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Krebe cycle

tH, o

/)
amino  decid ’—&T) keto acid  — Tcspfred / converted

Nt 5 inte 8(uco&e,/ fab

«co, —— . Ccolnr),  *H,O

Urec

Urea: . main n:"lrogenous €)<crefor% product®

L diffuse from  Lver — Hood  plasmat — /vdneﬂ tlters

ureo.  —> excreted

broineh of
renal -

-Qrferg J‘—M\ ",‘ )

o ——

e

-vein _a

K(dn‘egr
- receives  blood : renal artery
peduras o e M vein
- ureter: parrowo tube carries ucne
from kidney  fo. blodd er
— urethra: wine 1o outsde ﬁody
medudlee =~ kidney covered by fough “&zp&u!e,(
- beneafh is  the “cortex’.

w ; V{4
- cenval odect * medulle ”
th medula

where ureter joins Lot
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The  nephren artericle

(&of of
Henle

atferent

~* _blood  from  renal Qr‘rerﬂ

N the cup of Rewmon’s

>

in 2 “stage  procese N 2.

efferert

artenolc

rcnod ou(*ev&
__“ N ® renal vein
rox<m<l -

convolufed |
tubule

convoluted
| tubule

|

L= or l,[ec:hhﬂ duct

A

cxswﬁdﬂ'rﬁ/} S(/ pelus
N

Limb ‘j lo-H.

Each nephron  how o network  of  bloodl vessels assoerated ot

offerent ciurtericle —> s;lomeru/ug

capsule — efferent arteriocle

== nelwork of QOP//bH‘E’S ,,r_unnmg',alongs/de _The. nephron,

Bowman's cgpsule —  preximad conwoluted hibule  —> locp of tHenle
T distal  echvoluted tubule —> Clecfmg cluet — pelus
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4. Ultrefiltrahon

Rlood in glomerulus  separoded fom space. insale  Bowoman’ eapsule :

-

endothelim : cc(/m‘//ary woll - 4 -coll thick | woith pares

basement membrane. : network of colla(c]en + glycoprateins = filter

poclocytes Cepithetiocd cells): inner lining . of _Bowman’  capsule;
tiny, finger - like projecions  wilth gaps in. befween

bloool  in glemeralus: high pressure ' effereri s aller_than affer
= _ molecules  porss through 3 sfruchues via pores ond geps
- basement membrane = flter for sraller moloccles
Glomerular  Rltrode Lot pass

- weder i - cells —rbe

- glucese ’ ‘ =% whbe
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2. Reabsorphicn i the  proximod eonvoluted  tubide
selective  reabsorphon: The movement of certin subsiances  fron

the filirote  back infe the bileod and  kidney nephron
Smgle nger of eubo idal eprtheliad cells (pect bhnng)

- microvlli - 28A  surface - fac(ng, lumen , folded

‘cvaht junctions: hold edjercent cells  together
5 Afluwd cant pass  between celly
- T mitechondrix: energy  for  Ne™ K™ pwhp  proteins

- oo’hampoﬁer pictein  2out ofd 2 into

Rlood  frem g/omerulua
= Kt e K7 pumps 0 basal membranes o} pet
acﬁvel(d pump Nt ocut of cellh. <5 Klood

~3 bases - L 0m" ]oimsscls - el g aming oy

lhrough o - fansporter  proteins T R
G carry glucase with  Nect
nfe_blood G through cellk, dffue inta  bload
- movement Na' + ghucose = VY in blood
water Cvio. osmesrs): flom tubtle —s cell —  Nood inta cirenlodion
- & 3 ueo U regbsorbed ('fﬁmbm,,) Secsl ggro o
Fluid ,

in tubule
lumen

2Na*

Glucose Na*-glucose symporter

. Glucose facilitated diffusion transporter
eeeep Diffusion

’ Sodium-potassium pump
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3. Reabsarpbon in the logp of fenle # oc/kc/ﬁmy duct
Loop of tanlk: buwld hgh conc of No' and A~ in meduwlla
> adlews highly corcentrated  wrine  tc be produced
— preserve water —  prevent dehdolraﬁ‘or’\

descand«‘ng : permeable to Ne* , H,O
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@ Qscmdtrg L '
3® impermeaable to +50
+— H, 0 \\JOJ\ | f
> 2 4——?——
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= o el Y desco,ndiﬂg umb
2 (,_._; 7//
Na‘/ y SN 2 @ H,O in filtrate “— osmasis — hissue Flu
o

frorm dcscandfng Lmb
@' Not, C diffuse into loop
—  flwd more concentreded  towardy  hottom of  locp

®. SO cone = Not Q- diffuse.  cut Oj MNmb  — #issue  fleuol
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Usmoerequlathion
L control of ¥ of bodtz( Flao s

involves hgpo#m:lcnmus, posierior p:"fudqrg 9lcmdg) k,dney

{

pasterior Pt fcmj

L'J\L N ‘aloc;d 7’
o5 SIQHO‘
~
Ssmare cepfor & B g along neurone. — simulate ADH release
[ detect (—‘ Cantidiureche hormone_)
* specialized  sensory - pephole  hermone
neurcnes in hnj,:oThoJQmus B -\ H,&  loss in wrine

Sﬁ’mu!o‘h‘na H,G requrph‘cn e kldnegs
ADH: acts o cell - surface

membraine. o eotlech'ng ducts  — more Per:nQch(L o woder

_mermcregu/cdvor\ = contrel of bedy t° (core %)
= central  thermcreceplers in hypethalamus  and spinal_eord|

clefect 4 blcool {° = serd impulses

In  the ccld : : In the heat
- Vono cenric ien {—physic = | - Veasclidahon
% Shivermg . s loaicol - (,Cwer,:ncg bod‘d hOu'rg
( = .
: . t. k :
Rousmg hody - haurs -eesponses o N sweat preduchion
- U swend ’)roc(uch‘cn i \ :
_\ | o : Mo TR S GRS oy +
=T odrenciling cecretion / —curling - upJepreadling cud
o behavicural respenses “— our cel / thick olcthegy

hypothalamus  releate  hormone —>  simulate  anterion

p,‘na)‘qr% q(cmd i secrete 7h3rc«:d, thlu((}.ﬁﬂq hcrmoneé T_S_H)

7 stimulede  thgrod gland  to  secrefe thyrexine

. Thﬂ roxine 4 pmetabolic rofe - T,,_lnqt;)amducﬁcn, ep.inliver

) N ] et

\v > Progu cthion
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L 4 controfled bgf hermcnes  secretecl bj endcerine  hissue it pancreqs

L
islets of Lcmger hang

- & cellx : gecrete CJ[LLCOgCn },9 - receplorg » coordinate  acfiong

- B celln : secrete nsulin
A negoitive feedbeick  control mechanism |

= (A% géucagor)

™ e
- mere insulin e
Recoplors: Effectors -
A tp cels ~ Liver respcznd)s less glucagen
ofeiecf rse = na  glycogen brecikdocon
high /Kl - lver, muscle, fat celln T insulin
[ bloed glucose U\H - et Pcl;‘"fﬂi\ sl glugqse uploke

//‘

B e [bléoo/ g/uco&e]ﬁ

A

cyclic  AMP:  cecond messenger ;- response 1o glucagon
* adrenaline.
" cell srgncd ing in  the control of  blacd glucase
= hormone - receptor infercchon ot cell  sur face
- formodion  of eyclic  AMP —  binds to  kinase proteins.
- an . enagme. cascade i VCI\/I'r\S actvatiort  of enzgnes

b(‘;f p}vcs/;hond/aﬁon lo ampl[ﬁj the. srgr\aj

- cented  eontrof of effectors
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harmone = recepter interachons of cell surface memibrane.
glucocgcn hinds 1o recepter me lecales ot I

— activates G pretern ——— oachvate s enzyme
: j’ ‘.lr‘-'r\,/'v‘!f(r o(znd

e < e
ATO =2 loyelies - AP ) messerger

—

‘ cﬁcuc AP «  bhindls withe  kincke enz¢ mes
—— PhOSPhOr%Ithe& other en2yimes

Le> enzcjme, casceccle s cmer‘f‘?‘eg on\cjina,( gtgncd %( g{uca?cn

=~ presence of gluccse and  kelfenes in urine A dicbetes
L 1 abeve renal threshold

= net all | gluccse wos reabsorbed from  filthate . PCT
- protein. in. urine  for leng  periody of tme

¥ Kidney olqmozgje/mf’ech‘cn & h.‘gh bloed  presgure

1. ~D_:p__st_iq<_c : fest o for. g,wbose, pt ., kefones . proteing
~ urine unodtdsrs 2 IS ; i gtucosa oxcclase

- A immebilizec] en2ymes : pemx/‘o(ase,

g lucese exidase

= 3£ucose, - > g/acono,lac“rone, . B LN R
- ) - — . ~ros
= "OMOSCY'\ Peroxfdase- e
H.O, + colorless chemical —_—

darker ecmpc,und

Shewos sugar level N unne. foni blacleler

NOCT  current blood sugar leve{
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. Brosensors -
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- Algad anqéyws - quantitatfive data -
<
L 3 pocd ,‘mpregnod‘eo/ woc tn ?(ucose oxtclage. =
-

Oqtal%jses recchen 7o form gluconcx/acfcﬂe
G generocfeg ﬁmj electric _current

= detected bfj electrode.  —> read bg meter

4.9 HomeaostasiS n Plam‘s

¥ stomata  have O(Q(‘((J rhgthms  of openm? and e/os:‘ng, and dlsa
respend  to /) environmentad  conchhicns  to
- allees  diffusien of CO,

= regu,(oje woder  {oss A‘j ‘h‘cmspl‘rodfcr\

opernt  stomoc clesed  stema
-t («‘gh# mfensl‘#g - darknesg
- VIco, ) in air spaces - Mee,] it air spaces
: Zc,w,,,,huml'cln;f\d, = AL

- water sfress

Open.ncJ aind closing of stomata

ik P N 4. ATP- poered proten pPUONPL
h ﬁ/\d v qcﬁveltj transpert H' out
£ \.. \ ‘ . d\cu’aiv
: \ \\ . fow [LHY)  ondl - veintide cell
ATP  ADPARY |
' E e = K" chanmnele open — diffuse in
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[ var 4. H,O moves in vicc 0Smmosis
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Structure  of stomatex
= each stomatad pere.  surrcunded bé/ A gugrd cellg
= ?LLCU’O/ cells :  —— iur(az‘d L apen (gcu'n H,C)

flecciol: = plese  (lese HZO)

Abscrsic aerl s stematod  elosure

L ARA = gstress hermone e .q

pa

- closes  stemata

L"“w(uee trancprra'h‘or’\ . U woder loss

ABA - _ binds to surface cell receplorg
—  inhdbrts proton pumps: Sfcp B pumpec/ out
- stimulates  movement Co’”

Through c:s. membrane , cytoplasm, toncplast

S messengev
-~ achvete channel protelnS ;. -ve jons lkave cell
——r Bhen—_ ¢ "oalless K7 teqve }net mevenment :
clese " ¢ o K7 G enter K' (eaves

less  of yons = TV ingde cell - H,0 passes cut by

0$MQAgrs = gL/LGI’O( cells. — Aflacerd = stermatel eloge
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15 Contrel  and co-ordination
IS.I- Control and ecordinaion in mammals
a) Comnmunication eystems  that  cc-orclinate. responses  to c/'ongés
M the infernal + external environment
* endocrire. systems ‘ glancdk secrefe  hormone g
—  chemiocal messengers travel in  blood

< Nervous sgsfems ¢ nerves  transmil infe 7 :‘mpu/ses

I ) Structure.  of sensorg % motor newrones
T Sensory  nedrone : tronsmit 7 - receplcrs — CNIS
- intfermeditde / reja% / sengorg neurone. . —  moter  newarone

- mofor neurcne 7 = CNS  — effectors

~S€f1$0 Ykﬁ neurone -

= _cne long oxcn with cell bod(d

= near  scurce  d shmult / swellma

Schwans cell }ﬁ/c
i S /‘f
Gk AN ,,‘40
node t;fl \
oA Ranviee

AXon. Sbmpﬁc

knabk

Mator neurone - e cell body —

= cell body u‘eg i spinal cord/ brain - (nucleus  wocthin )

= dark specky in cytoplosm : RER synthesize protein

= dendrites . _highly  branched TSA for endings of cther neurcnes
T oxon : conduct impulse over ,,lChgfdfﬂGD_Qﬁ& , P mitechordriq +

vesicles + tonsmission substances
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c) Sengorg receptor cells: detect stimuly — gﬁmulqﬁ'na

transmussion  of  nevve. nmpulses in SENSAry  NeUrones

d . %
) Reflex are.: Pocrhuomj Cdcng which ;MPLL/SQS are. tansmi thted

>

from o re c;;,ptcr

s s e ) . t
an effector corthout mvolvmg concarous

regions o the broun  (heat [lghi / pressure /poun )
__Senscry motce
Feceptor o TR ES. wfera—3— = reffegior

neurone necrone.
i A > —>—e)- 7'*9\9——}”
—o>—® e

reLQLj NRUroN €.

sensary. , reloy, motor neurens  found N serreg

Nnugaanadogogadgnioinaias

& controls  fost, autco mohc responses  to shmuls

B

e) Mﬂetma Schuwann  celly (speciadized ) wrapped along oxon

1.1

A7
Llpl‘dg * proterns = my elin sheath
\%
affects %peedj 7. conductan

Transmission  of nerve  impulses -
=l

1.4

Ls impulSeg/s;gnQLkr brief 0hom8e& in  distrbution tj 7 charge

across  cell surface membrane —> achg@gﬂ*,pcfemﬁfﬂ;

Tocause : yopid mavement of Nt and K

nte) cut of oxon.
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@ Resﬁmg pctential

- insrde. cj OXOTT

= potentral olif:

S“ghﬂgj -ve
‘@C)rﬁ\/ to ~FOmV

= Pes‘n‘n% potentcd -

v
less. tHhan outer

i 3N’

+

T potential  produced + maintained by Na' - K pumps

membrone  proteins
use_energy

front ht]o(rol(dws cj AT
fer —K°

: achye #amport

more  chapnela

B ZQrSQ, “ve molkecules inpude cell ottroet K Y

=3 dess K diffage. wirt
— overadl excess -ve rons inside mem bromne
-  Membrane. ,refod)'\/elg\_f 3 fmpe.rm,eoJoLa o Noo
T =0 sleen  ocews %rcxdremt} electrochemical
- -ve chowged Nside %rcndrent,
T inward  movement %( Ne ' dun‘nta P
@ Action potentials
L roprd - -0 pd.  ecross - mesbreme.

cowse @ A permeqb{(('hé c% membrane fto  No® and K *

—= voltage - gated chanpels: open /) close depend on

Op.d. aceress memlsane
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* a.p. bhave
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How How ap. car carry info :

same size  (same  ampl (hide )

S,Deed which oD . trave (& b‘d

frequen ey

{‘4'&#

of neurones comd,'ng ap -

get info  of strength of stimulus

nature. of  stimulus @ deduced from pesibien  of sensory  neurone

Initiation of an CLgY .

¢ recepter cell :
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respencly 1o stimulug —2 generate o.p.

5 transducers : transform energy of cne  ferm (ughi, heat -.-)

— Y9 impudse  in neurone

—depctarired A Ats :
™  receplors  stimuladed recepler potentiold  obove  threshald
_inrhiodted — st mulafes senfory  newones  send impulses to CNS
» all-or - nQ’fh{r\rﬂ o+ neurones either do/de not  transmit ? g

* threshold  (oyels rorQ/L‘ stay  econitant
<d <
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strohc(g _stimulug
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axon
neode C’i recovery

R(} nwer

Speed  of conduction:

- MjeUn insuledes axen membroine — speed up rate  that
a.p. trael
- ulocou( cirewi s exist from one node to the next
L §gtt_af9r—<(j__¢_ogcjuic_b“gq* a.p.. jump from one nede te the next

with mge,(jni speed of - transmission x S0
diameter 1 = 1 resistance = faster transmission

. re‘/’mctor«j period determines maoux. 'ffequenc,%/ of impu/SeS 3

9) _Symp_\gaeg\ - AP occur of nembrane of
presynaptic \ \ synaptic presynaplic . neurcne
mfﬂon/e- =Ex bulb + b relaase  neurctansmitters ints
%{Q —synaptic cleft
e synaptic. clef? - L newrotransnutters  diffuse
\ N)\ neross oleft , bind temparardly
pqsf&gnopﬁc 1o receplers on  postsymaph e neurone
sjnqpﬁc vesicle newrone b neurone responce - depalarising s
containing: reacht  Threshadd — send impudse s

- newure fransmitters : s .
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Synclp&e - point where o neyrones meet but do not  fouch

5 end o presynoptic. neurcre + sgraphc cleft + end of postsynaph'e neuron

Mechanism _of s%[_rlgp‘h‘c HoNsMission

Q stimulotes Opening % Vo{’rcxge =

8cded channels for Ca’t / _ @ Ca’’ cause vesicles

containi r\g a ce'fu lcheline

move.  tordcirolt pre sy nqphc
@ AP

nmembrane —  fuse
avrives

4) ACh relecised!, oliffuses

acaass  cleft

— ~ -
/ ~ =

.
% / ACh  binds 1o recepicr proteins on
31

P past st"napﬁc Mem brane
ot } S OhQrﬂlCCllly 'SQfed ion channels  for No' cpein
o / Na'lls
ﬂ..\»\l : : ’\ @ Na 3 dl‘fﬁf:e "thpouﬁh
T depolarizes membrone
== - AP 8enércdc—‘d (f-"}’wp:}“c“ci*’ yeo oo ')
@ recejcli
S acely lcheline sierosi
ACh - ACh acetate + oholine
@ choline moves boek in te Pregyr\qu‘v‘g necirone pro liofor | Ak

choline ¢ osce/y/ ooenzgme/} —  ACh

ACh - rans perfed 1o ,ores&fnqphﬁ _vegicles
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*ehances AP generaded and impulses  sent :
- >4 presynophic. neurene.  relecses ACh ot 1he same time

n '| v “

< " over short fime period

Role, of s%_n_oLpSESi

4. ensure one - waiy bronamissioN : neurobtonsmitters releciseqd frena
one  side, recepfers on the ofher side of synapses

e :nftcaraﬁon of impulses

Bod}j of meoter neurcne is ccvered wrth terminabons qﬂ fe[QLJ neuron

v .
Onhj tronsmi(t impulses + inhate AP if threshold is reached

—  brain not cverlocwled  with gensory info
/'m/w"?e\ % 12 ﬁeqf.mw(g don't travel to brain’)
3. alloww  connection of  nerve pathuways
>  wider range of behaviowr”

* in dqnﬁerous situcthens - info fromm 4 neurone — sprc—od

'(hrcughout l:oolg — reccch mdxng reloay neirones  t e ffecfors

(oxons  brdneh  out =2 fom T Synapses coirtn many nauroneﬁs
\
- dectsicn ~making in broun: meoler neurones  howe many

dendrites — T SA for Tstfnqpses

& neurone cant integrate infe ceming from mosn&Jhbodg pout

4. involied in memory aind leatrning

-0 -* brain _receives .info about & things ot the came ftmMe
o . = (&

— new  synoptes  form
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o Muscle contraction
- striated  muscle :  ettached to skeleton
G are neurogenic : ccn{fc«cfs when shmuwlated te do so b%,

'm pulses  that arrive. ma moter  neurones.

Structure of stnafedd muscle —

el
o musele  centouns many muscle fbres
muscle fibres - speu'o(i:.ed “cell " = sync%ﬁum

<"M"»;~“ ect r

T- fubules /—\ / sarcolemma (o o nen

=~ deep /nfddm93 ,/,,/  SRS §

7rar o N
infointerior of p} sy r“"\ = sarcoplasm  (egloplasn
! S o ' ;n N _ \ <
muscle hbre s‘( @k —:./" ‘\ =P # o] miochondrna  packed

between ma&ﬁ'bn‘/ 2
myo,ﬁ‘br:’/, — AP, cwrobic respirahon
sarcoplasmic  rehcwlum (SR )

- cell surfae has T #* o protein pumps  to fransper t Co™* =

into  csternae za" SK

Striavhiony stipes an muscle fibre.

« parallel groups o thick t+ thin  Rlaments

o A4 W W W Wl

LB o mi.}oﬁ'bnls,, requlor aranaement
Jv ~

Shreped . {1 1o SANIe. LNl

9. 83 AN & L

— + muscle fbre

thick floament  thin flament =
myosin N -
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filanent | | ] : 'il
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A lament 2 b_:: I R — —
o e G s R e [
|| \ | | ( |
2 Line/ / A band 7~ overlep o thick + hin
——— Y—— )
disc e wand [ T rond |
thick / : thin  filavientt ,onLLJ ,

cnl:j

Structure. of thick and thin flaments
* Thek floments :

= mgoSin . fibrous protenn

with  globular __head
G Pomt‘ o oy from M-(lne .
* Thin filaments:
achn: globulosr proten
— #PN 9 form chauns

X g chans> thin  Rlament

trepamgosin (fibrous protein) : B o
tiursted arcurnd A ochauns : = S
. froponm . adtached te achn chairnt o regulor, intervals

|
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Howo muscles controet - The sl.z‘dl'ncg fi'lament madel
of muscle contracton

f‘“’;g«’& - < dises pull eloser 9 sarcemeres in mﬂcﬁbr. s gel sherter

& i energy for movement

—F] CATP bind tc = ATRoce N mycsiryl - head )

@ HMuscle conbracts —> Ca’' releaged from stores in SR
L bind fo  treponin

Trcponin molecules ,ohqnge shape

e ®

Trcf)cm‘n andal b"cPOmHOS/‘n move tc dif. positions on thin A laments
=2 expcre b/ndfn? sitet on achn chaun  for myesin
> forms cress- br:‘dseS‘ between 2 types o Rilaments

v
ﬂTP,,hﬁdro ysig = ATP - force heads to et go of achn

RCHO

Heoels sPrine},,chk — repeat  process  ag leng as:
- froponin + tw“cpomacﬁm molecules dont bleck bl‘ndl'n% site
- pwscle  hou o spply of  ATP

M

g {\“H‘)H’L
We e i /‘/’//‘ ‘%‘*‘s

thick Rlamert™ S s, o o ;Q — filaments

1 ]
| fmf
Sy 3"’&&*"&@,%&\%} J o : o y = i \» ) \oé\i\\% ié%i;;’AA_:,,’,ss\"(‘_'j-;»:,;;;cr_‘;z—/

heads #lt
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S’tfmulodfna muscles to contract A
| ® &' causes vesicle s

@) stimuladtes opening of wilfage -3afed

channels for Ca’'— ciffuse centaining neurobansmitter C/’?Ciw)

i Oyicjolasm \ moves fowards — fuse  wi'th

© i

CQ; © | , 3’\\ prescjnoph‘c membroine.

-~ R

o R > () ACh relzased — diffuse

@/\P @) ’ )__\
Qurives e oS © / \ across  neuromusecr
\\ Jjunction i
@/\/Or dhffuse into  sarcolemmoy G ACh binds to receptors on
- de,:olarz‘ze membrane sarcolermmor — Na ' channels open

Ong membrane

= inrhale AP S/';reO(CLS /w/

@ Ca’' bind fo

1
¢ .
4 X
@
&
N
\
i%
o7 S
4

O depelarisation cj ; troponin -

s \ i .- :
sarcolemmod spreads dewen S = -po) Tropomjosln moves —s
e g

to T - tubules J 'K-“Ji? - expsse. mygsin = binding

U Sites o actin Alament .

@) Myesin headls form cress = bridges

(GO E D E N e O s )

"
AR AR

Channel proteins open CO”;\
diffuse out :j SK

witht  thin  fAlaments

—  crcomere  shortens
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me'dl‘ng ATP for muscle eonfraction
° aerobic respiration in mitochondricr
lachic  fermentation in  sarcoplasm
creatine  phasphate
- stored in sarceplasm
~ immedicite  source  of energy when ATP it sarcoplasm runs cut
creatfine  phosphate + ADP —>  creafine + ATP
—— - demandl  for energy s slawed / stopped
L ATP molecules \‘rechorge” erecchne
creatne + ATP — creahne. phosphote. + ADP
- demand for energy is hlgl’) , but no ATP spare. o regenarode

creathine. —>  creatinine  excreted in urine

85 HOmean communication _—  cell- scanadlin Vﬁoiecu(GQ

%

Endocrine. glands  make hormenes
Lﬁrcu,’) of é/el(,\ that secrete (procduce + reloase ) > 1 substances
steroid  hermenes ° Lipdl soluble =
°pass Thbrowﬁh phoespholipid ,bnlu\(jeh
= bind fo receptors molecules  insicle ey toplasm /nucleus

— achvate proce sses

Menstruad Cgc/e e chcnges thot ceauir in the overy and  uterus

e A8 clags,, involw‘ng cvuloehon
* ovuldahon 5

* menstruahon: bArecckelcwin + (oss g vtherus Lt'nln%v

Cmrdu‘nufed,bg ,glgc_oprotez‘n, hermeones  secreted bg antericr Pl"/Lu"fGrg 8(0"1

-f-
“ovariey

wterine cyele and ,,,ovcmiqn,‘;#cle,, ura,f%mcbm:’)z‘md ST
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@ Dur:‘ng men%t’mlo:h‘Orw , antericr pfh,u'tary Slond secrete
*  follicle stimulating hormone. (FSH ) ll over pext few d'cn&f%
. lufemv'Sm(j hormone.  (LH) j LEsH «en) T
L control activity of ovaries |
In the cvary , one follicle  becomes 'cleminant’ ene

- presgence cj FSH + /.H — stimulade oeshroSen secretion

from cells SurrOundmg fotlicle J
v Producbon and LLHt FSH Y & negadtive feedborek
. oesirogen' simulate endomefrium to
- grow , thecken
- clevelep numercus  blood copillares
® Suge o LH and o bit * FSH secrehion
L deminant  follicle  burst — shed gamete intc oviduct
cal\}/qpse_ —. form eernpus luteum ((yellow bed:
* corpus ludeuwm secretes:
= progesterone mainfoun  wterus uning
- some  cestregen J Feovdtj to receive embryo f fertilisaben oceurs
inhibiis a./aft.glond Secreh‘ng FSH = no meore fellicles develop
+ L
@ Ls less stimulabon of corpus luteum
L clegeneroafes
= less ocestrogen. « pmgesz‘ercne secreted

]

b = endemefrium net marntarned —  men struabhon begms

TR 2 MM 0030000000003 I10400.407 4040

L release C\-P.Skjno‘ inhibihon
Ls £SH secreted
— besin ancther cﬁde{
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Birth. eontrol - [revent ing-pregnan
1. The birth control Pl
& confains  stercid  hormones  thod suppress  cvulahon
= Synthehic  hermenes : breaks dewn more sewly in bodly — act lenger
- type (4) progestercne only 5 @) progestercne. + ceitiogen

- R eI ; 5 Ny
YMiNen C. ecembined  orou N cep el
(¥

= & days  pilly octive; T days pils inachive

ocetrogen + progesterone suppress secretion of  FSH andl LH

fom. anterior prhutary glard  (negadive feodback
— preventi [ FSH t (H ] reachm(j lvelr  that would

sbmulade  evadattion

after &l doys, LO + E fall

= wlerine_Lining . no lenger. maintained — mengruchicn eccurs

*_ progestercne may edlow ovulahon fo eccur BUT contraceptive be:

- ¥ Qb;‘uiy of sperm io fertilise eqq
= modvng MUCLA [N CerviX  imore  UitCois

~3 - fosn eqs;’/g pe,ruzimded bt/ yperm

. The morning - affer pill :
* taken after weman how heol unprol‘ecfeo( sex (up to T hrs )
* synthehc. progestercne - Like. hermene
- ¥ chances of sperm . reaching + fertilising egq
- prevent pregnanay - stepping embiye implqnﬁn? into wtereu -




15.2. Contrel and acordination in  plants . Venus tly
lebe

7/‘“ ?andA secrele drSeshve enzymes et
Midfr >&

]
97? /— nseCf N; Solre t.
= bmﬁf’, ; .

w//« . each. lobe x 3 senoy

hours = r63pond& when deflected

necl‘m’-se.cl"eﬁi’lCJ aland,& St ou,ter~ed363 Cinter(oclx)
—  aftfoet insects == trop insecfs -
/_ 1. SenSOnj hour s deflected

L. Co'' channels at base opens - Ca'" flows in
cjeruarod& receptcer Potemh‘cd

3. UWithin 90 - 3548 : Jrhalrs stimulat ed

4 heur stimuloded boice
L, AP spreads across  lobe = trop closes
o further stimulohon: deflechon of hours
5 edges of (obes forced to  secd
L P Ca™ enter cells — exceytosis of vesicles centouning
olfgesﬁve, enzyime g
trap closes for a week , opens when cells on outer surfoce

7 (Rn%fh < due to cuxin . =

Adlaptatons to  reduce  waste of energy
1 hair stmuloded  will nat oloese  trap  e.g.: wind, reurdrep

gop behuveen shfF outer edges allcew  smedl insects o escape

not _worthh 7t —j\_ e

'E BVE )]

ber Ltew b G ko t9n 68 twh W@ 6@ I 12 I®
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Plant hormones - 4.Auxin /.. 4. ARV '
* synthesized in meristems (tip of shoots + roofs;@cel! divisren occurs )
— auxin acﬁve(ﬂ treinypertec awey  from  meristem o
function : growfh
4. cell o(lwisign;:\mricSiS absorba'ng H, O

\/\37\! cell Ql@“SQﬁ;;) 4

centrelled btal o xin
3. cell differenbahicn

- 7 | o VLJ(\
( (@] l
‘\‘\\‘x -
CC ‘\VQQ S Y
/‘ ® 1A : é] cell surface
{ ‘ NI ane.

' C,LJ{Q P"\OQYYL

K'Y  H,0

@—ﬁuxin bindx to receptonr @ - Expansing (pro’tems) achveded
@. Stmulotes ATRwe L locsen lnkage behueen
pump H' ocross cell cellulose microfibr /2
surfaw membrane. & . disruphion. cectrs briefly
(fram. eytoplasm. to — cell expandt witheolt lasing

cell wall overall strength
— pH )

"K' =¥ s HOm



seed germinethien
. Gibberelling - growth regu(ofow Vv -eonfro/[mg stem elcngaﬁ‘om.
* synthesized in mest parts of plants (MOunlﬁ in. yeung  leaves + seecly)
* function: 4. stem elengation
- dominant allkle Le — plont grows todl
L codes for Tfunctional emyme. ot cchve form
of g,bberellm CALl - stmulates cell —— odliyision
¢ elongou‘v‘or\
= »Zecessive allele. 4o — plont remauns short
T substitution mulation  (alonine — theorine o .a.)
- homoudgous recessive. Lede : no active form of qibbere in
o). seed germinafion o wheat and:, barley
Sseeds are dormant when 1% shed %rcm parent plant
P hing for o}>ﬁmum conditicn

=2 - I M0+ meiabo&‘ca/[% inach ve

a(p.uron e Lcud er

DAL D 4T BV (T i 1 3 11 33T NRIA R

I
(Wi'}wﬁ 7) endosPe_rm_ hssue
stareh ____,___,;/ //\Jy osSe contains
‘ ¥-::’// starch . resenes. ..
. A bscrption. o H, O @ . Alowrcne lager synthesizes
stimuwlafes 3ermmou’7‘cn amglase in respenie fo gibberellin

@, aimylase mcbili2ey energy. regen/e§
Q@ . Embrgo synthesizes - hjolrolgse& sfcrch s
gibberellin n_response  to 5 malfese. < Jmeve L
water uptoke %L(.LCO&E,
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16. 1. Passage of infamation  Mom porent to off sprig
o) Homofogous chromosomes: _in  diplord cell
- sane-  shuctuwe, gene, loc
- poir ioseTher (bivalent) olurin? first divisian of medasis

b) hopleid:  cell: possesses 4 complete  set of chromasomes - n

c/'})/o/‘o( cell : ) 2 * " * " . 2N
- meioss: Creduchon o(n‘vfsror\>
= i af chromosomes wOu.'O{ couble uu/O ]

+ irmtroduces geneﬁc vanohon  —>  muterhon
d. Mercsis

An= chrmmao sere o

Meicsis ol
Prophcli{;‘ 3 4 L S
A\' 7:??/\\ - centrides divide — oppolite. pale 3
: . \ —  spindle formadion
I /’ chrometemes  condenge. Ccmggmg ovev’)
// == foarm  bivalents  {(pair up)
- nucledus  disappecus
s s - nuclear  envelope  brecks  down
Wfophqcr; .
= bivalemt form ot equod‘of

- spincHQ/ offach. +te contromere.
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- Wwhele  chromosomes  tove  fo QFPOS\"re

c end /pc)es 016 sP\‘ﬁd(e
M . 3 "/ C pulled b«d mn‘c;ofubule&)

Telophase T2

//’\ -~ .
- \
{ 0 :
. //’
Bl
o

g / nuclear envelope reforms

///V —
o /f L{'/‘— nucleus  reform
{ I i
|

Q\\\ = :i ::j y

cyto kinesis : ‘r‘elo})hm@ T
Meicsis T

Prop%use I Metaphaise T Ar\qphcmel W ﬂ
: - \\\__/_, e S A

T
— = N
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e N
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* ° D ‘/’ ¥ v \
| i £ of )
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= 4 hoplid  chughfer
Hore  meicsis  cawuses  yaricthon T crogs(ﬁ& over calls

_ } A {7, \) ,H ino\cpemden‘c assertment 3
Lok ) / \ |/ . ek eyl lo 14 E
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- chremasame s

potic oj chicsmaio: =1 have differentt =
homologcus ere ! cumssing. corobinahon . * 21 ehoomo ! Regible

<homosome s oS ey - o~ N : e

el
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c.) 9amefogen es|s
SPERMATOGENESIS
diplaid O miasig
| sPermc’togom‘C\
o _I: o growth
f"“‘(“\c‘d &) Pr{mowﬂ cPermodocate merois
hopled D O seco ndoura- qpevmodco%fe
Y \/ v b
O o O T gpermodid
haploid <@ spermate2con moturotion. of  gperm
POLLEN  GRAIW
e \ pollenn.  mother cll (2n )
l\‘ \ Z /
meicsis
) (@) 4 hoplod  cells (n)
e (
7 e mi tosr’'g
v . goung. pollen grain.  containg
\ ((‘* o) 2 ha plord  nuceler (n)
7 /' /
) =
_ER medure pellen  grains  (n)

SO e T T (R O O LI T I E L OO N O P Nt



Gt ettt il Lol L R R IR TR TR DRI TR TR PR TR

COGE NESIS
1\ 0080ﬂ|0\
8 %(r;?fﬁé) v b C produced i ernbry_\
e O - s Vg f}"owﬂq = ' i . melcsi §

le'Q\di /"V\? b Pr\mad ooc:j+e. (produced in embr\/G)

: ?f : /‘ - = )
thlOld (ﬁ ‘X wsgcoﬂdor:j’ QQ%fe,i ﬂCfQ:f’fer Puber-h/ )
lar  bed s
pe \/ () sccondcxr\( oocg’re Cc,ne o mon“ﬁ’\)
— ,,,,,_,©,,,,<zyglewﬁ moturaticn og OO%"&

( ocbter ovul o )

Development  of embryo sac

d!“p?ofd Spore £ s ¥ bC‘P(,CY‘C&,,,Y\UQLQA\ : Ch )

/

{
mather il (2n) Z

WEIOBI 777"
' J/ s \si__ _‘\@}'tesfs :

hC(PlO\C\ cdl&(ﬂ) ,
% hapleid nueler (n)

s hqplmo{ o R AN L e yembry o sac

= erbryo sac (n)
S erughed o+ @

eqq cell (female aqameite)
. W/

)

crophyle  mitesig ;\l[/ it

'



6.2, The roles of genes in olefermining pheno#ype,
a>_3ene' length  of DNA Thot codex for o particular
protein / '/oolg/pepz‘?de‘
- loecus: position. ot which a pcuwrt cular gene s found
on o parbeuddar chromosome , same gene en sane locws
- allefle : parheular variety  of gene
- dominant: allelle > ore ohese  offect on the Pherbfype of
o heferozygo:r s idertbeal  to ifs effect on o hemozygete
- recessive ¢ allelle > cne  that s only expressed when no
dominant allelle s present :
- codomirant: cillelles > beth have Gn effent on #o pherchype
of o fw‘erozﬁcug organism: /'
- &inko@e: The  presence of & geres on e sane chronosome.,
w that they ferd o be inhented tagefhier ond do not
cssort  independtly.
- fest crow: o genehc  crost in_which an organism show\'n&v
o charadfercshe eoysed by o dominont odlelle ¢y crassed
ot an organism  thof s homozﬁgous recessive
L phencijpes of mﬂﬁspnng — 5,wo(er { ?'Lo,rganrsm homo/ha‘f&%cc{??
- ﬁ:gcnercdwn o%,,o#spnhgj * home - dem x hone reg genoype
- F,. " cross  betveen 9 F4 organism ¢
= Pherchype ;. arganisms’ characteristics ; often resulting from. o
inferaetion  bepueen  its genotlype and  the environment
- genctype . allelles  possessed by en. organism.
e thczgﬁcug: havif\g 2 identical allelles of « gene
- hejcrozyggus' A Reos db ool Parpnl- 4 IS ST,
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l o B4 LA BJ L L B anj ay) 0

= Nnormea s
{'f : cijsﬁc fibrosis

Mor\ohﬂbn‘d Irheritance - inheritonee_ of 1 gene

Rarent 9 U\G?BPQ s Ff x F
Cometes ’ genciype @ ® ®
O‘f{sprirg genohjpe SR8
and phenofgpe | , 2
SPeT T F ‘! F}: =
2 ,I normedd
i
= _rermol
Rarent 8@’7013{)6 - ol f

£
gPefm ¥ P F,F Blma ,,,_,r,;'r', o
: ' [ nermal normal
e FE=s [ -
i inc,m\,ak,, - eyshe  fibrogis
OR . exPQd’ raho - nerm OLL e C;F = =

3 =% 4



Codomimanc o
1

Ge:o‘f (LJ('DG’; Ph eQG,?g[?Q
C = red coat
g w
C C P':'n/( et
(e - tehite  ecart
— fL(’c‘ir'rp'Lc, allelle
Bloed Hype : i S N i3 z*
Rarert phu\ofgpa * bleed group A A blood grow? B
A s e 2
‘ IF\ Iu
5 QRPN [ - o 0. s alehy =
bg. AB | bg. B
CEAST i fI" )
i Bt A& I b.g. o

o / o
O eX unf\uqt*
—_—

Ryrent ,Dl’)enc'fzfpe :
3eno13pe :

9enes Presenf on
sex - linked gene

CP nor mcl ViSton

X chromosome, not cn Y
eg.. coler  blid/ness

x @ rormmad  wisian

- 3, y SN

& - &°) e L)

A “

X X
x* XX Hiax®

“$ ncYym anQrm =l
Y Xty Ey- ¥
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D{h\'ﬂ bi/d  inhertance : nhertance of 9 genes

Cenctype. ‘ Phenctype
i
A broven  hair < allelle  for
a . black hair
i )onS legs
b4 short Laﬁg
Parent” Pheno’rypes: braoron | )OhC) x brcm, ’Gr‘\%
Ac LR Ac L4
@D, @D (=9 @ @Y EDED
|- o [ o R EY
| ;
AL | AALL AR | Anll. | ptl
I b ~ iz
REEES R rewn, leng | brewn, long brewen, leng  brown, ‘licn%
AL fA,AJJ - ARUEE i hall | Aol
|

__brown,leng | brawn, short  brown, eng | brewn , short

al Ao LL Ao LA e Ll aclt

brown, 710743

oL Acl { Ba bl oo apldo o el
_ brewn, logy | brewn, shert bleek lo"’ﬁ Hack short

brown, long  blaek, leng  black, leng

- _roto G e SEC e | of clihybrid cross petween 3
heterozggates  adlelles of  poth genes shero deminance

- genes  on different chremosomes
g




Defue €l CC

Tnterachons  bet ] o different ke interact  jo  offect

3 Pheno‘rgp ic. charccter

e-g .- 4I/c ; C/Q
A k
lect — 4 loct L

Aul’;} U Li) >/",;~"€; > 2 (qene lecd on s C‘J’?fOfﬂOSOH’)(i

— & assort mdﬁpendem’r(ﬁ N MmMelos’s

c.g .+ genstype (En) (EA)
Fawevital pheno‘fypes . C{', s ma Q gt LB
(EA) () (ec) (o)
‘ i
EA Cen) Cea)
EF iz nild el yusd
e CECX} CQQ)

e) Mutoton : wunpredictable chomg& in  genetic nateriad  of cn
argeinisM
e N struchere  of DINA molecule  — dif allelle  of gene

= gene rn utothon

- rendem
- enviennafal g renising vexdicdion 1k, I &
facfors uv »
CMuT&S i chemiceds

|
£
|
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Cene mutadons -

Type - E ffect
- base  substtuhon \\: e, silent: some. cmine ced, ne effect
- hose  addition \\\ e = missense : dif " effect an organiann
- bose  deletion jf\ \-\“\‘\' nensense - slop  coden
BN frame.  shift  — protein mode s useless
TTunan conartionNs s X stracture. + funetion
4. Swckle cell angemi >  bose sub. o @ alobin paly pepst e
oulelle HbA cllelle Hbs
cTl 75 TR CAT
glutamie  oed : = vacline.
= micre soluble - 4 > less  selubsle

& FEffect: Hb clecules stick fogefher — form Icng fbres in RRC
— RBC pulled cut of shape Chalf moen /,,sz‘dcle)
— disterted, cont donsport O,
_ stuck N smadll qufllqu‘es . block otrer gBQC

¢ S ~vet dic  frem lack of O,

. Albinism — mudettion  in gene  for  Mrosincise
s Chsence of  fyrosinase
presence o incwhve.  dyresinase

,.__9 'f\:, roding 5@1

Tyrosine = DOPA =2 depaquinene.  —  melxnin
Effect: - dark pigment  melanin Por‘ﬁal/ﬂ / totally missing  Fom
eyes, skin, hoir
- pCor wvision; rap‘d;d‘er@ eye mevemert . avedd brght L{ah?
- classic  ferm homeaygous  cudesamal  recosaive

othey form sex - Linked




3. ﬂurtlin%Tcn’g diseage - dominant  allelle
normal : sufferer:
CAC CAC  CAG CAG CAG CAG CAG CAG - stuter’

gene code  for \hunﬁngﬁn ’
8. Fffect: o neurofmgx‘oal disorder
= mvo(um‘arH movemenk (chorea)
- progressive mendal - dedericrechion

—_— of cnget: msuqllﬂ ot mrdoll.o,-agc bud  varres .

H. tHowmophilio : sex = linkecl 5 on X chromasiome
- gene ccde  for preduchon of  protein  for  blocd - cbtﬁng
s foeter vl "
H:  dominant «llelle

Fys receSsive —  blocd foul 1o elot PPQPQF@

’
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6.5. GCene control | in prokaryctes
a) genes =structural: cede  for prateins requurect /Da cel/
\reaulcdorg =S : - thad reﬁulcd“e expressicn
of other genes
enzymes :— repressible:  synmthesis of enzyme con be  preverted
bﬁ bindfng repiesscr  profein  to o specific  site
(cperafer) on  bocterums  DNA
inducible : - requires substrate  —> inducer
inducer intercef ws/ regulafory _enayme — janserption cccurs
The [ac operon

- duster of 3 sructurad genes + @ (szn%n“h o/ DNA

“Jac2 i code  for p - gq/uchSI‘dase hydrel s &
o focY : ' Permease
< lce i 4 & Tangacetylse. o
NO LACTOSE =L e PREEENT
s I”egulcdorﬁ gene cocles for * _lactose  taken wp hy  bacterum
repressor  protern + b bind 4o represser protein

* 5 bind to  operator regron. = distert DNA binding site
close 1o B - galactosiclase gene =2 cant bind to opercitor site
° RNA cannot bind ta * transenption  no lorger‘
promoter regien ¢ PNA nhibited
¢ = ne dransenphon o 3
struc turex( gense s ! ovend waste of enerqy
ancl  materieds

; 5 s
Drofein ;g olfasterC ”

iy Siteys

¢
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btﬂ‘(“; Conti! \l i eudko L‘c\?‘e C
] e “proten
Iranscription  fowcfors N gene  expression

b bind promater  region of gene
— make sure gene expressa:{ in comrect cell, é@ > extent
Fffects: of Se‘ﬁc
form  part of  protein complex That bincdly to  promeoter ;uag:‘cvr\2
*  achvede oppropriate genes fa) Vsequence
¢ determinate  of sex in mammalt
¢ allow respenses fo environmentad  shimudi
> r‘egulcde cell cycle, grewth opoptosis
Procluct _of profo- onecagenes , tumeour SuppresSor geries

Y,

> hormoney  have their effeol #muah,, rancerption  facfors

@_I'_ByBL?f{ifi,él_f\\_ . _contoly  seed germination by stmulahng
amy lase  symthesis
« DEUWA proteins  inhihit binding of #cinseription  factor RLE
lo o gene- promcter
— gibberellin  causes The brecikclowwn of  DELLA
— PIF __ecan bind to iczraen‘ promaoter

s £ amglc&e, prodwetion

'y By L)

v ' ua 'r

T Y e



| 7. Selection « VQr,‘Qﬁ‘Qm
lF. |l Von'otlbl’)
=3 7{ 7 hugnr * o __ Klood
ndividuals matgs individua s 2oy | — group
. /" | 1 |
e N L Lol ol e
measurement measurement
conbnuous dig coptbinuaous

- guantitative di fferences - qualitabve differences

bagrs - = 9@73{7‘@ Bagis:

+ ot edlelles @ 4 gen<e locus

- genetc
+ dif allelles @ 1 gene locus
— small _effect _on  phenctype — large- effecl on phenclype
+ of geres have soame/ additive 1 df genes  have quite o dif
effect oo phenaotype effect o phenotype
=+ lage ¥ of genes (polggenes)
— eombined effect on o

P%eno?yp)‘c ”f‘fat"[’
Environmental affect on phenchpe
e.qg.: heur aslor in -+ Siarese eafs .;/’H:'nm(ayav\

- dark

5  gllele  allows

extemibies : tips  to ears, nase , powos, todl

(]

fermathon. of clark prgment only @ V1

I

o
€-g : In plants
- dfferent 3rcwH’\

- lwer lz‘ghf ir\l‘ensfl‘laf , fewer nutrients
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- use  t-test to compare variabon. of & dif  popidothicins

= imporfamce of gene he wnatbore it selec bon

basie  for natural and artficial selcction T act upon

Causes  of gene_ﬁ‘c varioidion

- independent assortment of echromoomes dun'ng meicsI's

- cmsn‘ng over between chromabds of homolo?cws
chromcgomes dur/ng MRICSIT

- rondom mca‘in?

- rondom tertlication  of gamefec

- mutahorn

IR T TR T R R 'R R R'E'RREREREREREBRIMR

{




[#.92. Noaturad and artiferal selectian

a)  Naturaf selection

= BsocrsS o0l popu/c(h"or‘)i

have ccxpozu'r\d to  produce mcmgf

of‘fs/’)n‘ngs — compete for rescurces

—>  individuad:  best adapfec/ survi've

3 breed , pass

Envirenmental!  factors

on  adleles

- biohc : caused by other L«vfng organisn s

- prededion

- abigthe :

food  eompehtion |

caused by non- Liv:‘ng componenz‘c of envirenment

- waqter SuPP/tj, nutnent level of so/l

selechen Pressureg

Ls

STabn'l:‘sing selection

#= ot

individuayy
\ "
4|
o

/ 4 :
smal | letrg &
===

size of ndividuale

~ favours  variank of 1 extreme
when. _new allele appears
_ " enurennuntal facter

= e.g .. peppered mothg

contiols  chances of alleles Aethcg /)ClQS‘Qd on

effects allele Frequenocj i population = nodural selechon

- och a%omsf e xtremes
- favours the envircrument

- e.g. birti we(‘ght

Directionad  gelection

of

#
nal V:dLLC(X

/,, |

hlage - - wigte =
eeler of md;w‘dua,(

infechon by pcdhog en
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Dis rupﬁ ve selection

\.’é A \ - condibons  favour both. extreimes
E // /‘\ , / \ —  maintains dcf phencitypes

2 !(ff Sid, \ L popudedion

ik B ) \ - e-g = Calapages finches

< /smaﬂ : )qr\?e %

beak size ¢ indlivicuodly

Genetic drift: _ O gene peol ot a small pepuledion
_ due 1o chance Lrandem ] alu 2 orqou
ecche. . gengfahons feprodues ; . _ recntly iscate

Foundler effect: - 3eneh‘c, drift resu,tflhq, fomm  the  colonizahon J“'

of o rew  location by smatdl %1 individucd <

— randem 4 gene pecl = affect adlele frequency -

‘chrdy = Wa‘nbefg prinicple
L calculate allelte ﬁ”ec]uemcfes and proporh‘cns of 36&07,%@9,& :

of o PQr’b'OulQV gene N & Papulah'om

+ = 4 '
S q\ == = 4
dominant o rec.e&si\/ﬁr
allele frequancy allele frequency

2

Pt Jpq 1-9‘ = 4 ) e

does not apply when: + small population
° significant  selective.  pressue oagainst 1 genctype.
migratiion inte/cut of QL,PQPulCLhIm;mdi\a‘c(uaLg.,.._Cou'rsu { q(’&g(@(q

s Nnon - random m&ﬁf\g J



e) Artificiral selection
= selective  pressure :  humans
- indinducds witht  olecireble  features are  chosen to
interbreed = selechve breedrng
—  alleles  possedd on te off Slbrmg
e.g : progeny teshng + measure bull's  value to  breedenr
performance  af milk  production. of the bul’s offsprimg

L—> sed to assess  budl -

Crop improverment by  selective.  breeding
« inboduction of discase regstance to varnetlies of wheat + rice
< incorporode mulant alleles  for 31’bberelh‘h go:fn‘rhesz'g inte
dwarf  varjetieg
—— 1 propartian of energy put into groun
e T
ST - Iareedmg * hﬂ bridi'sectian

—  preduce  vigorous , umform varietes of maize

1T 471 47 47 471 47 17 11 171 470

4 471 173 47 13 11 47 11 11 1Y
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| F.3; EVo/uﬁon

General "fheorg of evolution : organisms  have chorgecf
over thme.

Species _and _ speciation

Species o group of organ’sms . with

o similar marphalegreal, P’}JS:C/O@:'CQ/) biochemical and
be havicural fectures
can irterbreed to  produce fertle offspr:ng
f’eproolucﬁve(y isolated  from ofher specres

speciafion:  production of new specie g

4. Allopatric speciation - geographrcad  isclation
= population. of species  split — move  to olif areas
- dif. gelective pressures G

=  features Ghurge. over tme

'—  re-intreduce species — pno Iorger able. interbreed

L= mew  species  formed

2, ngpq'tn‘c speciation s ecoil\ogfccd % behaviourad separchion
- pelyploidy - organism. 2 sefe of chmmoseme. (complete )
Z- meiocsic goes wororg  when {formincg qametes
-+ tetraploid = steri : : 4 chromesomes by o pour up olwmg Meios/ < D
L Y= muddle  up
grow = reproduce asexually by mitosrs; usually  planty
" triploid = stenl: @ shae evenly 3 seli of chromosames

original dplod plant + tetraploid : camnot inter breed-

— dif. speues



- autopolyployd + el sets g chromosames — fram. same dspecff’s
C cgel

odlopolﬁplc.‘c/: dif seti o chromosomes from_ drf but relafed  <pecies

\
|

{ meicsis easier In qup, than autop -
|

_/ | -L
A N N < Ae |
! chromoscmes not icdent c‘a() antds: o wp a

crart e b ea
N 8RN st i

!

(

L2 cannct  inferbreed  with pqren‘l’ specres

—  df specres

B‘:—PP_d_ugh_'V%_Bs_OLOJTQQ‘ "nC‘b*‘Lf‘tLj of o groups of organrsnos fof
Same  species to interbreed SL«LCceSS)CuV('j
e.g " due 10 aeogrqphfcw(? . separation / behavioural differences
1. Pre.%yac‘h‘& isolation *
« individualy et recogni 2ing each other cn potental maites
- animals  physically unable to mate
- incempatibility of pollen and shgma
inabi lity - of ® and ®78anr7e‘re fusion

Q. Post zygoh'c isolation :
« faddure of cel division in 2ygote
- non - viable offspring

viakle , but sterile  offspring

¥ waste of energy and rescurces

I ey fa g e a0 13 1T 11 I 1T IT i1 43 1T 11 41 11 11 11 11 11 11 k7
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Molecular comparison between species

1. comparing aminc aerd  sequences of protens

e # of differences in sequenc €

S measure. hew closelg related the species ore

o. comparing nucleotide  sequences of mitochondrial DNA

Human mtDNA - inherited ﬁvrou:(jh female line
v
erreular = cant underﬁo crosing  over

‘2 A nuclkotole sequence. arise. by mulahon

« df.  Auman poPulaﬁ‘ons = olif miDNA  gequience
—  "moleculor clock” hSPoTheg;‘s :
L - constant . rate of mulothorn over dne

P dif in seguene = commert ancester Ionger ®go

estimated  from  fowi| evidence

E xtinction

*  climate change :

- I} competition froni  better adapted  species

Humon. causeg :

- logs of habitat : drmmncg wetlands ou?‘h‘ng down  roinferests

/Do//cd)ng air, waler , xcil
killing - for spert or for food
Mose extinctions:

> sudden. A in envronment : /orge osterard mlb‘dz‘ny o FEarth



A4-2.  Antibodies and vaccinotion (AS)

- Hy bridoma method

- mouse is injected O antigen

- wail for immune response to cccur

- clonad  selection
= clonof exparsion
e R ((jm[)homd('@s / plasmci  calls  extracted from meuse spleen
- plasmor call fuse o cancer eeld

—  form  hybricloma cell
hybridemar eells  producing — antrbedies are z‘d.mﬁfvlfo(

—  oulfure on o lorge scade  fo secrete moncelenad ont bodies

LI LI/ T LI (N L L (O (R (R (e (T G e G T E L
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/8. Bfodi\/ers/z‘y , classification, conservation
13.1. Biodi Versf'hd

a) « species: _a group of organisms  with similar morpho(ogg and physiclogy

_ can breed toaefher fc produce fertile off&prmcg
- are neproc(uctivehq/ ‘sclofed  from  other species

* ecosystem: Q relaﬁ\/e(bu self - conterined, fnterqch’n% eommunr'ﬁ;( of
crganism's, and e enuronment in which they  Live
withe  whiel they intevact

- niche: role of on crganism in. an ECOSLJSfem

Biodi\/e.rsify : clesree of variathon of life forms in an ecosgstem
* varation in  ecosystems / hobitats
#F of species and  their relative.  abundance.

8wh‘c variahion within eacht species

- species richness : # of species in. o commum'hd
- species diVers:'zH: species richness + pwasure eveness of abundance

G hl‘gher = eccsysiem more stable more _resiSlant 1o chanaqe

~ genetic diversify: diversity of oalleles  within the genes in the

genome of o thg le sPeet‘eS

obtained by s—— preporhon cf genes with dif alleles =
< -
=3~

allele per qene

genetic  differences \ behuveen peopulations
wi'thin  each P,cpu_{uﬁon

|

AL AT Y 43 31 17 1 v 1T i 11 111

13 (3}
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O estimade

[

/‘\ssessing species d:'\/ersitg
4. Random sampling-

- area locoks rﬁotSCnotb((d uniform

- no clar puottern to the woy - specres  are distri buted
L cved bias

C’) Quadrats - square. frame.  that f f"“,
1
marks off an area of ground / wader ﬁ
1.K

s »‘denﬁf‘tj species . present R umunn- S
K Mmeasure  abundance
caleulate :
" species frequency ' mecsure. of chonce of a  parh culor species
being  found  within any one  quadrat.

* species density . moasure # of individuak per unit:arec
* abundance scale le.g.: Braun - Blanquet scaile ) = ¥ + plont ccver

b) Mark - release - recopture : egﬁmgh‘ng # of mabile animals
@ As mony individuals Qaugh# ag possible
D TrdividualS morked  (in way thot won't affect /s fpohure. chances o
@ Horked individualy — counted (o) : survival )
@ O refumed fo their hobitaf — mix randomly @ pepulardion

TINE - ELAPSE

@ ,[Qrge sample.  captred :
@ . of mqu\ed and unmevked inglividual  ecunted

(b)
e — — SR

Ce)

estmated # of populaton = o xc¢




f

. Sﬁsremaﬁc sam p&'ncg
= :‘nv:asﬁgca‘e species arstibuhon where physl‘cq,@ cenclihons chomge
a) Line.  transect

+ record iclentify of organisms that Touch ol o 4

~{
Y i
\} \ V7 I,

Line ot set odistances] % | XY ==

data shown as o drcu/uv‘n(a

b) Relt tronsect =S e NI AT
* place quodrafs at @Sulqr intervats, - WA R R oI

Q[Oﬂ8 Line.
— record abundonce of epecies within quadrat
° dofo plofted ox bor chart or  kite diogram

<) Cerrelation - plot scatter graph or caleulate carre laticn  ceefficient(r)

7N ; s A
£r |
& | § \‘«(‘ B
| . B e e
i
. ne = , .
pasitive  linean r=0 nesq‘h ve Unear
: cerrelathere : ra-4d
correlaton. "= 2 ecrrelahon

* sfrengfb: how clote the poinfs are to the sTYou‘Cth Une

C‘a{cu(aﬁr_\g carre lafion  ecefficient (r)
4. PearsonS correlodhion ccefficient  ced when dato !

J/ :"/, F ;C(\‘""A‘J er groapn

* may be o Umear correlation
- quantitedive dada colleated oy pecsurements / eounts

- must be I’\Cerl{ﬁ distributed

i I I /1)

It L I E B E \RE

'E |

T Ir 7
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. Spearman& rank correlation
> data is ccrrelated , but not linear (cecn  fion
=+ rank dola’ for ecch wvarable
O agsess difference  behoeon ronks

* make o null hgpcfhesrs

<] ~Z

\
G-x <

! K S el : =4
n=< - N /,’

N
s

IN
-(\

IN

T‘L

Simpson's Index of Diversi'tcd

when you  have collected  info about abundance of species in an areQu

© wse results — caleulate value for species dil/ersn‘y i that areg



D omaun
/3.2, Classifieation Kingdom
a) L arfanging different  kinola Phﬂlum
of or ganisms into groups Class
» Taxonom3= the sz‘uc(% and prochce of (zrolev”
classiicahon  — plocc:’na organisms it *'am;'l(;{
o serrer of taxonomic  units (taxa) Genus
sPeu‘es
| )
i Bacteria Archaecc Eukarya
. » eukaryotic
| prokaryotie | prokaryobic. L = . -
| plcleus oo e e il it o Viion
! membrane - bound X X | v
orgomet/es 7 bl e
. cireular ‘chromoscme” - in nucleus
DNA | . no histcne proteins associated | . grr‘ang&d ay Unear ehromMaso
| smaller crrewlor DNA - histone proteins v
meolecules : P/asm/‘O/ K mirtochondriow + chloropiacst
Ls circular DNA
(7cs) Seuka (Uros)<eum (80S) in eytosel
_ribosemes similor featues)| > Prokargofes
cell wall \/pepﬁdcgl‘;j@ﬂs } v, no peph‘doglgcqns
cell divisien binary mitocsis
repreduction | hasion . sexually /aisexudlfs :
extremephiles - " great diversily of formgs :
uniqu e | inhatbrt - unicelldar

extreme

!
|
|
|
|

en v:‘@nmer\f&

- ccleniod

- ,,meiﬁicd@ag_crgm:m 3
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11 i1 3

a1 41

A a3 iy 43 A1




offy’f

S :

\: T ——>ﬁ DomCuf]

i&iferl‘a ) ’; A[‘ ,Chcie? ] ( Eukcvt‘c*\ J
|
i ST SR L = 3
e — = e — = . =
Protactista LFunsi } ( Plantae \ 1 Anéma L(Q\; K’”ﬁ clom

1. Kingdom Frotoctista ;
. mostlg single ~celled or groups of similar celly
« lcme are laroz‘cy_cq . have animal - like cells (o ¢

scme. are algo(e_: have plom% - ke cells (cellulcse ¢.w-

o. /(ingdom F&ngi Ceukaryotbe )
* o chlorephyll — does nct phelosynthesise
. Heferotm,ohrc nutrition : uge organic. compeunds c) made. by other
organisms o source. of energy  and molecules for metabelism
from deac! and deca%fing madtter
feedc‘n\g as  parasites on. Lving organisms
- _reproduce by spores
simple  body form ,_unicellular
/on<3 theeads of hyphae (5 or Zﬁ aross woarlls )
- cell_walls of ehitin (not cellclose )

* no cilice or Ptage[[a
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: Kingo(om Vg sy P(c;ntczg ‘ H. Animalica
e muticellulor eukaryotes
E: . cells differenated fo form tssues and ergans
specialised cells fews  Mypes ] many  types
chleroplest / P“OLOE&JF’T’}@P erganism l X
voreuole -+ large, permanent ‘ » small, temperary
i S - fer support
_nutition | autotophie | heterotephie
]icells temetimes  eontoun cells somehmes eontain
flogellor oo poooetice x HagelQe s
« complex boolres |+ ecommunicahon by
unique | - hl’ghlg branched ’ nervauy  system
above + belows  ground
VrruSesqnone of features traclihonadly used for clase icafitn
L acellilar organisms (m Hudowr structure 7«" bocterior + 'I:fi“Q“\f

- particles made of proteins + nuclerc cterdd
- in free enviconment, viruses are infectious , but have no me faboelrs
. when infeot cells = use brochernical machinery cf host cell to
copy their nucleic accd + make proteinN
L destyuction of host ecell
* energy provicled by respiration in host cell
=> TaxencmiC system - classified by :
« whrch disease tThe virus cowuse s
hpee of nuclkeic aced (RNA o DNA)

. whether nueleic acid ¢ S’“Sj,’? er double _sﬁg‘r’ldgdn

TRV LI R IR e U e e e e EE e e E EL

)

N dd (& ba 3. 47 11
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13 .3 . Conservation
Threats  tc biodiversify
- hobitat loss + degroac(o&h‘cm of envircnment
climate. ohcmse
©  excestive wuse of fertlisers —  polution
© owrexploitaton T unsusteunable. use of rescurces

alien &Pec{es invaicn _on nahve. species

1. Hoabitat loss
B destruction of natured  environnent
C landl a(.ean'ng for agriculture hcusfnCJ, T‘Tomspo}/ b 3
= habitat  fragmentation Chobitets  become divided )
* most at risk:of extinehon: encdemic species on small islands

Defore stahon removie  veqeloyhen

~>  scil erosion ® Ssevere  [land olegradqﬁon

d. Climate change
« Ar pollubion : ecombushen o fuel with h:‘Sh sulfur content
— 8O, inotm + H,0 = acd raun
- desiw’o(j vegetahon « ccidiBbeation of aquahc ecasystems
onimalt — cani breed [/ survive: in woiters o loww o
+ Thdustriali saten +  exteiehion and combustion af fossil Auels
- 3| EC.. ¥ CHq], = tgreenhcme_ gases — cli mate ehcmge
= 8loba,? warming
L o A distribubion  of terrestricd ecesystems

* acidifeahon of cceans dxzsﬁcy ColCCy  mollusc shell

<

+ corad blﬂgching, whun t° foo hegh (odgag lonives cornt )

} 3 p :
B Lo - / , e
echch ~F cocst (i €



I /9

.

L

° rise in_ sea lovels 3 i

0 ’Ff‘equeﬂud of naturcl  eafcstrophes  (hurricane, Jwﬁ!*:‘cof"rif:,\--) :

£y Hoodmﬁ T [nutrients J in cocutedd wodLers’ P R AT ':

=1 growih of ph%to[)lanki‘cn « food for starhsh larvae :

--

3. Fertilisers ond  pollution :
" pelutant : substances animol boclies unable fo metobolise / exerete -

Pce . {‘aciory wastes  flow into rivers — substance persists — enter fac d chaiing ™
2  wectkens immune  syslem % Fem‘uhj n

marine  pallutant : I’)Oﬂ-bt'Odi%)’OLde]e_ plashe

eq.: _arimalA (ololphrm.) get caughz‘ in discarclec fishing neks —dre E

- twtles eat pleuhc koG € (nistoken  for ]e((gr”v'sh | "
excess ferﬁ&'&ers (ot f,':%:,?.’;l"r:é:’! by tcp 13!“‘ J N
& =

O drain into river —  exftra nutrienis — gfowfh of pmducer&

"

Like algcuz_‘- prociuce. toxre. substanees -

\ cx[gom, %rowTh unbadlances  food  web i

;

4. Overexplortation < reccurces 1
T

* overﬁ‘shl‘ng - taking wild  fsh fom theirr envircnmont t

T ..

hear exhnobon
* removod of valuable tecs btj 10(3%:7\(3 ecmpanies. - - moy/ g Qiny

— loss of  Keystone  specres (have contral role in eccSUStem)
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The need to maintain b:bdivers:’ty. az
» Ecclogicad  reasons :
- % civersity o less Lfkehj be unbalanced by ACono(l“h‘Cn./ threauts
- ecasystems cre direct vcilue te humans
eg.: + antbictics  from ﬁ,mgi ., bacterrac
+ anti -cancer olmgg rselated  from  plants
Aesthetic. reasons :
- A gain plasure frem siudtd:‘ncg/appreuaﬁng nathwal  weorld
Cl’mpi rechen for arbsts, peets, phefog,mphars,-- . )
- eccfourrsm : wildlife = scurce of income
5 prowdes employment contribute.  to  economies
- Soced and commercial rectsong

~ wild  plant specréss. resistant to (o«rge # q{ bacterred  straunt

— culbrated &b crop p[omfs (v genetic diversiy lesk by
J a
- 7 resisionce Selechve breeding ‘i
<
~ microorganisms. = scurce of ucetul products

e.g: Tog polymerase o used for PCR o Forensic / DNA ancilyers
Other services
~ foresis  absorb CO, oV effec d AL 00y in ctmesphere
= organrc woste  odded in water & broken qown by nu'CreorganitnNg
- Tanspiredicn ¢ plants: contribufe fo  waler O(JC('Q
b provicle weder  fer dlrinking + g odion

- termites, ants, ﬁmgi , boeteria. recycle elements (C,H)O,N,,..)




Ptotec*ing endangered species
: enddngered SPecies : threatened with exthnchon

N atonc pcu"ks

= copservahon areas with stict Limits fo protect wuldlfe + environment
alien animed species removed; invasive plants dug up and destroyed
- restricticn on human achvities
e teurrsm @ rarse money  + QuoreNness

© marine parks: conserve fragile ecosystems and areas ot

rrsk  of overﬁ‘Shihq, obredc(yfng) and pollcction

Zoos = protechen for endangered  and nelnerable.  species
= prowide  enjouyment _and interest  fer visiters

dJd

captve breedincg ' programmes  to reinfrocluce.  animatls
tc naturod habilcds
= problem: _inbreeding ( breodhing _animals from s all pep/
some caphive  bred animails don't know how
to auoid predaters, find food , rear younq
onmal refuse to breed in coypshi ity hard 1o recrecte
switable  habitat =  animad can't be returneol to the wald

how to N )
- for research : understard breoding habits, hatbvtat , genetic diversify

¢ C

TR I CE IO e U E (e E E LR

Assisted reproduchon sclution fo_inbreeding problomg

a) Sperm bank: ﬁ'eeza‘nﬁ collected  semen
= sperm samples  collected —> checked for sperm actvity — diluded
% mecium solution (tuffer +c¢bumem) — put inlc  thin fubes
(staws) — stored in liquid nitrogen (2 =176 C

E e E T (R 1
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b) Artiticial insemination (AT)

U
plocec inte  cotheter — interted  info vaging, through cervix, inta uterus

ter P _hormone. Freatment ¥ superowulates )
resulting embiyos Hlushed out' of uterus
—  fampferred o other Tfemoades thot hod  harmonal  treatment
\4 «lthrrogafe moﬂws,/ 1o __prepare. o : 0
= embrcdé #uﬁsfeﬁ FEe protects enoicmgered animed
\ ‘Ff‘om p’ec(]nCIHC(d
g - source- of many of’fepn‘nca
c) In vitre fertilisation ((VF )
- oocyte collectec] by inserting neeclle: into ovaries
—  uthdraw some mathue follicles
cocyte cultured in o medium — mix S semen |
; i

re&uLﬁnS udgofes dividdes — form embrgos — culhured mﬁ\\

— ploced infe mather Jother females (some or dif speciex )

d) Frozen 200 sperm for
holda genefic. resources  in form of 683” rwu’(:uq:ru('
+ moie genhc diversi iy embrgc specied

+ material kept for tonger pen'oc(\ of time

* eqas: - more diffict to freere

- more UKkely damaged by freo?nq t+ fiening
d € . ¥
5 <

-~
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Poblems of succesife] ecnservation of e cosy stem N
* erganism from : extinchen — do: T ¥ beycnd sustainable col[:l»zmrﬂj =
. ouujng (ctim \L#) =
- honsfem‘ng animeils  fo places @ small populoriens =

- birth control ¢ chemical controicetives @ Vaccine that  targefs .

the region surrounding - layer of glyccprotein around egq -

(vocane produces immune. respense. — preduce. arvhi bodlie s "
agounst glgccprotez‘n) » .

+ antiboclies atftach to glycoprotein -

—  bleck sperms  frem fertilising "

v JOl  success rofe -

-

Botanic. cagrdeng 5

. &ed%/mﬁfrnss collected frem species in the il :
—  buwld up populahcen — reinte duce to noturad  habitat :

- sample of cells grown of agar (in slerile condlitions ) :
L hitosis © moass of cells —> tronsferred fo  pedium f

eontauning plant hormones !

= grow stems/ roots — #ansferred 1o worl. :

rcles of botanic cjcrrden: ;
- pictect enclangered plant speciet j

- research methods of repracluehon + growth -'i

- resecrch conservahen method s i

- reinfroduce specres fo  habrtett S i

E

- educale the publte x— roles o plo fs in_ecasysiem

€ conomic VOLLLL
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L> Seed banks :
seeds of same species collected from different sites
—  stored sample  eentain goad proportion of totaf gene poct
= not lcge gerehc cb‘\/ersfﬁa'
- "recaleitront seeds” cannct be dried and ficaen

S el

g seeds of economically impartant #ropical species
(<5

collect seed's, grow successive genercfiony

J
X Keep an  hissue culhue
* seedt con be stoed  fr o leng tme & bttle  maintenance,
angwhere in the world
- germlaned every feww gears (!
- choect (f seedr are shll uviable
- produce new planh —2 cellect new seeds

- Bnd ecendihens fer breakina seed dcrm()ncté




b> those moved from one eccsystem to alnother
where ﬁwmj were preurou&(%; unknocon

COISES

°

humans trcxdmg animals and plgnfs

introduced as  biologiccd eontrel egents 1o control  pests

©  escapees

- animals intreduced for sport

effecis

- successtul|  predator

- compete effectively & notive organisms. o same niche

—> extinchon

- introduce diteages —> spread to orgonisns that have
been {jy{‘:,@.-’.f‘d to _that pothogen

eg .- water hﬁqcn'nfh

- grow successfully — cover huge arects of (and /wadter

- block sunbight fom reaching natve aquahc plants.

- Vv 0,1 in water — kills fish

- habitat for mcsquito larvale

Japanese knctuweed
- _vigorous root systems -2 forca. ity way through
conerete and  damaged  budldings rooals, cucills
- outcompetes ncttive. species by reducing spoce cdnere.

Thanj growe , : o —
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NGOs in lecal and globo& cormervohion
4. CITES - Comervabon on Thternationad Trode in Endan8€red
\L Specien of Wild  Fauna cnd  Flomx
o - sfgned agreement 1o ccnfrol trade ¢ e .s. and their
produdg i furs, skio, ivory
*  conniders  evidence presented 7o it about e.s
— assigns ¢ 4 o 3 oppendrces

e givern eriterior o tfcxdfnca recauloa‘iom

= sometimex  CITES  (rstings dont »ben,o.ﬁ“f the specres :
- species  trade  becomes ;‘L(Qgc&
— price for preducets o=k drods

2. WWF - World wide Fund for Netue
o campeining  group  for wildife - % 4
- to sfep  degradahen of the planefs nafucd  environments
© bwld ficure where  humcins + nahae  Live in harmeny .
- fundt  centervation  projecte

- publicises envirenmental issues  + eampaigns



Reston‘ng degroded hobitals  so theg may support o
Flowr Sl’)/ncj commun n‘g with htgh, b:odi\/erm‘hj
degradaticn : - human achvity or nochuod  catastrephe.

. restorochion :
_eg small scale- farmer plant frees on land  that ig

no lenger reeded  for food producticn

-e.g : replanting mongrore forests
- provicle protection against storm doamage , fleeding ,
rising  Sec (ovels

- Important  nursery grcund& for yeungy fAxh

planting trees in Hout'

. atter cetcrestaben, seil ercsien, -

Eden prgject, uK
. reclaomathen  project
educcted pecple in  plant biadiversity ond. the

Nneed for conservabon

s s s i AARN NN

am ' |
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|9 . Genetic Techno(ogﬁ

19.1. Pn‘ncjp/es of geneﬁc Z‘echnologﬂ
o) * recombinant DNA (rpNA)- DNA made by joining  pieces
from 2 & different scurces |
b) - 3eneﬁ‘c~, mgmeef{rg :
- extreichen /Synfhesf% of genes  from 1 crganism
= place gene inte ancther organism  (seme /dit specre: )

—  gene is expressed in new host

___lgmerase chain reaction (PcR)

= o e o o e = e e e e o - — e - —— —

& s By - £ - 0 (A +
nopis pr i;\’_?.‘i':"“ o oY _torge. # oot popies at oL parbcotlory DN A raamen

4. DNA s depatwed @ 255 heab’ng
— gseparate  DNA shoinds  —" expose  boges
&. attach  primers tc ends of single -stranded DNA @ 6S°C
3. elngation: DNA_ polgmerase. builds  new strands o DINA
O(Scuﬂst expesed  ones (+ rucloctides ) @ TEC

¥ 7<_>(q polgmeruse: 1 neatl- S{ehHle polyniercice.  USea i ."1(2/3_

- not ceshoyed in denatwatdion : no need to reploace  ecch cyele.

- high optimum t° — moximize  efficienc
gh—ep :

o ) } } p o "
= 1" deesnt need 1o ke drapped fer cn ‘GG('W‘( rocess
] =

eseparate drf molecides R ono(‘dg_ < of P)Qn‘m’h: s  DF ,’A)

- place mixture of molecules infe wells  cut in agarese 86/
L oppudm% electric Peld.

Foctars s net. chorge _of malecwles

+ size d molecule : ' 2

* Composition of 99./ . size of pores " ithin 3&/




separate  polypeptides  produced by
E lectro phoresis of protel‘ng oif alleles of many - gjenes

anode () . charge on  proterN X fonisatbien c({,

R groups on o .a. residues

Al @ o (—j L mnHy " [.eCO -
’% » choo:(je dependls o pfl
3 |7 v A 15 —  wse  hbuffer solution
sl () 3 0 ek, ’ « proterns usucdlg -ve chqrged .
cathode () - polypeptides separated due o
— A 2 ES - s i o et clqargeg

Elec tophoresis  of DNA
- o region of DNA is chosen
DNA  extracted
DNA chopped to pieces using frestriction endonuclases

fragments transferred to cbserbent poper

> placed onle gel =  heat : separate o DNA strands
- \\Pmbes ¢ (\Shor’c sequences of single stranded  DMNA)  added

= rodicactve P isotope — X'ro‘uj — darken film. > visible

c) Plosmids as  vectors in gene c’onirg
> smal_cireles  of  double - standed ~DNA
- small = ecsy to use

OE R E S U S LS IS O Ot EORE COE  L SEL

> exfelr nodural(g i hacteric = take up  plasmids  fom  surreunchinGs

¥ + ™ )
can be °  produced ar h‘ﬁ‘_ca“qt(g“ — recambinant  DNA

A
i

double stranded : can insert genes  from prokaryetes + eukaryotes

."_€/>_L{C_O_d_€:;j[\gieppgd_e:pﬂg_ N bacterice =

con be tfransferrec  bethoveen oif bactenal species



R R

PVCWCJ‘QL/ R RNA pc‘u;:Y‘?F:\”:"f‘
7] Promcters : control expression of genes
— ensure  high levels of gene expression
© promotec bindy to DNA shand
= allowws  RNA polymerase tc bind 1o DNA
- ensures RNA polymerase recognises template.  strond

La

promaoter recyion = ‘framscr)pﬁon start  point

_——> enpymes proc?udng

florescent substances ¢ traing

> _anhbiobc resisicince gece cmorckers 2 Sprec 1o oltber hoctena
« GFP ({areen flucrescent pro‘te(n) fom J‘ell(d fish -
- gene inserfed info plasmicl 77 Taken wup by bacteria
- shine WV light — iderhfy gemﬁwl/% medified  bacteria
Gus ( A- %lucuroniduse_) from E.coli:
transfermed cell incubaded with eclorless /non -flucrescent subshrate
—  tranttform inte  coleured / flucrescent  products

Lo detect &c‘bv:“hd of insertec! genes

h)* restriction endonucleases : restrict vired infechons b‘d recognIs/iNg
and . breaking  down  DINA of n‘r\\/czdmcj Virus es
L binds to specific target site on DNA (sequence of bases)
— cut sugar-phesphate  backbone -
- straight aeross = blunt endl s B

1R
LM i

- %‘lQSSQrec‘ fashion —> Sﬁckﬁ, ends "
¥ Stﬁck5 ercls @ short. Lcm%ﬁhs of unpaired  bases
Lo eqsv‘(g formn Hjnds with  complementary  base seguences

on other frug Nis ¢ DNA cut & same  resbichon enzygme

Fl, AREEREREREREREREENETETYEYEY YRR YRR
3
%&
g



cemplernertany

single strancled + DNA polymerase — deuble stranded < DNA
* reverse transcriptase : using mRNA _as template
— produce  single - stroinded!  PNA
* DNA lgase: Unk icgether suoar- phasphate  backbones  of
DNA  molecules and  plasmid
> produce  closed eirele ¢ deuble  stronded  DNA con*lcu‘nfng

new gene " recombinant  DINA

) Microarrays
identi fy genes present in an gy(\c}@rw‘grw@ genome.
find out  which genes_are ex presced  wuthin cellg
Ls micrcarrays  contain . thousands  of gene probes
4. Genome analysis  cempare o bypes o DNA
* DNA collected , cut to ﬁtlgmerﬁs , clenatured
— labelled with flucrescent tags
DNA samples mixed to&eﬂ‘)er‘
—  hybridise. with ?M;;robea on.microarray = inspected wuth WV
= colur : DNA hybridised with probe
- no cclour: DNA  nat hybridised , gene not present
d. (ene expression - de‘fec:b‘na mRNA
Ls  ic rolenh‘ﬁ'é genes that are befng btanserrbed  te mRIVA
+ mRNA ccllected — reverse teinseriptage.  — eDNA
* cDIVA (abelled with  flucrescont togs denctured
hybriclise.  coith  prabes on microarauy
speli that flucresce on microarray = transeribed genes

L mTehsd}) of light emitted  from  spets ; e

= level of actvity of gene il yibsece

NSRRI T el I 4% (9 1 (% (0 1% i I fw I® @ W im i M IR M (B (w Ié. /W

N
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19.9. Genetic ‘fechno(ogy oppled to mediane
o)  Biocinformadics : collecﬁng ) precessing and anclysis  of

bv‘o(c(gfccxi info and datot using computer scffucre

5)  Bioinformates  bucd databases  which held gene. sequences,

Sequences of complete 8enomag

ig

can be matched OIQSfE‘,eS of Siwmtlcvrl"t‘ﬂ caloulated

C/CS.Q %vmw(oru‘f{ei iNncaicate VeCcVTi comimaon OJ“{/(::K//"V/
-

v
modlel for mve&h’gah‘ng the way such. genes have their effects

human  genes may  be found in other organisms

© Plasmedium _gencme © used to find new methods to

control paurasites

L read gene sequence : develep veecines for madaria

© Advantages of using humon proteint produced from  recombinant DNA

Y
« insulin: relickle suppl%j avculable  for increasing demand inte hacteriog

not  dependent aon  foelors e .9 * mvieot 4 ocie

-

acl foster thon onimal insulin or. glower over /cn? Hyme Fey:'hd
- factor VIl : gene tically modified hamster celld  produc  facter Vill -
= extracted, purified —  teat A T hoancphiliac
— ovoid risk of infechon (e g+ HIV. from. dor ated blecd )
odenasine deaminase (ADA) : treat cevere combipec
immunodeﬁct‘enc(# disease  ( SC‘(D)
- 8er‘)eb‘cc¢ll%{ medified insect larvae cobbage lcoper matht
L administered  te patents when: caterpillawr
S wou'h'na for gene ‘H’Zefupg

- _gene. Thercz/by net possible =




for the presence of a particular allele .

e S o .
avallable  for: odults, fetus, embryc --.

+4)  Genehc scfe,ening 2 cmo/gsrs of o Pers.on's DNA to check

- BRCA1 and BRCAQ : 'Fom[ﬁj alleles — breast cancer

— elcthve vogectom(j
pre -implantation genetic diagnosis (PGD):

~ INF procodure  (sperm + egq =2 jnlc tdish)

> efght-ce(( stage  — remove 1 cell — omofgse DNA  for

geneﬁc oiseagel alleles —— no : embrﬁo chesen for implantattn

yes : embryo drscarded

L= aucid pregnancies with  hewmophilict, sickle cell angemia,

ﬁunh’nqton's disecse cﬂsh"c fbrosrs .- -

* provides  infa  about T risk of A /’)C:n/ll’)g’ 8eneh‘c concli hons

A prepare for  Jate onsel of genehc eonditons Humﬁ'rﬂgfcni chsease

iclet'fy  ohether embryes fom IVE il develop 8eneﬁc, e.cé

fetus  that needh eor(g treatment

helps  provide early OUO(%DOSI'S‘

¢) FEthics of genefic sereening

° fetus screening  for 8eneh‘c disecise :

- amniccentesis ok for chromasanod mutationg
; . defect : e
- cheorionic Vi Hus SQmPU s = _minor: cases 2 derminahon

2 Figk. “af my‘smrn‘oge 7
Sex  preselection « terminade if wrong. sex — we

therapeutic.  abertions: term {nod?'ng preano«ncres for

PGCD 1o select

meodlical recsans

S G A I A B r A EIrirIirininirinim
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Gene #herbpys treafment of o genefic drserder by altering
c Perscm's genotyp& (insert _normed alleles  of ceres inte  cells

& :
= ommon  vecilcrs :

MYTE AN
* Viruses :  retrovirus , lenbivirus : HIV, adenc -assacrated ﬂV)
\

- L«Po&omes ~ {small spheres of Pho&pr‘vcﬁc:o’i?‘

noked DNA

Severe. combined immunooleﬁ'c,lenccd (sciID)
L crippled  immune system

Lo sufferers ole of fﬂfancﬁ due e normaod infechong
e SIS f'nuvaﬁJ tc make adenosine decimincise (ADPA )
- alleles of ADA gene intracluced  into’ 7—((dmphoo‘,dfe&

>

Vi VIrTUs. vecter taken out

L> NoT PERMANENT

- veclor retrcvirus © insert genes mndomly inte host s genome
> nsert inte ancther gene/rcgulamrt{; sequence of e gene
achvate nearbg gene 'L—’ eoutse . concer
-~ Yector [ephvirus: insert ranclomly  inte host gehome,
con be madified 1o incepvade repl(‘codv‘cn A Yy
vecter adeno- assceaated  vires (AAV) - does not insert
gene intc host gename " passed  {fo r:fm:ugh'ler cell]
ellg )

( succoss el coirth lena - bving
g

-~
. S &
\

s

SuccegsAd gene Thu‘@pfe&'-
cuystic  Pibrosrs

Y

SCED

hereol fcwy plindness ( leber cqhg eni'tal cmourro e )



s Ccdsh‘c fibrosis genefhic drserder : a’bncrmodl%, thiek mucu
Lproduced in [ungs + other del;f parts

recessive (mutoted ) allele of gene of transperter protein CETR

SUL S for CL™ rons
- deletcn mutabon of 2 bases (AAA) n CFTR gene
~ role of CFTR: transpert CL° ceross  epithe liod cell membraneg

{ paincreas luﬂ83 - alveols )

—  water  Afollowws wviex osmosis = mem brones monst trunny

- sufferers —of ctdshc fibros/s:  CFTR norn- funebhaonaoal

- H,0 retained — olnj nembrones  + sﬁcﬁ’g mueus

7
7

=

7 o ck mu;cu%

—~ / % =
A . l 1IN A VARIERIE non =

\

v Punchionad

ouT

5 (A

1 1T (7 1T 1V 011 11 (1134 r 1141 11 13 11 41

: SO0
H;C) draws I CQ— ret‘a{ﬂed
func ticnod out by csmosi's L H,0 retained in cell due to
CFTR channel hf?h conc. of Q-

pio tein

1 41 47

Sﬂmpt‘cms
- mucus accumulates e lungs = breathing difficulfres ~ infecto
- mucus  blocks pancreatic duct — ored enmymes help digestion

- male infer h'&'/y: threk  secreticnt  block<e ducts
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cells invelved tn sexuad
/ reproduch‘on L

* Somatic  + germ cell Therapcj gametes /Qortﬂ embiy &
> pPlacing culeles S allele in \germ Line
nta body cellg = passed on through generabiong

9 Applications

Electrephoresis of DNA @ = 'genetic Proﬁ‘ng (f’w‘ngerpr:mz‘mg)

in  forensic  scrence.

PcR — forensic  science - amplify DNA fom small trssue

L . sole crimes samples

19.3. Cenetically modrfred ofganisms - in. ogriculfure
Sowal rmplications of wiing GMO irt food production

» modified erop plonts - - agricuthured weeds

invede  erop  habitads

* introduced 3ene(s) may be transferred by pollein:

= to wild relafives — more invaive hy brid of‘f’sprfn?

- fo  unmodified plants on farms  with organie  certifhcabon
* modified planls = toxie, procluce allergres 2 5P+ hisnaning ranimals

«  herbicrdes will leave tfoxic residues on crops

GM seeds are $¢ =33 herbbirerdes — o od[VOr\(OQQ

growers need to bLu&/ new Seecld ecwh secron

lose  tocdihoned veirte e s

n




1

Her bierde — resistant crops
ls  felds sprayed with herbrerde

kils  weeds that ecompete for space, light, weder, tons
— T erop yeld

O seed rope.

- socurce of vegetable ol 5 brodiesel fuel
modifred —  resistant 1o her brerde QL&PHQSPHOJQ-Q
Cinhibits SLJnH’\esz‘S of 3 aa.: phemglamme,

tyrosine, trytc phan)
- glyphosphate  absorbed  through kaves — grocoing hips
GM gene  tronsferred  from  bacterium

Jobacco.

resisfant 1o herbicides - sulfony lurea + dinitroanitine

geres foken o other plant species

Effeck on enuronment:
CM plant  be comes agr{ou(furaﬂ weeds
pollen will tremnsfer gene 1o wild relatives
e hybrid  offspring —  invasive weealy
herbicidle = resistant weeclh evolve  because sa nyucih of

the same  Aerbreide = used.

U (8 0. 49 3 40 11 (3 13 13 43 13 17 43 13 0% 43 13 13 43 13 13 13 17 13 I
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Genetic engineering ‘
- improve quality (nu#;h\on) + ﬂ;‘efd of crop P?onh + Livestock

L>  solve demand  for food in the world

1. Colden Rice (pro - vitamin A enhanced)

= g med = produce large quanthes of R - carctene in_enclosperm
‘>  human eells convert to Vitamin A.

= __Stume. gfeld, pest resistarice , eating qualitres as orr‘CJ!‘nocf varietieg

= normq(lgj :
deficieney of Vitamin A — blindness = mortall“hd

o

s V:‘fomm A = FOL{’ soluble, '/O""(d’r sh ’QEC‘[”’\J{ Cbiver

L immune deﬁca‘eno%/ sgndrome

\
\

Mo-vA present in  aleurone /o;ger, not endosperm in rice
~ genes for carctene  produchon token from "J/
* daffodils - insterted (nte rrece

« common  soil bocterium  PFanteect ananahs

*  ethica im plicochions ?
- some orgoniacahons condemn Golden Rrce : wrong woy
te sclve  — need to sclve po\/efhj , pokhcad ,

culhural, eccnomic  issues — v peverhy = more varred dret

g, GM  Atlante  salmon
growoth hormone. reS (,L(o(h‘na " Promo’fet” b3 inJ‘ecfed inte
gene ( Pacific Chincck sqlmcm) (eccan Pcm‘) fertilised eg9 g(sa/mo\

S calmen reach market size in Yd hme (18 maonths )
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Insect - resistant erops

& . protect against insect pesis = 1 g:‘eld
Effecth on. environment:

*  evoluticn cf resistance. by insect pests

= domaging effects orL cther insect  species

«  transfer of added gene 1o cither plant speciel

Cotton - protected ageaunst eg.: boll weevi'l

Rt mai2e - protected against corn borers

- Bt toxin @ - lethad to intects that eat it
T_ — hormless to other animads
taken fromm bacterium  Agrebacterium  tumefacienA
GM  crep plants wth Bt foxin gene  —2 produce own insecheide
Bt resistengg v cern. borers: recessive allele

' ~ * 3 '
Adutt  eccrt borers N refuges SU‘PP[S dommnaot allele to
1

counteroiet  resistonce  when mote woatn  bevers from fAeld

1o oM N0 2@

“_‘
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GCene code for insulin obtained — insert inlo plosmid

- extract mRNA
PNA - palymerase
- reverse tfanscrl'ptase —=-aDRNA ——> double - stranded

- ad with  restriction en2yme  wn'th eDNA_ and _insulin gene

aclpsulin gel
= complementary  sticky erds mirxed

DINA  lkgase —  jomn sugar - phocphote  backbane

eNes
Howw bacterioa can be GMed - identrfied using anh bichc. resistanae.

= recambinat  plasmids  mixed wath  bacteria

- some  bocteria take up plasmids — tronsfermed

- heoit  shock, Co’ Vi seilation

identify  bocteria centaining  plasmid -

grow o egar  containing  antibiotr e :

plasmid eontai ne  anbibrche  resistant genes 2 survive
/‘olemh'ﬁé recombinant  hactent

©replhica plae —  onto agar  torth R antibicbc

= if recombinant — resistance. gene decrctivated

- _colonies on 4% plede o not groro on 2 plate
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