmid in the

presence of the enzyme ON# Kipase which

sedls the nicks in the waqr-/ohasphafc
backbone -



02:Describe the Slruclure of o /D/axmfde
Ms: A plasmid is an exl¥a chromosomal

ciscular form of olouble- slyanded ONA -t

O, as o low moleculay mass- It contains

= palincdvomic siles cut by reshiction
{

rnaUmcS-c’i maU contarn antibiotic
E

resistance genes*




-
03: Describe the benefil of using plasmids
In gene,ﬁc engmceamag
M1 Plasmids can be can‘(y exlracled £

O reinserled ofler modification inlo the
0

X baclevia -
o
2 Plasmid has o fow moleculor macc.
)
Ea-l’(cumfds can be eacrly cut b” veslriclion

cn(j”mc: due /o Presence of multrple

palindromic stles -

§- 3¢ ca.ry (o [nserl genes inlo The Plasmid.



N
Qu: Describe the role of the /n(lowmﬁ engymess

a) Reverse Jranscriptase (2)

b) DNA Pa(gmcra:c (2)
c) DNA /lﬁmc(z)

a}s n)Reverse Jranscriplase fs m/)om/bla

7 /)mducmﬁ Jingle slvanded cONA from

{

@MRNA -
E . .
b) ODNA /)aldmcm.rc Is vesponsible for

Producin 0 the second slrand of cONA wmﬁ

acfivaled nudleolicles - A pairs withT and

G pairs with C -Jhe pmdud (s a double -



Slranded ONA -
¢) DNA :t’.fga;c seals nicks” jn The sugar -

phosphale backbone ls form recombinant

G

DNA (YONA) -

¥ a nick is o break in the Sugay- pho.rphci'lc

backbone of DNA -
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s: Z uplain 7he meamh? of the lexm vesTnction

ea3 ymes anol describe 1ls role in
Qenetic engr’mcnh(?? 'y
@"9 - Reslriction en3ymes are chr'effy produced
ay batleria, as o defense mechanicm o

volect i(self from ba cle',w'ophaﬁes (Vivuses

Er‘haf infect bacleria ) Jhese ensymes eut

/h—b vixal ONA -

In 9cndfc enﬁmceﬂng ,reslyiction engymes

are used lo cut DNA at palindromic giles

(0 produce sfr'cky— endls .
s
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incubate ]

contains ampicillin

=

replicate on
fresh media

~

sterile velvet

on a block |
imprints of
all colonies




egdﬂnh'&fhg (Zram &'rmcd Orgam;sms UJm?

Selectable Marker Genes ( Via Replfta {J[ahhg)

nghz:a Pla h’ng -.

x method usedd B iclen hfy lrﬁmformed boclero.

mmg antibiotic 7esictance ﬁems

MG’

We ﬁe.nemﬂy use Pfa:mr'd: with [wo differ-

enl antibiotic resistance genes.

- ampruﬂfn
resisfance 5enc

- fe.ﬁacydfnc

B E R

vesigfance 5ene-




¥ Insulin gene is insexled inlo fhe /Jlaxm:'d ég
Cuﬂ{h? !hmugh the amﬂdﬂrh 7es1stance

3cnc-
— /nsulin genc

Aecombinant ONA
(mad:‘ﬁ'ed plasmid)

1 Jhe genetic malevial is mixed with &-coli

lo allow uptake of the secombinant dDNA-

.mmm@

=N (70NA) .

4 Less than 1. of the baclerin actually fake

up the vONA -




¥ Most eithes fake up the unmodi freel plasmiol
0k the circle of inulin gene OR nofhing at all-

# &/echh? ﬁt’:msﬁrmcd boclerio i fhereforc

AN fmpan‘ant J@o :

t Raclerin ﬁam the mixlure are allowed (b

grow in an agas plale aich in nulrients and
géﬁacvc{fnc- Jhis (s known as the Masles

Plale -




- incubale 2: 0bstrffc
fhe agar with Fansformea] baclerinl
colonies — (abel
@ non- [réinsformed

his agmf p/afc
as fhe masler
plafe

bacleria

' Missing colonies on fhe

&

3.
{5.- lonies that contain Press o velvet

mfomocd baclerio - clofh agafnsf fhe
Smples of these baclesia  mas(er plale and

=N be faken from the rephtafe baclerial
aaa:fé.r plale

Colonies onlo another
agar jo(a(E, which
contains ampicillin ~Jhis
s the Replica. Plofe -Refain

fhe masler Plate

#) Obsevve Fhe 5rawm

of fhe badleyia(
colonies onthe
2¢eplica. plale -






,éde.ntfﬁﬁfng Wans&fmed Orﬁam&ms L_{ﬂgg

Screening Mayker Genes
X JC7een:7? markers are ycnes that enable
ggrolen tification of lransformed o7ganisms

ased on fhe changes In thery visible affe'a_

(D

4

& (ommonly used LCreening markers include:
B J i

el

GFP gene (Green &’!uom;aent Prolein Gene)
the GFP gene is ex(facled fyom fhe .Telfy-
fish - Jhe proin. produced by fhis gene
f(uore.tces green undey UV/:'ﬁht-



* B- Gus gene (codr'ng }@' B-Glucuroniclase éow
B- Gus gene which codles for fhe engyme B-

Glucuronidase enables idlentificalron of

/roi'nsformed ovﬁa nisms ba breakmﬂ down

G

non- blye ﬁ!uc.m'omdes lo produce a loxic

O |

& blue Pl’OduCt-

L I 5.

‘he Blue While Method

e Tes Sua s s

.

hich involves uge of cL. markey ﬂene.

Known as fhe }-ﬁenc'i‘-ﬁene cocles /orfm.
cnyyme B- ﬁa!ad‘mfo{me ywWhich .s/olf'[s ov
coloualess 5a!acfoarde lo produce harmless

blue product -
o



X Uhe markey gene /‘or GFP codes /br 0 10N -

enggmatf'c prolEin , whereas, the othey (wo
.ccree.m'ng markers code ﬁ)r endym.es .Jhese

enzymes con produce. a fazge numbes of

]
/Droducf molecules since fheﬁ can be re-used.

&
O
<
>
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Bmcﬁh E’[ Pmduana ge,ndr'mﬂy ‘c"ngmeerecf

Human Insulin

WA~

y Less h‘kefd o cauge aﬂearﬁfc reoclions .

6 Production of ﬁendrca({g enomccrec! human
m,;u[m. /18 'J'E.(O.fMB{” cheaPea :fmsu(m Ky

yoduced on a /arﬁe scale -
[
E

afnst the uxage of insulin dexived /rorrv
Prﬁs o7 calffe -

S acccpiab!e o rdr'ﬁfous ﬁmups who are




#it'/csly lo be move gﬁea‘ri/c n Cau.srhj yed-

Jction in The plasma d/ucase because of ils

G

ettey br’ndmg 1o The inculin 7eccfafér -
Juman insulin has a more rapid onset of

ction and 1s lecs /f{cd‘y fo cause lolexance.

O
<
)

E




Q:Explain how bacteria can be genetically modified
and then identified using antibiotic resistance 7geres 7

Ans: Transformed bacteria are produced by mixing plasmids
with bacteria in a solution containing a high concentration of
calcium ions at 0° C . Heat shock (temperature raised to 40°C)
allows uptake of these plasmids into the bacteria.
&7 Replica plating is a technique used to select transformed
Vb2 cteria using antibiotic resistance genes. Non-recombinant
plasmids contain an intact ampicillin resistance gene and a
& tetracycline resistance gene. Recombinant plasmids contain an
& intact tetracycline resistance gene but inactive ampicillin
resistance gene as the new gene (e.g, insulin ) is inserted within
llthe ampicillin resistance gene. Bacteria that take up the
Slplasmids ( recombinant or non-recombinant ) grow in an agar
containing the antibiotic tetracycline. Bacterial colonies are
Ereplicated onto the replica agar plate containing the antibiotic
ampicillin. A velvet pad is used to transfer the bacterial
colanies . The bacterial colonies on the master plate which DO
NOT grow on the replica plate are the transformed bacteria.




Q: The pink bollworm moth, Pectinophora gossypiella,
is a pest of cotton crops. The size of its population can
be reduced by releasing large numbers of sterile male
moths into cotton fields. The sterile male moths mate
with wild females from the cotton fields, but no
i offsprings are produced.
= Over a period of 3 years, 20 million genetically
78l modified (GM) sterile male moths were released in the
pd USA. Eachinsect contained a gene coding for ared
fluorescent protein (DsRed) taken from a species of
© reef coral. The added DNA also included a promoter.
¢
M a) Explain why, in gene technology:
Genes for fluorescent proteins such as DsRed are now
more commonly used as markers than are genes for
antibiotic resistance.[2]

Ansa): It's easier and faster to identify transformed
organisms based on changes in their visible appearance.
Antibiotic resistance genes may be transferred to other
bacteria spreading antibiotic resistance. This reduces the
effectiveness of antibiotics.




&
7
&
O

{
>
=

b)Explain why, in gene technology:
A promoter needs to be included when transferring a
gene from a coral reef into an insect. [3]

Ansb: Promoter is a control sequence necessary for
gene expression. It serves as the binding site of the
enzyme RNA polymerase ( and the transcription
factors) to allow transcription to occur. Promoter also
helps identify the template strand in a double-
stranded DNA.
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cycls (n)  no-of DNA epies(2")

1 7,
E , 4
3 J
? [

¥ /@ymerage ugect 1 FCR = I
C/dfff‘i,cq’ﬁdm

Themnybshilus agualits
o



POLYMERASE CHAIN REACTION (PCR)
Yt is a /&chnr'?uc used o a% a 3ene. 0

a DNA Jegment s fherebg , Producma NUMeEYoUs

| ti al -
dbf:oP’eS of the genetic maleria

E PCR 1s h;'ah!y sensitive and can make use
f o sr'na(c copy of ONA To Produce. numey-
> [ cc?()r'cs.
By /R mokes use of o fhe'rmaﬂ‘y sfable DNA
Po!ymerasc known as Tag, Po/ymcm:a-
¥ Jhes enjﬂme has Ov hr’ah opfimum lemp-

& is resistant lo denafuration at hrgh

lcr'ﬁ/bs-
o



L
2 Ta? Pofymemrc /s exlracled from the bac-

levium Thm'mophffu.c aiuaﬁcus -

¥ Zoch c”cle of PCR involves fhe ﬁllowmg 3

Jrges:

NG

l- DENATURATION (at asc)
- ANNEALING (at 65°C)

- ELONGATION /POLYMERISATION (at 72°c)

mm%

3;'@ 4 ._-3.#' @

s ”@/

A @ @;._'“_:
ISy 5’

cbshae > ENTPe S5 g 1



o
PCR MAKES USE OF THE FOLLOWING

) DNA Primeys - Short /enafhs of .w'nﬁfe- Shranded

ONA molecules that are aPmemafdy 20
boses /ong-

)

2 Ta@ /%fymem:e -0 fhermaﬂy sfable enz-
&

e exlracled from the badewium Jhexmo-
i:ﬂus ﬂtzuatfcus -Jag /aolvmemse. has the
O
ﬂowinﬁ advanm?c::

) 1€ (s vesislant 15 denaturation ot hfah,

_ qﬁ'ﬂf/fr'df

lemps due o presence af&bwb/ﬁes . (4s°¢c)
i) it has a Ac/at('ve.lﬁ h:’gher oPn'mum (emp.



3)dNTPs ( deoxgriba -ANucleotide Jri Phosphales)

ANTPs ceyve as a :

i) Subslyale for formation of new HNA
molecules -

3 /i) source of enevw due o exlrq /ohosphalis

attached o them .

) P)uffu Solution- b maintain the PH of

9F also 5
lhe »eaction medium. contains Ma’*.

o

5) Raqwa'ed gene or DNA that necd:% be

B ) EEE) B

amphﬁéd .




-
D ENATURATION

 Denaluzation ivolves me.fhhﬁ of" DNA- Io
pro duce &'na/c - sfrandecl DNA molecules

&;Jhe cnergd »ecim'rcc( for me/ﬂhﬁ /s /oraw'deq’

EAU o h:’ﬁhew /an)oemfu?e (95 ') within the

PCE thexmal c”cle.r.

3 wre//rrﬁ occurs when the hbdroﬁen boncls

b/w fthe [wo Compfemenlﬁry slrands break.




ANNEALING:

y ﬂnncalma volves Pm’w’nﬁ up offhc DNA
/Dﬁmcrs o the 3’-end of The smﬁ/c-x/?anded

¢ ONN molecules -

)

@* Jhese DNA fm‘mer.s 5w’de fhe Ta?/ Po/yme-

)
.ra.se [o donﬁale the nucleofide chain -




ELONGATION / POLYMER[SATION
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3 The polymerase chain reaction (PCR) is used to produce large amounts of DNA from a very small

original sample. The main stages of a PCR are shown in Fig. 3.1.

step 1
DNA sample heated
to 95°C

'

step 2
cooled to 65°C
then primers added

.

step 3
incubated at 72°C with Tag polymerase,
complementary strands of DNA synthesised

:

step 4
heated 10 95 °C again
and process repeated

Fig. 3.1

) (a) (i) Explain why the DNA sample is heated to 95°C in step 1.

(il) Explain why primers are added in step 2.

X piners.. atach.. fy.. Cameal) the. 3=ond

C.rple hanke) PNA..4e......
Aq. polymerase. connei-altlach . ...




(iii) Epl hylh e enzyme Taqg polymerase Is used in step 3

ﬂff’d?-(" has. a. W ch/m

fﬁeﬁf‘/@?f /ZJ g’maf/Z//Z?/f’C’? of:‘




Human insulin can be synthesised in a laboratory strain of Escherichia coli using recombinant
DNA (rDNA) technology.

The starting point for the process is mRNA coding for insulin, isolated from human pancreas cells.

Four enzymes are needed:
*  reverse transcriplase
DNA polymerase
restriction enzyme

DNA ligase.

(a) (i) State the role of each of these enzymes in producing rDNA carrying the gene for human
insulin.

reverse franscriplase

______ /g)roduca?; 5‘3}?@ Syarded  cONA C«(sry

DNA polymerase

resiriclion enzyme

At e DINA (/a’czsmfa’afﬁd ﬁ?c'jﬂt)a,t
/Pﬂ/fm’r@wr( S7es.. /f:mduce A ende

DNA ligase

Jars. the. poasn@. «ih. 1he gene. £y...
/ﬁzmy bsphattestar fonde?. 7. ’
(i) utline the rﬂ e of insulin in a healthy human,

X insult.. a6 hfﬁ&dﬂ(g{m cncniatoy
zfr.....éf(d_f __________ Fhis.. Aceetilvss. . on. iser] nustle cdlls

X _Fymlates !
i Shmclates?
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(i) Describe and explain one advantage of treating diabetics with human insulin produced
by rDNA technology.

.2

(b) Itis possible to use rDNA technology to produce insulin with a slightly different structure from
that of human insulin. The effect of the changed structure can then be investigated.

The activities of equal quantities of two insulins, both produced by E. coli, were compared in

healthy, non-diabetic subjects:

. human insulin

* nsulin X, in which the positions of two amino acids, lysine and proline, were exchanged.
Lysine has a hydrophilic R group and proline has a hydrophobic R group.

The results of the investigation are shown in Fig. 3.1.

10

T """""I"" T * _"""i“'"‘.‘ T T i T T T
+++++++++++++++ 4 TP T T -

L IENENEEENESENEEN S SEEEE EEE | 1
ﬂ e bop i - ettt o i el Ll
......... —4 I T . .-

-t + ——t e -+ -+ - -

8 e insulin X e
activity .° |1 S
nlmsulir‘:f’ﬁ‘z.. : insulin FHEEHEHHH
farbitrary I NN R e
units e e e T e N T e T e e e

time after injection /hours

-

Fig. 3.1




(i) With reference to Fig. 3.1 describe the differences in activity between human insulin and
insulin X.

¥ Ihsuhn X showed. a . Steber née. ...
m acéﬂ‘?y nreche
4
o4
&
¢

A‘;‘ﬁs’
b gy cm/umd b.5%4. . hunon (i
A [natly. X ‘reached . peak actfily 19 bous
_________ gﬁffz@__ecé_qn___fm ed . 1. 2hs o ith. human
__________ 0 )

¥ Iy X _had a reater ach ﬁt?n/@ y
’ ovey Phn 4 !.f/ff{ ‘,7 e

(i) Suggesl how exchanging the pﬂsmun of mrﬂ ammn a{:rds in the insulin molecule can
(] result in differences in activity.

v hsulth. X bnd with a ketlr /%
il M/.’hfﬁ.@? ..... %a/;re’(efa* /40 ..........




4 Enzymes are globular proteins that catalyse specific reactions.

(a) Explain how enzymes catalyse specific reactions.

)7,09?7?5 Lawe _anacthre ke omplanenta

.ﬁﬂ;&‘ the. Qubshat. . ..
XSS é{kﬁc/cte:f% /ﬁet@ym- . form
............ #@E'Cm/ﬁah
_________ x—mb&fmk/_f: betd 0ol e adhe.

)|
(b) Restriction enzymes cut DNA into fragments. They cut at specific sites determined by

the sequence of bases. Fig. 4.1 shows the base sequences cut by three restriction
enzymes and a section of DNA cut by one of these enzymes,

restriction enzyme DNA sequence

Y
Hindlll A AGCTT

\J
EcoRl G AATTC

Y
BamHl G GATCC

section of DNA
TAC TTCGTAA
ATGCTT CATT
TACG AATTCGTAA
ATGCTTAA GCATT
L
Fig. 4.1
(i) Identify the restriction enzyme that has cut the section of DNA shown in Fig. 4.1.

(i) State the name given to the unpaired base sequences that remain after DNA has
been cut by the three restriction enzymes shown in Fig. 4.1.




(c) Human genes may be cloned by inserting lengths of DNA into bacteria. This 15
carried out by inserting the DNA into a plasmid.

Explain how lengths of DNA, cut by restriction enzymes, are inserted into plasmids.

# ﬁe /J@sma‘ anl He._aane. awe .mzed [
d




Traditional techniques for genetically moditying organisms use three enzymes:
. restriction endonuclease
. revarse transcriplase
*+  DNA ligase.

For example, these enzymes have been used to produce genetically modified (transgenic) pigs
containing the GFP gene coding for green fluorescent protein, originally sourced from jellyfish.

(a) Outline how these three enzymes could be used in genetically engineering a transgenic pig
containing the GFF gena.

A new technique that aims to cause a deletion in a gene uses an enzyme called Cas9 nuclease
It is injected into zygoles along with an RMNA sequence (the guide RNA) that is complementary to
a target gene. The Cas9 nuclease causes a deletion in the target gene in the zygotes, preventing
the expression of that gene.

The toxicity and efficiency of the new technique was tested on four groups of pig zygotes. These
pig zygoles were produced by IVF using:;
* pva from a temale non-transgenic pig.
sperm from a male transgenic pig whose somatic (body) cells contained one copy of the
GFP gene per cell,

The pig zygotes in three groups were injected with different concentrations of Cas9 nuclease and
guide RNA targeted at the GFP gene.

The fourth group of pig zygotes (control group) was not injected with Cas9 nuclease and guide
ANA.

(b) Explain why the GFP gene was chosen for testing the new technique




Some ol the zygotes in each group survived and after six days each had developed into a group ol
cells called a blastocyst.

The blastocysts were counted using a light microscope. A filter was then added o the microscope,
s0 that only blastocysts exprassing the green fluorescent protein showed up. These were counted
and the resulls are summarised in Table 5.1.

Table 5.1

concentration of | number of number of
Cas9 nuclease and blastocysis seen blastocysts seen
guide RNA/ng mm™  under white light under filter

0 (control) 68 46
10 40 | Q
20 24
50 15

(¢) (I) Calculate the percentage of zygotes in the control group that were transgenic

Show your working. _ /DO = 6'.?
% - 4%.3x 4
676

Explain whether the percentage you calculated lor (1) is higher or lower than expected

A ﬁr;ﬁex_._#an e E?f?eCtd 0%

Name a statistical test that would allow you to test the significance of the difference
betwean the per:emaqﬂ you calculated in [L] and the expected percentage

State the best concentration of Cas8 nuclease and guide ANA to use 1o cause a deletion
in the GFP gene and give reasons for your choice

- 40 !ymm'*}
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VISUALISATION OF DNA FRAGMENTS US NG
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VisuaLisaTioN OF DNA FRAGMENTS
USING STATNING TECHNIQUES
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There are a number of mutations affecting the production of fetal haemoglobin, HbF, and normal
adult haemoglobin, HbA

*  The Hb* allele codes for the normal fi-globin polypeptide of haemoglobin.
» The Hb” allele, caused by a base substitution mutation, codes for an abnormal fi-globin

polypeptide
The base substitution results in the amino acid glutamine, which has a polar R group, to be
replaced by valine, which has a non-polar R group, in the polypeptide.

The abnormal haemoglobin molecules (HbS) form fibres in low partial pressures of oxygen (pO.).
The fibres cause red blood cells to become sickle shaped and the cells can block blood capillaries.

Individuals with adult haemoglobin molecules that are all abnormal (HbS) have sickle cell anaemia.
This is a painful chronic condition thal can be life-threatening

{a) Explain why this mutation E‘.EILISEE the HbS to form fibres.

?(U/‘ﬂfﬂ’flf % _charsed

0N frotor._ alde...cohih. o The. [ Gty
-j“@’ﬂ’ff a,ﬂ;zi e MBS Mmdffz?ﬂzcé

/@t’ﬂff ................................................................................................ [2)

(b) Fetal haemoglobin, HbF, is produced by the felus until just before birth, when adult
haemaoglobin begins to be made.

By the age of six months, adult haemoglobin has replaced most of the HbF. This change
occurs when the genes coding for HbF are swilched ofl and the genes coding for adull
haemoglobin are swilched on.

*  Abase substitution, British-188, causes fetal haemoglobin to continue to be produced.

« Normally by the age of six months, the concentration of HbF reduces lo less than 1% of
lotal haemoglobin.
With the British-198 mutation, the concentration of HbF may be as high as 20% of total
haemoglobin in an aduilt.
HbF has a higher affinity for oxygen at low pO, than adult haemoglobin.

Individuals who have both sickle cell anaemia and British-198 mutation have reduced
symptoms of sickle cell anaemia.

{i) Suggest why having the British-198 mutation reduces the symptoms of sickle cell
anaemia.




(i) In adults with the British-198 mutation, the gene coding for a fetal haemoglobin
polypeptide remains switched on. This is due o the presence of a protein that controls

gene-expression.

State the term thal is used to describe a protein that controls gene expression

haemoglobin: HbA, HbS and HbF

= Abuffer with alkaline pH is used to make all haemoglobin molecules negatively charged.
* HbS molecules have an additional positive charge compared to HbA.

(i) Describe and explain how gel electrophoresis is used to diagnose sickle cell anaemia

m (c) Gel electrophoresis can be carred out to test individuals for the different versions of
<

>

O

O




(i) Four individuals had their haemoglobin analysed by gel electrophoresis. One of the
individuals was heterozygous for the Hb* and HbS alleles and had a condition known as

sickle cell trait (SCT).

m Some of the results are shown in Fig. 4.1, In Fig. 4.1, lane 1 and lane 5 are complete
y — . E Hb”
—— HB"
% -
e Ht}5
——— ]
1 | | I 1
{
lane 1 lane 2 lane 3 lane 4 lane §
individual one-month- individual individual reflerence
D with old baby with SCT with sickle
normal with cell
phenjntype normal anaemia
@ A phenolype
Fig. 4.1

Predict the results for the individuals analysed, by adding bands to lanes 2, 3 and 4 on
Fig. 4.1. [2]




DI\ v]o - ~J0]e



« gene fechnolo :;)/ 6; jemﬁ‘c': er‘ryr?ferf’y
i /9 reclutbdn oF jmﬁ%a& 6)35797&:#4/

)

3 haman heulin
*Marter jEnS 0 st MmMed

? hactert
S+ Pee

[=) x E/ecfm/omrz.s'f( S 7t ap/bl;"ca(‘rfw g,
a- Hb e/ecz;[ahaﬂr's

b. DNA f;w :‘é}?




¥ QUAsOMoL 1ecesSTIe
¥ homﬁ )fjrm_s Aecessi e

*  wulardn cﬂf n the CFIR gere

X CFTR gene cacles ]61' CFT# }pmfﬁf’?

CETR = C}dﬁ: Fbwsis Transmembare
q(qlor

* 7he j-fﬂé" widBalion 1n CFTE j'mf
am “he —> Tipll ddleten (508%) > phery/alarine
e cahshibon § oniahon
yemdfare S CDG‘E-:';

' CPTR petan 12 al & chrannel — qporcite
E ﬁ:n' dlleotng A~ fo [tave  the coff

@ Iy
&3 ] O:ﬂ |
U
!f
G- NS Gher
X Muraton in crre /6;«rreﬂ/3' (T CFIP potay
fiom  fanchen tre mw%y——ﬁ A" fail 16 leave
e

the cells — +hitkers mucus e«w
flm

Ves,

X CFTR chﬁm‘h 1§ fbuna/ in <z Fﬂffgggz duct

2 w5 deferens

~ oo s e

S

dﬂ@ﬂk




Cystie ;‘[f BROSI'S

¥ /s an aulosomal recessive disease .
x Jhe gene thal andefﬁaets mutation ss the
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MUTATIONS IN CFTR GENE

s NARAES  raiiufe—

* Jhe most common mutation t:ausma cdcfr'c

fibvesis 1s a [Tiplel deletion at the 508h

position which codes for the amino acicl pheny

&
ﬂ’ﬂmh'--\?’h!k clelefion is cammonfv AchTIEJ
&

b as the AF50¢g.
Mutbations ofher than r'n?olet deletion ma”
@!so (ause cgsir'c fr’brasr's Such as, o xr;og{e

base substitution which inlroduces a. .s/b/J

codon aIOnﬂ the nucleotide sequence offhe
gene: Such & base subshtulion i 'mﬁ’md lo

as nhon-senge multtion-



xJhe CFTR PraEr}? uwaﬂu allowe the chlo ride
ons Io leave the cell co usmﬁ waler [o ﬁJﬂow

vio. 0SMosis -Jhis causec the mucuc lmmg

'a‘he. tubulay slruclures o become runney:

Vo
% Mulation in the cFTR gene seduces fhe

¢ - : : :
Qnsport of chlovide ions /hvough the ion

EBhonnel , fhneb(’ causma Tthe mucus lo become

076 VISCousS -




Cross section of
normal airway

airway wall
thin layer
of mucus

outside cell

inside cell = 1\ }
2 chloride

» lONS «

Normal CFTR channel

Cross section of airway
with cystic fibrosis

thick layer
of mucus

Mutant CFTR channel
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% The ﬂ'gm = &ymplohos of cv.chi: ﬁbra.rf's-
can be subdrividded info 3 main (a(cﬁones

‘ Rcspwalonf .S’ym/)fomr
» Gaslroinlestinal Jym/)fo'm:
‘ Qe/)rodudrb'ﬁ -S‘ympfom_c-




N
Res fxalérﬂ Sgﬁ”,&fw-f

xWhich vesult due /o fﬁrbkem'ng of the mucvs

If'm’n? The 7cspfmlory waaﬁes -

*Cilia foil To swop this mucus upworrds lead-
b.fﬂﬂ fo pooling of the mucus inlo the lower
ECS/)HGIO}I{ Ptmaac’s.

? NAis mucus confains enﬁoppcd dust £
® oclevio

0
@ Bacleria. thrive on nulvition /orowded 63

the mucus ancl muﬂfplﬂ In numbers Ty cavse
7espivo Iﬁ-nf infections, such as , pnevmonias.
¥ Pneumonio is fhe most common cause of

death In po tienlke with cydr'c ﬁ'bz'oszlc.
o



Gas[roinlestinal g\%mefbm.s
¥ Bladzaﬁc. of fhe Pancmah&: duct ,Mcreby
prevenﬁn? the pancreaﬁc enJymes from

1eachfna The small mlestine -
)
Y T hese enjﬁmes thereafies damaﬁe the
&

pancieatic ﬁ_csue,feadmﬁ fo inflammation

W/ The pancreas;lermed as pancreatitrs .

Eﬁbsmce ﬂf PGHC')'&OIﬁC enjames wilhin the
®R

small inlestine leads /o maldifsfr'on and

ma!ab.sor)oﬁon /eadr’ny lo Sfunled 3mwm 4

de.veloloment‘ -



% ‘Kdoid dr’gcshbn s affecled the most since
pancrealic [ipace /nitiales fhe lipid df'ﬁesh‘on

in The ﬂasﬁofn@ﬁnai [Tact -

x»Ondividuals with c4fs tic fibyosis,therefore,

G

¢s out faeces with, hf'ﬁh hp'd conlent -

Reproductive ngg/ims

@ B Blockage of the vac deferens in mmles

Em@

Icoding o JfE'n'(r'!y in males .




olo]- ~ olo N g

Q1:Explain how the faulty CFTR proteins in the cell

surface membrane lead to symptoms of cystic

fibrosis?

Ans: CFTR protein is a Cl channel which usually allows Cl to leave
the cell. Water follows via osmosis . Faulty CFTR protein does NOT
allow Clions to leave the cell. Less water thereafter leaves the cell
via osmosis which causes mucus lining the passages to become
thick. In lungs, the thickened mucus cannot be cleared by cilia and
pools in lower respiratory passages narrowing the airways. This
reduces the exchange of gases across the alveoli causing breathing
problems. Accumulation of mucus also allows entrapped bacteria to
thrive and cause respiratory infections ( such as pneumonia ).
Blockage of the pancreatic duct causes maldigestion and
malabsorption . Pancreatic enzymes cannot enter the intestine
causing maldigestion. This leads to stunted growth and
development. Blockage of the vas deferens leads to infertility in
males.




Nebicatons




Meanagement ¢ 9f Cystic Jibaosis

2 ./Wanaﬁement of cysfic fibrosis involves :
2 Jymp/bmah’c Manaﬁemmt

b) Gene Jherapy

¢) Medication

&
7
&
O
{

>
&
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) J’#mg@matfc Manamt :

» J’ympt‘omatm manaiement 1€ based on relie-

w’na .r:ans and sym/)fvms associaled with
cysh'c ﬁbmrfs:
& /) Respival n{ J‘anmms :
E» Pwophatadfc antiblolics aye ﬁf'ven fbpreuenf
fhe, recurrance o/ Iung n /cc.{'rbm.
& - Suction along with precussion thevapy /s

advf:ed o cleay fhe ar}m!,: of excessive

mucus -

> Bvonchodilalors are odyised T dilole the.

alrwa ys :



- Oxvgen may be odminislered b ensure
oxwenaﬁon of 1he tissues .
- Muco{”h'c aﬂenf; may ve advised N break

olown excessive mucus In e m'arway.c-

Ej) Gaslroinlestinal § umefams :

Blaakaﬁe of fhe pancreafic duct olue Io

o
W xcessive mucus prevcnfs The /oanc?eatrb

),
@nzymes /rom veachmﬂ The small inlestine
BYhich Thereaftes leads fo maldigestion §

maloabso );ohbn-

% Oral enzyme -Su/Jp/emenE are fhenfore.

3f'ven (o 2 mole dfﬂexff'on within the small

inlestine .



- Inhravenous nufn'hbn[/;armfem/ ) 15 advised
:f the /aan'ent cannot fuke oral en5yme
Jupp/unm& :

jii) Repyoductive S'gimpfo'r'm
&
Male Jléw'(r'(? 1S Verv common in /)atfcn&
@ 4 - - .

=y /Th cysfrc frbmﬂs ~Jhese /oaﬁe.n& may be
i dvised assisled Ac/noducﬁw. lechnigyes,

ch ass IVF (InVilro Jextilisation ) or Ics)

(Inlva CyToplasmic Sperm Injection)
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o
GENE JHERAPY

¥ Gene fhcmpy 77’(11'5 lo allesation in the
ﬁenolgpe of an individual To lreat o ﬁene.h'c

= disorcles -
Gene #lc-rapy exisle in fwo dfﬁ’cwenf ]‘bm::

1) Somatic Ceff \’]herapv
i) Gesm Cell U'he’rupy

<
?
E




Embryo

all cells
targeted

including
germline
cells

somatic cells
targeted

not
germline
cells




Somatic SND GERM (EL JHERAPY

e e

* Somatic cell thexapy involves alleration of
fhe ge.nofy'}ac of o Jomatic cell that cannot

Ul osis To form gomeles -
bdrwdc b” meipsis To fo 7 S

E- Germ cell fhe.mpy involves the infroductron

of the desived allele inly an ao%/& 07 o
peim cell which can Then be ﬁrﬁh‘sed In

Vr'ﬁ"o b produce zyﬁoﬂ'. That confains
the desived allele- Jnis allele will then be

ﬁamfcrrcd b all the cells whith »esult dve

o mibhic divicions of fhe 2yﬁoﬁ:-



o Geym cell fhempy 3 feﬁaﬂy banned in
many poals of the world due /o ethical

1ssues which ma” yesult cue o inlroduction

db Of dﬁﬂ?ﬂb’c a"dcs MIE #16 ’ﬁerm h*ne'l _
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X Gene fhem)o” lo h’é'atcvsﬂt ﬁbmsr;c /nvo-

ves The use of vixal oy non-visal veclors

O deliver the normal CFTE_:/!e.Ic /6:#16
ffecled cells -

o

&l' shic ﬁ'b 70S/S beinﬁ a 7ecessive olr'sorcley
@ con be mana?ed éﬂ ale.hi/crmi

the dpminant allele (noymal) which will

vender the individual helt'rozygoug.




Viere Vecror

s )
den oS
/»,a/;,’f_,_

Adenovector

.’ correct gene

Cormrected gene

Defective gene

NN ViRAL VECTOR

Cell membrane

Phospholipid (eenes or proteins Fuson

bilayer o be delivered \ ' ;""- biliver )
Flaoslloww

lippossaninie .- 1 4 L"Z’

=

rI!III ﬂilll"lifﬂll

MAKE LIFOSOME AbD DNA FUSE LIFOSOME TO
OR PROTEIN CELL




i) Vival .ﬁdfvew‘lr ._.Sysie-hvs
Yivuses Such as acleno vivuces which npym-

aﬂﬂ in)fecr the Iunﬂ cells may be used as
Oeclors o deliver fhe normal CFTR gene lo

ac !ung cells. These viyuses may be inhaled
O

i the form of aerosol droplels - Jhe vivuses
?

O

nler the Iunﬁ cells and f'n/éﬁmlé the. oomi-

am{' CFTR allele inlo fhe host cell 5ename+




Viral veclors are, however, not very cﬁ&ch‘uc
because:
a) Jhe mdividual may develqo an immune

&
Z
&
8,
¢

7e7)onse 07 an a/fergfc /btJ/JOﬂSE o the wirus.

N/ eﬂ(:d— of /hllymn'n? the dominant

Allele s Short - fived Since fhe lun? cells

re rﬁofa ced con b’nuauéj!




i ) Non-viral :beh's/erv \fw!eﬁqs ;

Jhe non-vryal deh’uay syde'im include :
a) prrd J/aheres Known as hpaaomcs -Which

Ohve inhaled in fhe fn:rm of drop{e&

) Noked DNA dam/oresscd in a small volvme .

one of non-vival delf‘vc77 s’ys/erb's have

O : L _ Lo
cen [00/. ffcchuc In frcahn? cyshc ﬁbrasrs
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<) Medicalion
x A form of ¢ ystic fibrosis aesulls due fo o.
base substitution which leods o ]‘ormaﬁ'orv
baf a Slop codon, fhenby,/)voducmﬂ G Non-
a’unchbnai folypc)oﬁdc .
Jhe 1ibosomes are not able o com/ole!E

ranslontion due lo nlrodluction 0f fhis J@J

E
gcadon a/ong fhe mRNA -

» Atalurven (PTCI24) /s o druﬁ which I's afuen
as o Pﬂ( 0 daU G, he!/) /oahén[: with This
form of cystic fibross.



xJhe drug Wi 7ks by Qnabh'ng the 7ibosomes

[6 skip the .5‘16/0 codon -

)
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% 79;6 fechnslo J')/ 6, jem&fc eﬂj'f?'ffrf y
rarmw on of jweneﬁ caﬁ// engteercq

o] ﬁamn msulin

u/f’

¥ Marter genes fo select fransformed

|

E ¥ Elechophoreslc S 1ts ap /Mca{rm 7)
/9 a- /b elechophorescs

b. DNA fl’ o f?
X (5{5)52' ]f%ros.«"s > gene /befw




Q’M&rﬁ: O/C a /Zﬁ’.@nis’ ONA
/b dgfeCf A F]rﬂq (ar
Allele
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.
GENETIC SCREENING
% Genelic scuem'nﬁ nfcn To 1he analysfs of
a /oerson': ONR To delect o paaficulay ollele.
» Genetic .scweemlng is of olifferent IEP?I which
{y Can be summarised as below:
') Carriey J"cnenm? fm’ Indlividuals £ Coupfeg

1Y ') Pyve- nalal &creem}oﬂ

B ..
ity New- Born §c 7eenmﬂ

)

E




() CARRIER SCREENING

* It involves seveenin a fw arrier Sftule -

»Individucile who have o fami(y hr‘.s/oiy a/-

ﬁen&ﬁc disorcler ,Such as breast cancer o7

é’rﬂ!ﬂ ccemia. ave ecandrclales fOT carrier

= 7ecnmi ,for example,, .('crecnm7 fb‘r BR(CA 1
Ind BRCA 2 Jeres in individuals who have
} fami(y hrk!o?y of breast cancer i important
/_ ensure prompt manajemmt Jj an
individlual s /M:r!:rve. for fhese ﬁener,Suc.h

an indiviclual ma U be advised elective
(scheduled) masleclomy -



X Qc:'cem'ng fbr carviey sfale in cauplec may
be advised Io deleamine the probability of

fmnsmilﬁnj the clisease o Thery affspnh?f
JJ both the /quenli are carilers for o

G

. pavficular cliscase, such as,cickle cell anae-

o fhen there /s a 25/ chance that the

child born will have sickle cell anaemia:

elol- -~ o

Ao x  Aa
As A
A oa A @

5]

Ay A A aa






LJ Amniocentesis

®

Ultrasound
scanner
Placenta

Amniotic fluid

Fetus
Uterus CathEtEl'

Ultrasound
scanner

b) Chorionic villus sampling







N
ii) PRE-NATAL SCREENING

¥ Sc :ecm'no ftn 9enc.h'r. disorders Fw‘or fo biyth.

X Wa"s in which }Jrc-natul soreem'nj can
&

E:e. cavried out include:
) Chorionic Villus s‘m/b/ﬁy —> which rs

areied out biw 10 ~13 weeks of gesfation

dpfeﬁnancy) In this ,ozaccdun , Q Pa'rt of The

)p/accntal tissue known as fhe chorion /s

sam/)led F Screened for genelic disorders.




b) Amniocentesis — which is us ualfy caryed
out blw 15-16 weeks of ﬁcsfattbn 9n this
procedure ; an ullvasound ?ur'ded needle

1s used [ sample out a cmall volume of-
. . . : + .
Mc. amniofic ffwd-f?’hrr f!urd contains /dul
o cells which can pe used o screen fw

O
‘9enchi: disorders.

E) InTra - Ulezine Blood Sumﬁm7 - In

Which the fetal blood is sampled from um-

bilical vessels - Jhe Wacs present withinthe

blood sample. are used p screen fur ?endzt

disorders .



d) Pre -9m/3!anta tion Genetic i)faﬁno.u's (PLgo)
R € mb'ryo Bfk’f!d —>/s 0. new Techm?ue
which usuaﬂy acmeam'es IVF- At the & cell

Sfaﬁe a cell is vemoved from mulhpfe

émbvyos and scveened for genetic disorders.

mbyyos with fic cisorders are diccarded
Rk s
Mwhile ofhers are ﬂansftﬂed h fhe fcmafe

)
O ulerus
®




— Pre-nafal Jcreem'nﬂ is usuaﬂy cariied out
fm' The faﬂowmi ﬁcnm‘?’c disorders :

a) Gene clisorders , Such as ,Sickle cell anaemia,

& albinism & Hunhhﬂ'fvn': disease -
0
)Chromosomal disorders , such as , Down’s

iﬁvndromc g Jurner's Jyndmm&

:’ﬁda and anenc.cphaly (no brain /)mmt}

) Neuval tube defecls, such as. the SPIhw
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X /ﬁ;omy

X pf"‘&’!'y/

rocchn
lee forurée. ( PEU)

Cg@y/q (e :ﬁ/t/myh@




iif) Ne,w Bon Saeemn?
» s usuaﬂy corriec out fov the /'of!owmﬁ

9enetic cisorders :

a) Pheny( kelonura (KY)

b) Hypufhyvoidrkm
Both PKV and hy/Jo‘fhy roidism can lead lo

~ o]e NG

ental vefadation |f not mana?ed Propesly

=) /xv s mmnaﬁed by camum:’nﬁ adiet free
of phmv/a!am’ne -
A nyﬂofﬁymidﬁrm is correcled by 0 f/crfn?

the hormone Th Woxfm.
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TOVANTAGES OF GENETIC SCREENING

- Provides information about fhe increased

visKk of /Dcople. havmﬁ Jeneﬁc conditions .

-9¢ identifres carriers of any conditlion -
a Jt allows wup/u who are both cavriers of

9¢nct?'c condition lo make clecisions about

1f1'nﬁ 1\ famfly :

- JE allows Pmenfs E/)Vepme for the birth

BY/ o chitd who will heed [7€éatment for o
considlerable fime offer birth ov even lifehime.
5-Jt allows ftof(c (o prepare for lale onsel

genefic conditions s Such as /Iunhhg/anfr

chorea -



- The ﬂe.ncﬁc fesls can rdentr'f whether the
embryos P?Uduced bj JVE or the ones that

de.vdoP in the ulerus are 90#}3 6 dew.!o[)

a gand'('c condition .

&
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¥ medied) §eyvice 0 df'o ohzeuss
¥ The nelfuve i [&:eﬁ"c A dex
 and Hie franemdtreg
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dxouss the tesufls
], od&'zst CD"E/T({C'(" c{:f' .('Crcci’ﬂcT

olol- ~ o]\ g




.
CIENETIC COUNSELLING
¥ Jt is a medical Sexvvice lo clefeymine the nalure
of fhe ﬁene,ﬁc. disease and ils Pmbabi{rﬁ of
& [1ansmission o fulire genexations

Yndividuale who offtz' 9end7c coumcﬂm? are
cvmcd as genc.hc counsellors .

> | (.‘:end?c counsellorzs mny out ptdr?re.e.

aﬂnafysw

> O'hc.y may aclvise ﬁendz‘c Screenr‘nﬁ based

on the fumt'ly hr:rhfry of an indivicdual or o

couple -



x Genetic counsellors explain 1he resulbiof the

9cne,ﬁc .ccwecm'nﬁ lests and offa advise based

on the risk of lrGnsmission of the disease -
W

Jn cases where the ﬁene.ﬁc .cmemh7 of The
&

i,myo indicales tholt there /s a ﬁcnch‘c

s0rder , o ?mcﬁc counselloy m“ﬁ advice

Eﬂ lexmination of pre?nancv as well as the
Q
ethical ond financial implications afhaw'n?

an affecled chitol-




é; JJj o couples lest is positive fov a particular
ﬂdc- that causes o penetic disease ,the
&

7endfc counsellor cxpfa ins how fhe disease

<
is [ranemitfed and may advise IWVF lp check

@foz the ﬁencfr'c disorders in The embryo /m'ow

lo implan[ation -




cgcnem'ni = Counfe//m?,ﬁ'l {ptc:'ﬁt cages:
A - JHALASSEMIA

x Jhalassemia. is a blood disoyder characleyi -

sed 69 /Jroduchbn of abnormal hacmogfobm-
--* It is an aulosomal recessive olisorder -
=d* Jhalassemio. aye of wo lypes : 0lpha- and
bda— d?cndmﬁ 4pon which a{obin chains
re, Pw‘maw’l‘l a f[cc'!?d
BY: Uniike sickie cell anaemia , thalassemia i
not specific To écfa-—gfobm chains -
Y Genefre coamdhh? has decreased the

ncrdence af halassemio. over the gears -



*Couples identified as carriers of the mutant

allele are counseled-

¥ Couples are advised on fhe ptm/bf(r'@ of'

.,/f’
&
O
<
>
E

G

lea mmatmi /DY?nanc.z, rf the ﬁfm has

Thalassemio. - Jhis is Known as fhem)oeuhc
abortion -




B'Hunﬂhﬂfan's Disease
*Hunffnﬂfbn s chorea Is an aulosomal dominant
disorcley.

xJ1 usuaﬂy dcvdaps m middle aﬁe-

) . .
7 (i enefic .ccrcenm? for hunh’nﬂfan allele

Vo . :
{D' oses efhical issues -

¢ Nafhmﬁ ¢an be clone o manaﬂe the disordey
@f fhe pereon fesls /Jonf?ve. fur fhe Hunfmﬂfons

q'He.!c.

(2 Jhe person may not develop the clisorder

fhrauﬂhou(‘ nis life deJ/)i@ the abnormal
Allele -
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@cncﬁtaﬂv Modifred Organisms (/05
¥ QMO0s are oqamlrm: whoge ﬁena@pe & hence

Po!ém ex/are::srbn has been alleved vio

b‘*cneh’t cngmcemg IEchm'que.: -

Y | ) )
GMO0s include both h'an:/ormed organums
fmnsﬁem'c orgamlrm: -/An orgam&m IS
@0cl b be "/7En.:/vrmcof ";'f it fakes up the
@w?n gene vio ﬁenaﬁc engineering - fn.
arganfsm IS coud o be ”Irtiru?cnr'c "ff It
expresses the gene (é hence the Phcnula'pe)
foﬂow:’nﬁ fransﬁ'rmm‘rbn-
O



xJhus ,all hansﬁem'c orgamkms are Trans fosm-

ed but all h’amfonncd organisms maJ NOT be
hﬁﬁﬂﬂwwt-
¥ C MOs ave now commexcially />roduced orv

a Iarge ccale fw VAYIOUS Seasons .

¥ While GM0s have Theiy own im/)aﬂancef

theiy synfhmir have soual and eftucal

l@mn@

2y/mp lications - Let's discuss a fcw examples
of GMOs and fheiy imporiance before

dflccus.cmg these social and ethical implica-

tions.



Enamples of GMOs can be classfred Info -
I- Gcnchtaﬂy modified crop /Dlanlf
a) Vitamin A envyiched pice (G0lden Rice )
b) Hevbicicle Resisfant oil seed rape /)fanr
l g tobacco plans -
f) bt modified coffon plant & maize p/anfs
>
E

d) Flowy Savy homatves .




d- Gcne,ffcaﬂy Modifred Animals

o) GM Salmon (Aqu adv’antaﬁe)
b) 6M insecls

| )am aiow 1N the dark animals
)N 4) GM chickens

QN &

e) GM mosquiloes

<
?
E




Fhese 7‘:,% wsére ?-?’H.'—'rl‘d

nlp Fhe ids of A. uns
o e o e g

(D psy gere (Daffed) dfrc:f'ha' 4
) yi¢ feans
Octl ]wz (batkeriun) 6{’;' )
&7 ¢ }KIS.E

= |
_s PPDION ACE haalhe
aleqrone @/ﬂ’ WrECh

= 2 /GCC,( and &Iﬁﬂcfed Contalix /g_@mm
T
} GM oL e Al B-anolene am be
E"ﬁ /,,éjm;fr /}—ctﬁ'fcﬂﬂ @nrg%hfa vit A
AT our OWh
@ / -
@ b o be Jored ereNt for nomal
ﬁ (m;/gm ?z/mf VG on dﬁw@
¥
WhEch f & poovsouurce Geos e el
"f ﬁ"éarz}m hawe Q fi@ S‘h&’/f L%?
ThE pvaqluces e a5
WHheTe pé?’cz - arted by Jfecrs f@:’

holh Poceti
o



&j Agrobactenum fumefaciens
bacterium ATV m

Insened T-DNA
carmying foreign
) The plasmid ; gena
IS reinsered
into a bacterium. & The bacterium is b
uséd 1o insen the o
T-DNA carrying the ==
foreign gene into the ;
chromosome of a © The plant cells
plant cell ara grown in

‘,/ culture
Recombinamnt

Ti plasmid

from the bactenum, and

the T-DNA is cut by a

Fesirniclion enzyme . © The foreign DNAis
inserted into the T-DNA

if ol the plasmid
@ [ P € Aplant is generated from a cell

9 Foreign DNA is cut clone. All of its cells carry the
f : )
o ihe sania e oreign gena and may express




Vitamin A ENHANCED GOLDEN RitE

¥ Rice contains aleurone !adcr Which is rich
In Pro@m and cerfain ]&E -

™
a Jhese fals medc a medium foufvrmﬁ

B -cavolene which is o precursoy for vifamin
O
< ﬂ_

?
E




x Brown rice contains aleurone layer £ /s
&y

hevefore vich in P-carolene -

Byown 7vice cannot be slored ﬁn’ o /on?

beviod of fime due To The presence of

Ealcuronc layer which is fhcraa/‘fé.r yemoved

b” Pohkhm? brown rice lo pmduce whi'le

yICe -




wilhile rice can be sloved for1 a log pexiod of
l'mc bul Serves as a/DOO‘J' fource ofﬁ-camfm
&

74

O3 hile vice can thevefore be geneficall

refore be genefically
> |

dfffcd o enhance the p-cmoléne conlent

O
fh:'n their endospem -




¥Jhe main aim Is o me'de vifamin A [
O third world, develo/omﬁ countries where

alnulrition and vifamin A deficiency is

B corolene is exivacled from a Baffocil (P‘,y

3ena)f a bac]e.rmm(ﬁ“gme)




*O0nce exfracled, these flenes are inlroducec

%%G’

3 info the Ty f/asmld [ [umoy 3nducm? Plasm!ds)

f-1he baclerium ﬂﬂrobacfmum Jumefaceins
I{onﬂ with thely fnomo{ers

@ These badlevia naluially infect The embrys
@
of fhe rice Plan/s:




*Mr'xr'nﬂ yice /Jlant embr”o.f with ﬂarobada-

G

um Jumefaceins will enable the uptake of

BN

yenes by the rice plant cells .

=

The badevium and T; ph.rmr'd seyve as

he veclovs in the process.

o




¥ When these cmbwyo.r drow Inlo o P{ant iThey
/Jroducc seecls fhat hoave an enda.rpe.rm vich

EJ In p-carolene-
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a- /b elecho % S
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X Q;h'c]:%rog"g > gere f‘/)efw
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&
Crop plars Anbmals

RY () Vtamin A enridhed 1) GM Alant?

< rice salmon
) @ Hai'clde fessrant
B o= e pionis
= foboico ]bmfs
@ &_ 'ﬂ’)Odl?f’d

maize £, "cotton
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¢ DISADVANTAGES OF G'M- RICE

*Jhe armount of golden
vice needed for suffruent

can ha/o/aap due lo ﬂena vifamin # intake m%bt

® lded via genetic engl'-
74

5 en’ng :
aa- cavolene is needed
make vifamin A,
hlch helps with eyc-
.Stﬂhb'
o can be used in areas

where vifamin A dcﬁui:-

ney is common so ff ﬁe//)s
fo prevent b Gneg

Joo ﬁxcat :

.sprcad(ng, ‘esca P’hﬁ ;
07 aossin? of genes
from 0encffcal{7 modlif-
led C70ps -Jhis could
creale unwanled Flmig

(wesths).
* food from M planls may

harm IDCO/JIC-
sseed for GM planls can 6

cx,bcnsive :

Page8



BEEEEE N

]

HEUSER

0 (ﬁﬁomd(omfe‘t Vil

(] qocources There /7}

¢ wQeiry The. dse F herblcUes
‘hﬁceSSd'y

¥ hervictde Sprays contain ;

jyﬁ/)oqu 4 f/afogz“m/e

7

he : é’fyﬂ 5 /’7’0'7 laly nfﬂe/
‘”‘7”2” & 7 ne and
/ Wm/pban

J

Lact of these
ammecéds | rt?q/

10 adkarthd vt

Page9
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JERBICIDE RESISTANT OIL SEED RAPE PLANT

* O/l seed rape plamli are grown very COmmon/y

5 in many parrk of fhe world -

chds grow a/ong with These Iblanli anedl

= comleé fm soil resources such as soil wale,
¢ oxygcn .mineval 1ons and nulrienls - Thye

).
Euduus the 0Idd of oil seed rape plants -
*/fcwacl'de s,ma”: are fheve/me used o Kill

fhese weeds which unfo rfunafely affectthe
oil seed 1ape plant -
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¥ Production of herbicide resislant oil Seed
rape plant via. genetic modification can

therefore fackle the problem by ki(h’ng The
Y weeds wifhout a fftdlnﬂ the oil seed rape
/olant in The presence of herbicide sprays

X Jhe ofl Produced fTom The seedls o/ fhese
planl‘ is used for the /ollowmﬁ purposes:

olol - olo S

- as a biofue|
*as a [ubyicant
* household for human consumption -
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x Jhe main co mponent of herbicide sprays are
the chemicals jyphésab: ¢ Glufosinale

which compeﬂﬁvdv inhibit an enzyme
involved in the bi'o.rynﬂ»e:fs of the amino

& _

pycids Iohcnylalam'ne ,Iyrosinc & I'rwyslphan.
&
= Jhese aminp acidls are essential for fhe

yowTh of planls'

(cr/m'n mfcwor&mm'sms /noduce an e"ﬂmc
ahat Is not affecled b” The herbicide 9'{7-
phosph ale gnd jbfog‘/’aqt
2 One such microorganism s fhe baclenium

AgrobadEw'um Jume facems :
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* Jhe gene ﬁ)r this enzyme is ﬁmcfowe exlyaced
W)

“as

aom the baclerium andl gcncmlly engincaed
inlo the secdh’nas of oil seed 7ape /olank :
E vhese sccdh'nﬁs are Wown in fissue cullure

g& produce ‘7cneﬁcalli cnﬂmcaed ol seed
yape P/an{s
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2 Jhe ofl /noaluccd contains loxic chemicals,

G

2 such as » Zwicic Acid - A ﬁcncﬁ(afly modiﬁ'ed
&
Y rain of oif seed 7ape planfs producedin

-~

Manado. is low (n i(§ acid confent & is

clo

mmonly solel as the “¢ANolo il ?.
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ZNVIROVMENTAL CONCEQUENCES OF PRODVCING
HERBICIDE RESISTANT 0IL SEED £APE PLANTS

\

* Evolution of hevbicide Aesistant weedls.

*Jransfer of pollen grains containing herbitide
Osictant genes o the wifd relatives of the
E.sced vape planis - Jhis problem canbe
? led by ,olanﬁn? these crops at a safe
C>] fance from ils wildl relatives 200 m)

e | ransformation of herbicide resistant
oil seed rape plants inlo a 7riculldra[ weeds -

*Jt moy lead (o reducfion in genctic biodiverdy

owr o /ona peviod of fime -
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PRODUCING GENETICALLY MODIFIED HERBICIOE
RESISTANT ToBACCO PLANTS

ok Gmcﬁcalllx, modified Tobacco planis contain

Z
genes which confer vesislance To herbicide

{? containino .sulfonylurcas-

>

B
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¥ Govm-hovers anq colfon kol meeut's

Qre ihseclt fhat faed on these cnp
227 fﬁcx@ xeductn n tely yuc/J

¥ Jhis ymakes the wse of thsedl2dec
necessany wWiuoh

* Bhls The non-ronget et Speaics
as well 7%3/?/37 /zedua?gr é%q‘ﬂfy;fy
Bacllye +h,
“y

9 , corn-bovey
¢ I Forin fprotedr —<
f"’(’ i ) Colbn bof| weey/

as
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Gencticalty Modfied Maize g Cofton Plants
* The ”/éld: of macze and cotfon planis are
S/'ﬂmﬁcant/y cy}&/&d b&' /oc.c& +$uch as, corn
&y borer (maize )# cotfon boll weevil (cotfon) .

Jhese I.V)SCCE fower The y/dd 67 ]%cdfng
{?. these Crop Iolan/i,fhneb?,maklha (€

ecessmd o use insecticicles .
0

Use of insecticides has envivonmenta [

come?ucnce.c,Such as aeduction in b/'ool/i/cm'{,’

due lo thery e[/cd on non-fargef insect
Spca'es-
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*Genetic modification of maize ¢ cotfon plant
b make them aesislant To inseels can therefore
@'Jm.eso cut down the use of insecticitles
H’ partteular loxin known as The Bt [oxin

PoTcnl'l'aII\d Idhalfor these insecls -
@ Marze & cotfon has been deneﬁcaul/7

@nodfﬁ'cc( lo produce fhis Bt loxin b” inser-
f!'n? fhe ﬁe_ne fm' this loxin rnlo Mese ,D(anl.'t.
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¥ Jhe gene fDY Bt loxin /s cxh'aCTedeDm

the badeyium Bacillus J’hu'n'nﬂ/'cns:’s-

* Jhis loxin is lethal To insecds bul harmless
] Io humans

=8 The [loxin M(Iu:'re: an alkaline pH for

o , : : s,
ch’vatlon ancl ﬁd‘ inaclivaled 6}7 the acidric

@oH in the human Slomach -

BYcnetic modrfication encures that onlv The
insecls That feed on these planis are a/‘]tc/e_d

while ofhey non—!m'gct‘ slbea'es .sfav un-
a/[chEd :
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vivonmenlal Jmpact of GM Maize 2 Cotton

B0 e
3
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adverse

x Jhaﬂenv:'vonmcntal consequences of prod-
ucmg Bt m0dlfl'ed cr0p P/anli include -

* voluiion o f- Bt vesistant rnsect sl'a:'ns :

v 77am/cr of Pollcn ‘7mms conlm'nin7
py'e fene ﬁnr Bt loxin o ofher wilel plant

pecies for example, plan n'ng Bt‘-madffr%a'

&
©
Waize (h Mexico has a/)ofcnﬂa(nkk of
?

n:fcm‘na the Bt lxin ﬂcne lo a wildl 4¢lative
@ a maize Plant,.?cosfnli :

o Jood chain may be affecled due To 4ecluction

in the no- of corn borers % cotfon boll

weevils -

* Reduction in bl'odr'ucm'l& :
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¥ Znvivonmental advantuges of pwduu'n7

éﬂr modified ¢rops include:
o
4
>

Decrease in the use of insecticides -

Non- fa'rgct épca'es are not q //%cléd becaure
nI, fhose incecls which fccd on fhese Crop
glanli die clue b the [oxin -
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Stvalégies o counlévact envivonmenta/ congeg-
uences gf at modi{:‘ec{ eYops

N

et & 5’«/8’ Alontty 4&/00(6
aes \ ctan, 1"/] ,(-e(;lj M QVD(%)’ he /%?77
]@D @D:’ he mintmiced f/:(ﬂeﬂ s /'D
§ V2 ADR (/»73/,— (7"’

Q

o‘“ﬁﬂ’jc ) ey el celaknes

R x
R
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J a/cg:cs Io coun ounlévact envivonmental conseg-
ucncesgf Bt mod:[led rops

HIGH DOSE REFUGE (HDR) STRATEGY:

¥ Jhis involves culh'vatl'ny non- BF maize

ém'os q/onﬂ with Bt maize cro,:s-

Most of fhe adult corn borers infhe Bt
o
molize ¢70ps woulel have developec resistance
>

?am:l' the Bt loxin -

@" R recessive allele (7) is re.r,oomlblc fm

con/cm'n? vesisfance against the Bt foxin-
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pe-
x Most of the acdult corn borers /hAmaizC

frells will 6e homozyoou.s recessive (1),
whereas, the adult corn borers in non-nt

gmaize fields will eifher be homozypous

dominant (R€)or heli'rozydou: - (R7)
X DR Sh'aliw aims o allow crow'n? bfw

Bt maize and non- 8t mai2e adult corn

slo] - olo S

borers So that most of fhe oﬁs/m’nas are

hc!c_wozydou: and fhercﬁ)re not resiskant I

BE loxin -
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SAFE PLANTING OISTANCE :

x Jfor Bt maize planls 07ow in Mexico, fhere
is polential visk of h&mfcm’na the gene
fov Bt Toxin [ ils wild plant relodive, Jeosin'e

a Pollen Tams ﬁom Bt maize Iolcmlic can

By rovel in wind fo7 R hours-
4

s «Uhnc/on, planh’n7 Bt marze ¢70ps al a
E

m;aufc disfance ;Such That ils wild selatives

are not pollinafed - <Jhese /_»ollcn grains

ean veduce the visk of /vrminy wilel Teosrnle

Planfs with fhe ?enc /or Bt -(oxin -
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[ /4714 Acﬁ/mv‘q?-c) 2 space)
¥ tonfy <alwon 7akes 3 }lmzs/ Lo
Sro o s full matwe S
* Atlanhe Calmon wcoures & feacone
/Dj(ow o fl fll ede buf # only
Jrows (1 sumiess 0”7' $porirp.

X St lacre agene e 8od ot
7 ofhes ceacons ! /5"

¥ We ex fract %67\7}3 [Jmofa o1 gne
eGulahyy Sene) and 1k /bmm%z and
sert P+t the mba}/o cyf he
alfanlt. La/man

X The GN| <atmin s lo m/q,/
S‘/}e 74 75-/675
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Gcnch‘callly Modified Salmon

x Production of GM animals is nhot as common

as fhe production of 6M Crops-

G

an few animals have been ﬂencfl'callv

odifredl 50 far and even fewer have been

pproved for human consumption -

ool o]
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a2 Mn example of the GM animals is the

&Salmon fish whith is u.rua117 avarlable by

E‘hc name of Aqu Jldvanta?e

o
;M ATlantic Salmon s Ioroduccd by msexlin
> 9row/h hormone regu/ahn‘c, gene alon?

l'h ([s /aromolcw inlo fhe fertilised 99 of the
.salmon
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xvhe 970th hormone rcgulah'n7 aene Is

exfrucled from the Pacific salmon . wheveas,

ﬂ"mlhc yomoler is exhracled from ofh ;
: p s f‘l m ofher fish

J/Jca'e: ;Known as the ocean Poui :
©

<

M 7he non- gendl'(allcl modiﬁ'cc/ Htantic
@almon fakes 3 years lo Yeoch s /ull malure

Si2e because It only grom dun’ny ,c/m'ng

& Summer each year:

Page3 4
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» Genehc modification of this AHuntic
Salmon enables (€ Ty gmw r‘hroughout the

year which is why it reathes ifs malire

8r2e (n only 1€ months.

x Jhe GM Atlantic Salmon is not known o
disturb the eco/oafca/ environment in (ls

nalural havitat , thevefore, the production

ol0]- -~ ol S

of GM Mtlantic Salmon has been approved
63 7e7u/07/'n? authorilies , such as FOA
(food £ Dyug Aidminisivation) .
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* gene fechnslo 9/ ¢; jmoﬁz enj(‘}rerf’y
* /rcdu(ll‘l‘)on 0/5 enelizall C;Zy%ecrrd
Haman neylen j J
ed * Marter gepes 1o goler frars fovmed
M Sacirh 4
N * PR
(8] » Erecho /Jhomsfs S its qppleatitn )

a- /b elecho % S
b. DNA /:wf!c G’y
X Q;h'c]:%rog"g > gere f‘/)efw
d (,‘ema%afjlu modified organtims (§M05)

Page4‘



B EEEXS DN -

]

HEUSER

* Ofecion, WSStO/S and am/ysé
?[ éb/%c('w o n/ormw oz asfga
(Dﬂ/)dh dalabasec
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BIOINFORMATICS
xJt is the collection, procew‘ng & analysis of

biological information £ dala u.cr'nly compuley
databases.

\ Jhese arve databases hold:‘nﬂ M avatlable,

& . :
= onhhually updaled informalion sych as thes

)

nucleofidle seguences of genes (gene sequences)
@ amino acrd sequences of prolein

a whole 3enome J‘cquence:

* mutations

* prolein slvuclares, and

o /ohcno@/)rc oa/a -
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Genetic Databases
® Ensembl

which holds dala on the genomes of eukaryotic
0 rgamlrm: :

&' BLAST

ba.n'c local alr?nmcnt search (ool ) is a comp-
[y softwave which compares nucleotrde
prolein Jc?ucnces-

@ GenBank (DNA Sertuence)

e UniProt

(Universal Prolein vesource )which holds info

on the /m‘mary sequence of proleins ¢ their

func!lbns -
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*PDB
(Profein DoTa Bank)is a database for the

fhree-cimensional slruelural dalp fo'r /mye
biological molecules ;Such as ,oro7eim £

& nuclerc acrds.
% S
. Cosmre
atalogue of Somatic Mutations in Cancer)

online dafabase of .somah'cally acquted

u(‘ulionr found in human cancer .

® Jhe Human Genome Project -

(HGP) is an inTesnational vesearch effort (3
delermine fhe sequence of the human genome

& idenll'ﬁ, lhe genes fhat it contains.
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BIOINFORMATICS HAVE A ROLE T PLAYIN -

- fa'rgcﬂm? dmy cle.n'gn;
- l'nvcsh'gaﬂny evolun’onary links b,7 compar-
dbiny gene £ pYofein sequence dala,
Jca'rchl'np for the functions of genes;

/denfifgina gcneﬁc risk fac lors ,

% iden hfyinﬂ mutalions

E—’ gene ﬂlcmpy;

can now be accessed via databoses- Jhic r's

- Jhe enlire genome of Plasmodium Specres

useful in dcvclo,bl'm'l vaccrnes a?a:‘ml‘mala-
ria fo conlrol the hansmission of the

malarial pa rasife -
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(DNA <ty

/Hé C/ma/qj)

O (ompare 1he ﬁmmo qelermie
ﬂf/ﬂb’& C/)fa’cs (A and B) Z gfe

&)

noymell Vs dideused
@ls

ona pr 20,000 m:mo])icr
s

SoL P |

dr]%:m{ o

B 6 EEX3 OXY
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MICEOARRAYS

+ N microorray /s maole of flasc o7 plastic
. < ol e
with an area of 2em contmnma numeyous

bmfcmxcopl'c DNf spols (o7 wells) .

as

aﬂhcrc are a/op'ron'mafdy /10 000 o7 more

Y ifferent wells perem?:
<

g Numerous copies of @ Ibaﬂl'cular DNA

@owbc are /n:smt In each well -

N/ /orobes aze /rom Known locations

acvoss fhe chromosomes of fhe o7ﬁam;cmr

Involved -
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* Ml’croarra”.c con be used To compuire the

ﬁcnes /orc:cn’t in Two d:f/‘crent.c/ocab:-
/7>pcc¢'cs A and B

¥ DNA from each species js cut up /nlo
/roﬂmenli and denalured dl'vc /e_ngr‘hs
O of single-slranded ONA -
Jhe DNA is labelled with fluorescent (étg.w
reol and green for the different specres -

3 Jhe ONA from both fhe Species s mixed

olofv -~ o

@ loicfhew and allowed (o hybn’clfse with the

Iorobe: on the mfcroarray-
A whe unbound DNA is wached off ¢ the

ml'c7omra(7 examined undey f(uore:ccnt Il'ght
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X Places where hvbn'dv:ca lion has faken Iolace
are viscble undey the fluore.rcent /:'ght-

x Wheve DNA from only one gpecies hybyidized,

afluorescc: ils Ae.rloccfwc colour .

B} Where DNA from both 1he Species hdbr/di-

<

e > yellow colour is found -

@\ Jhe m:'c'roanav 18 scanned £ fhe dala

obtained sloied in o, compuler -
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G

t can also be used o delect the expression

genes. ot example i noymal vs. cancer-

¢ cells-

Bloie = o
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Cancer
Cell

Not significant

. Not present in cells

_J) Present in both celis
Significant:

. n normal cells only
Reverse
Transcription . n disease cells only
& Labeling

I_'l'_'

NOEORCNOR
O

\

Hybridise

oligo sequences

on microarray
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Gene therapy can be used to treat some genelic disorders. An appropriate vector is chosen to
carry the normal allele into the target cell. Three types of vectors commonly chosen are naked
DNA, viruses and liposomes

(a) A trial of gene therapy to treat cystic fibrosis used a viral vector. The viral vector caused a
primary immune response with the production of memory cells

Explain why the production of memory cells prevents the gene therapy from working in
long-term chronic conditions such as cystic fibrosis

wpol b’aa/‘mrﬂ/' Smuletiee. g ok arq/f'q’

;ﬁﬁ’ &3(07@77 ir(mﬂc/ne 0%7
e oves
# _,wmwwl(nfdw Hee. gz/m,m f o

et Qllele ..

(3]

(b) With reference to the three types of vectors that are commonly used, discuss the challenges
in choosing appropriate vectors for use in gene therapy

Do not include problems associated with an immune response in your answer

v 1l vetlor — infecyah®n of e allele ..

e post @l .
¥ tf?osamr Vmb’ —> Faurrrf abv‘"&"
Vi 4//8/1' /Stf? delyere
(e <
¥ naked DNVA.—> :j/f braten . diron

Cf/abf 4 e O
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(c) Atrial was carried out to find a new vector for use in gene therapy

The new vector was made from red blood cells taken from the person with the genetic
disorder. The cells had most of their cytoplasmic content removed and were then broken up
to make small spherical vectors.

Most of these vectors lacked the ability to bind to receptors on the target celis

To solve this problem, genetically engineered stem cells taken from the person were used to
form red blood cells. These red blood cells had membrane proteins that were complementary
to the target cell receptors. The vectors that were produced were well-tolerated by the immune

system

(i) Explain why the vectors were well-tolerated by the immune system

el o ces...lod .. L. cmofnzs
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(ii) Suggest why it is not possible to produce genetically engineered red blood cells, except
by using genetically engineered stem cells
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Lung epithelial cells have a thin layer of watery mucus on their surface

The normal allele of the CFTR gene codes for a transport protein that transports chloride ions out
of epithelial cells.

Fig. 4.1 Is a diagram of part of the cell surface membrane and the mucus layer of an epithelial cell
with normal CFTR proteins

outside cell
} thin mucus

layer

cell surface
membrane

Ci water

inside cell

Fig. 4.1
Cystic fibrosis (CF) is a genetic disorder caused by having two recessive alleles of CFTR. In
severe cases of CF, the transport proteins are not added to the cell surface membrane. This

causes the mucus layer to be thick and sticky

(a) Explain why the absence of CFTR proteins will cause the mucus layer to be thick and sticky.
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(b) The probability of a baby having CF when both parents are heterozygous carriers for CF is
25%

It is possible to carry out prenatal screening to check for CF by using one of these tests:
* amniocentesis, using cells from the amniotic fluid
<

. chorionic villus sampling, using cells from the placenta
Both tests slightly increase the probability of the pregnancy failing (miscarriage)

Outline the advantages of carrynng out prenatal screening for CF.
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(c) Embryos produced by IVF may be screened for genetic abnormalities:
* o test for a specific genelic disease, such as cystic fibrosis
. to check whether there is an abnormal number of chromosomes present

To improve the success of implantation and pregnancy, only embryos without any form of
genetic abnormality are transferred to the woman's uterus.

A new double screening method was trialled where a single embryo biopsy was taken and
used to test for a specific genetic disease and to check the number of chromosomes
In the trial, 1122 embryos were tested using this double screening method

In the trial, of the 1122 embryos tested:
* 50.6% did not have a genetic disease
’ 27.5% did not have a genetic disease and did not have an abnormal number of
chromosomes (normal embryos)

Only normal embryos were transferred into the women. The percentage of embryo transfers
that resulted in pregnancy was calculated

The results of the trial using double screening of a single biopsy were compared to the resuits
of IVF procedures that used standard screening methods, as shown in Table 4.1

Table 4.1

percentage of embryo
IVF method transfers that resulted in
pregnancy

IVF with standard screening 32

IVF with double screening 49

D Using the data in Table 4.1, discuss the social and ethical considerations of double screening
for cystic fibrosis and chromosomal abnormalities in a single biopsy
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