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Gregor Mendel

= AvokaAue tn cwpatidlakn
kal Suadikn puon TG
KANPOVOULKOTNTOLC

* HmuBavotnta petadopag
evoc aAAnAopopdou otnv
ETIOMEVN YEVLA Elval %5

" Ta XOPOAKTNPLOTIKA
KAnpovopouvtal Tuyoia

= H epyaocio tovu Mendel
TMIOPEUELVE AYVWOTN MEXPL TO
1900




Charles Darwin

= [MepLeypae TOV UNXAVIOUO TNC
dUOLKNC eTLAOYNC oTNV €EEALEN

" Qepeliwoe por Suvaplkn eEEALKTLKN
Bewpla

= Agv xpnolponoinoe kaBoAou
HoOnpoTLka

" Agv €€NYNOE TOV UNXAVLIOMO TNC

KAnpovounong

Charles Darwin (1809-1882)




AvakaAuyn Twyv vouwyv tou Mendel (1900)

Hugo Marie de Vries (1848 - 1935)[ Erich Tschermak (1871 - 1962)

Carl Erich Correns (1864 - 1933)



https://en.wikipedia.org/wiki/Hugo_de_Vries#cite_note-2

AvakaAuyn Twyv vouwyv tou Mendel (1900)

[eppavoc BotavoAoyoc Kal YeEVETLOTAC: To 1900 enaveédepe 0To dwC TOUC VOLIOUC TOU
Mendel kat apyotepa avokaAUPE TNV KUTTAPOTIAACHATLK KAnpovoukotnta (cytoplasmic
inheritance), peAetwvtag dutd omwc to Mirabilis jalapa.

OAAOVOOC YEVETLOTNG TTOU aVaKAAUE €K VEOU TOuC VOouc tou Mendel kat Statinwoe T
Oswpla Twv MetaAAdéewy, mpoteivovtac OTL N eEEAEN HUrtopel va cupBaivel peow Eadvikwv
aAlaywv ota £i6n.

AUOTPLOKOC BOTAVOAOYOC TTOU TIPOYLATOTIOINOE TIELPAMATA HE UITL(EAL KO, aVEEAPTNTA,
emiBeBaiwoe ta evuprpata tov Mendel, cupBaAAovtag oTnv avayvwpeLon TWV VOUWV TNG
kKAnpovoutkotntag to 1900.

Erich Tschermak (1871 - 1962)




Inheritance of cytoplasmic and nuclear genes

AA,BB,DD, diploid nucleus aa bb,dd, diploid nucleus

Female parent Male parent
cp, mt, cytoplasmic genomes ¢cp, mt, cytoplasmic genomes

Female gamete Male gamete
B iy Y

h
o ) S

QT

""“‘*--____

Diploid zygote
Aa,Bb Dd, diploid nucleus
cp, mt, cytoplasmic genomes

Nature Reviews | Genetics




Francis Galton

" JTATLOTLKOC, PuyoAoyoc,
KOWWVLOAOYOC, avOpwTtoAoyog,
e€epeVVNTNC, YEVETLOTNC

" |SputnC TNC “euyovikng” Kat Ttou
“kolvwvikou dapPviopov”

* MeA€Tnoe TIC BLOUETPLKEC SLadOPEC
oTou¢ avBpwrivouc nAnBuopoug

" [Ipotelve evaAAaKTLKN Bewpla
KANPOVOULKOTNTOC OTTO AUTH) TOU
Mendel (Blopetpikny oxoAn)

Francis Galton (1822—-1911)
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William Bateson

" Ynepaomiotig tng MevdeAknc oxoAnc,
LOPUTNC TNC YEVETLKAC EMLOTAMNG
o Madi pe touc Charles Davenport
kat Wilhelm Johannsen

" Tn Sekaetia tou 1930 oL amoPeLg Twv
BlopEeTpLKWV Eixav TAEoV amoppLdTel
Kol N LEVOEALKN) KAnpovounon
KU pLOLpXEL

W Ooadllage

—

“a British biologist who founded and named the science of genetics William Bateson (1861-1926)
and whose experiments provided evidence basic to the modern
understanding of heredity”

8
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JOURNAL

OF THE

- ROYAL HORTICULTURAL SOCIELY

Vor. XXVL 1901

Part I.

EXPERIMENTS IN PLANT HYBRIDISATION.
! By GreGor MENDEL.
With an Introductory Note by W. Barrsox, M.A., F.R.S.

_The orginal paper, of which the following pages are a translation, was
published by Gregor Mendel in the year 1865 in the “ Abhandlungen des
naturforschenden Vereines in Brimn,” Bd. iv. That periodical 15 little
known, and probably there are not half a dozen copies in the libraries
of this country. It will consequently be a wmatter for satisfaction that
the Royal Horticultural Society has undertaken to publish a translation
of this extraordinarily valuable contribution to biological science,

The conclusion which stands out as the chief result of Mendel's
adinirable experiments is of course the proof that in respect of certain
pairs of differentinting characters the germ-cells of a hybrid, oreross-bred,
are pure, betng carriers and transmitlers of either the one character or
the other, not both. That he succeeded in demonstrating this law for the
stmple cases with which he worked it is scarcely possible to doubt.

In so far as Mendel’s law applies, therefore, the conclusion is forced
upon us that a living organism is a complex of characters, of which some,
at least, are dissociable and arve capable of being replaced by others.  We
thus reach the conception of unit-characters, which may be rearranged in
the formation of the reproductive cells. It is hardly too much to say
that the experiments which led to this advance in knowledge are worthy to
rank with those that laid the foundation of the Atomic laws of Chemistry.

To what extent Mendel's conclusions will be found fo apply to other
characters, and to other plants and animals, further experiment alone can
show. Though little has yet been done, we already know a considerable group
of cases in which the law holds, but we also have tolevably clear evidence
that many phenomena of eross-breeding point to the coexistence of other luws
of a much higher order of complexity. When the paper before us was
written Mendel apparently inclined fo the view that, with modifications,

B




2& pia O01aAegn oTo lNMavemioThuio Tou Cambridge..

To 1908, o Punnett €dwoe pa dnuooia StadAeén oto
MNavemotApLlo tou Cambridge oXeTIKA e TN UEVTEALKN
KANPOVOULKOTNTA KAl TIWE TA XOPOKTNPLOTLKA
‘kAnpovopouvtal og TAnBuoulako eninedo.

Reginald Punnett
(1875-1967)

210 akpoatnplo Bplokotav o otatiotikog Udny Yule
(oo tn “Blopetplkny oxoAn” tou Galton kal tou
Pearson) kal pwtnoe tov Punnett:

«Av T KUpLOpXO XOLPOKTNPLOTLKA UTTEPLOXVUOUV, ylaTi Sev

Udny Yule KUPLAPXOUV OAOKANPWTLKA 0TOV TANBUGCUO LLE TOV XPOVO;»
(1871-1951)

Edooov BpaxudaktuAia ival elval EMIKPATEC VOO,
LE TOV KopO Ba yivel ouxvotepn otov MANOuouO;
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= Bpetavog HaBnuatikog yvwoTtog yia T cupPoAr tou otnv kabapn
HaOnuatiki avaivon kot tnv Bepeliwon tng MANBUCULAKAG YEVETLKAG.

= Metd amno dtaAeén tou Reginald Punnett kal tnv Epwtnon Tou oTaTIOTIKOU
Udny Yule amodelée OtL oL yoviOLOKES ouxvOTNTEC O€ €vav MANBUCO av
UTTAPXEL TUXALOL QVaTTOPOYWYT).

G.H. Hardy Hardys brief letter dismisses Yules criticism of Mendelian genetics:
(1877-1947)
“I am reluctant to intrude in a discussion concerning

matters of which | have no expert knowledge, and |
should have expected the very simple point which | wish
to make to have been familiar to biologists...There is not
the slightest foundation for the idea that a dominant
character should show a tendency to spread over a whole
population, or that a recessive should tend to die out “

Christenson, H. E. and Garcia, S. R. "G.H. Hardy: Mathematical Biologist," Journal of
= To 1913, avayvwploe 10 TAAEVTO Humanistic Mathematics, Volume 5 Issue 2, pages 96-102.

Tou Ivéou autodibaktou

uadnuatikou Ramanujan kat tov

kaAeoe oto Cambridge



Wilhelm Weinberg
(1862-1937)

Weinberg, W. (1908). "Uber den Nachweis der Verebung beim Menschen". Jahreshefte
Ha rdy-Wei nbe rg des Vereins fiir vaterldndische Naturkunde in Wiirttemberg 64: 368—382. 8

Godfrey Harold Hardy
(1877-1947)

Hardy, G. H. (1908). "Mendelian proportions in a mixed population". Science 28: 49-50.



[MPpOBAEYN TWV CUXVOTATWY TWV YOVOTUTTWYV

pollen
@ §

B 1,2 b 1,
®- T ¥
e 1/2 BB ,/, Bb ,
2| @ | &

1/2 Bb /4 bb /4

Punnett square fame

= O Mendel mpoBAEmel GoLVOTUTILKEC KoLl
YOVOTUTILKEC OLVAAOYLEC OTOUC
QTtoyovouc e BAon Tov YovOTUTIO TWwV
yoviwwv piac dtaotaupwong

= MrmopoUpe va TtpoBAEYOUUE TLC
OUXVOTNTEC TWV YOVOTUTIWV CE £vavV
nAnBuouo;

o — Nai, av urtapxeL tuxoia
avarapaywyn!

13



MevOeAIKOG, TTAOVHEIKTIKOG | TTANBUO MGG
TUXAIOC aVATTOPAYWYNG

" Evac mANBUoOC OTtou oL culeVEELC LETOEL TWV EVAALKWY QTOMWV YiveTal
Tuxaio Aéyetol PevéeAKOC MANBUOUOC
o Evoac mAnBuopocg pe Suo yevn ko eviAlka (oe€ouvaAlkd wplpa) atopa
o OAec ol buvateg SLaoTavpwWOELC eival LooTiBaveg
¢ MANBUOoLOC TUYAiOC avarapoywyng
* HmBavotnta Staotalpwong LETOED ATOUWY UE CUYKEKPLUEVO YOVOTUTIO
N $OLVOTUTIO LOOUTAL LE TO YIVOUEVO TWV CUXVOTNTWV TOUC OTOV
nAnbuouo

o Mavpe§ia (mavpektikog mAnBuopog)
14






Tuyxaia avatrapoaywyn

©nAukoi yapeTeS (OuxvoTNTa)

A(p) a(q)

ApCEVIKOI A (p) AA (p?) Aa (pq)

YOUETEG

(ouxvotnra)

a (q) Aa (pq) aa (q°)
P = p?
H npoogyylon tou Hardy = | H = pg + pg = 2pq

Q=q?

16



Mendelian probabilities of offspring (zygotes)

Mating pair Frequency of mating pair AA Aa aa

AA X AA Gaa X Gy =Gas” 1 0 0

AA X Aa Gaa X Gag = GanGaa l2 a 0

Aa X AA Gag X Gaa =GaaGag Y5 Ya 0

AA X aa Gan X Gaq = GyaGag 0 1 0

aa X AA Goa X Gan =Ga4Gaa 0 1 0 , )
H npoceyyion tou Weinberg

Aa X Aa Gaa X Gag = Gag” Va Va Va

Aa X aa Gag X Gag = GaaGaa 0 a L2

aa X Aa Gua X Gag =G4aGua 0 %! 15

aa X aa Gaa X Gag = Gag® 0 0 1

Total Offspring G aa G Aa G aa

Summing zygotes over all mating types:

G’AA = GAAE + %) [EGAAGA,]] + 13’46‘4‘12 = [GA_A + VZGAﬂ]z = p2

G aa = Y2[2G44G a4l +2G44Gyp + %GAa‘z + Y2[2G40Gual = 2[Gan + ¥2G40l[Gaa + ¥2Gaal = 2pq
G’ua = %GA:‘!E + J5’)’2[2(--J'T..—‘hr.:(;4:11'11 + Gﬂﬂ2 = IGﬂﬂ + Jy&GAﬂ]z = qz

Note: Female genotypes are indicated first in the mating pair, male genotypes second. 17

Alan R. Templeton. Population Genetics and Microevolutionary Theory, 2nd Edition (2021)



10 ocupTTréEpaoca atro TiG epyacisg H-W

= Y& evav nAnBuopo tuxalag avamopaywyns, yvwpl{ovtag T CUXVOTNTEC TWV
oAANAOUOPD WV OE Ll YEVLA, UTTOPOUE VA UTTOAOYLOOU E TLC OUXVOTNTECG TWV
YOVOTUTIWV OTNV EMOUEVN YEVLA!

P’ = p2
H’ = 2pg
Q' = 0>

No uTtoAOYLOETE TG CUXVOTNTEC TWV
aAANAOLOpd WYV OTNV EMOEVN VevLd [p’ katl q’]

18



2UXVOTNTEG AAANAOHOPPWYV ETTOMEVNG

YEVIAG
P’ = p2
H’ = 2pq
Q' = g2 p’ = P’+H’/2 = p2+2pq/2 = p?+pq
=  p(ptq)=p
p+q=1

g’ = Q'+H’/2 = g2+2pq/2 = g3+pq
= q(p+q)=q

19



20 CUUTTEPOOCHO OTTO TIG epyaciec H-W

e €vav mAnBuoupo tuxaiag oavamopoywyng, ot
ouUXVOTNTEG TwV aAANAoUOpPwVY amo yevid o€ yevid | =  MANBuouoc loopporiag
dev petaBairovral!




AA Aa aa

Adult Population
P Gaa Gaa Gaa

Mechanisms of
Producing Gametes 1
(Mendel's First Law)

Gene Pool A a

(Population 1 1
of Gametes) P=Gaa+z Gaa qr=G 5 Ga

/
Mechanisms of
Uniting Gametes q/ q
(Random Mating) \ ’

na s &aA) 2.€ évav TTANBuo G TuXaiag avaTrapaywyng, ol
Gaa=p® |  Ga=2pq Gha=q? OUXVOTNTES TWV AAANAOUOPPWYV ATTO YEVIA O€ YEVIA
Mechanisms of 68V p&TGBd)\)\OVTGI!

Developing Phenotypes 1 1 1
(No Effect on Viability,
Mating Success or Fertility)

Zygotic Population

Adult Population AA Aa ad

Of Next Generation | G'4,=p° G'1a=2pq Goa=g°
N

Mechanisms of 1/ \ 1
Producing Gametes 1 2 \2 1
(Mendel's First Law) f \

Next Generation A a

Gene Pool | p'=p?+1(2pg)=p q'=5(2pq) +3?=q

Alan R. Templeton. Population Genetics and Microevolutionary Theory, 2nd Edition (2021)



MNapadeiyuya

Inepparolwapia
2Uxv. (A)=0,7 2uxv. (@) =0,3
ZUXV. (AA) = 2UxV. (Aa) =
2uxv. (A)=0,7 0,7 x0,7 0,7 x0,3
~0% ~o2! P’ =p2
Qapia H y _ 2
2uxV. (@A) = 2uxv. (aa) = - pq
sugv. (@ =03| 03 x0,7 0,3 X0,3 Q' =92
=0,21 =0,09

22



Indian

Population G o= B3/140=0.593 Gyyy=46/140=0.329 | Gy=11/140 L4
- R N MNoapadeiypa
Mechanisms of 1 1 !‘f \.1‘ 1 1
Producing Gametes H H . . .
(Mendel's First Law) ff ‘n\ Application of the Hardy—Weinberg model to a
y 1 sample of Pueblo Indians scored for their genotypes
Gene M N
e 0=1(0.329)+0.079 at the autosomal MN blood group locus.
p=0593+1(0.329)=0.757 =0.243
7\ |
I
Mechanisms of ! \ |
Uniting Gametes P p P / g q \ g
(Random Mating) / \ i
4 1y , 2
MM MN NN —
Zygotic Gyy=9° P p
Population Gum=p?=0.573 Gun=2pq=0.368 ~0.059

H = 2pq

Mechanisms of b J— 2
Developing Phenotypes — q
(Mo Effect on Viability,

Mating Success, or Fertility)

Adult MM MN NI
Population 2
of Next Gyy=p?=0.573 Gyy=20q =0.368 S

Generation MM=p"=U. e e o

=0.059




Noupog Hardy-Weinberg

H o Baolkn oxéon otn YEVETLKN MTANBUCUWV

= Otav €XOUUE TUYOLO ovaTapaywyr, LETA o piat YEVLA UTTOPOULE
VAl UTTOAOYLOOUUE TLE OUXVOTNTEC TWV YOVOTUTIWV €VOC MAnBuaopou
oav SLWVU LKA cuvAPTNON TWV CUXVOTATWY TwV dAANAOUOpdWV

= Av anouvotalouv AAAoL eEeALKTLKOL TTAPAYOVTEC (TT.X. ETILAOYNR), KL N
QVATIOPAY WY TIOPAELVEL TUXOLA, TOTE OL CUXVOTNTEC QAUTEC OEV
petafailovtal amo yevid o€ yevid




AIWVUNIKO OVATTTUYHO

" p%+2pg+q® = (p+q)?

" InUalveL OTL UE TNV TUXOLA
avarnapaywyn, cuvbualovtal
Tuyoia ava duo ta aAAnAopopda A
KOlL @ LE CUXVOTNTEC P KalL g

= [Lati ava duo;

0 01 02 03 04 05 06 07 08 09 10 p(A)
1.0 09 0.8 07 06 05 04 03 02 01 0 gq(a)

allelic frequency
25



[MpouTtroB£ocic Vi TNV I0XU TOU
Bewpnuarog H-W

= AUTAOELONC OPYAVIOUOC

= YefouaAlkn avarmapoywyn

= Mn EMKAAUTITOLLEVEC VEVLEC

" MéeyeBoc nAnBuopou amelpo

" 181ec AAANALKEC OUXVOTNTEC OE APOEVLKA Kol OnAuka
= Tuyaio cUlevén TwV ATOpwWV (avpeLéia)

= Aev UTtAPXEL ETILAOYN

= Aev umtapxel elopon aAAnAopopdwv otov TANBuopo (petavaotevon N
pnetaAioyn) y



Assumptions of Hardy-Weinberg Equilibrium

1. NO Selection 2. NO Mutation 3. NO Migra.tion

NMpouTtroBéoeig
yid TNV I0XU TOU
Bswpnuarog H-W

@AmoebaSisters




Katavonon Twv vopwy Tou Mendel kai
Twv Hardy-Weinberg

* H ox€on (emkpatnc N UTTOAELOMEVN) avapeca ota aAAnAopopda dev
nailel polo

* [a €vav mAnBuopo oe woopporia Hardy-Weinberg, v umtapxeL taon
gtadavioncg n enkpatTnong evoc aAAnAopopdou

= AUTN N LKavotnTa yla Slatnpnon tng YEVETIKAC TTOLKIAOTNTAC Elval Ao

TOL TILO ONUOWVTLIKA CNUELA TNG MEVOEALAVNC YEVETLKNG O avTtiBeon Ue TG
NAALOTEPEC Bewpiec avaplyvuovoac KANPOVOULKOTNTOG

28



["eveETIKN TTOIKIAOTNTA

" Me Baon to vopo HW, n YEVETLKN TTOLKIAOTNTA EXEL LLLOL EYYEVN
(LaOnuatikn) taon va dtatnpeitol
» Evac mAnBuouoc L.oopporiac 6ev aAAadleL oToV XpOVO
" H efeAn opwe adopa aAAayEC TNC YEVETIKAC cUOTAONC TWV
nAnBuopuwv
* O nmAnBuopog wopporiag sival n “undevikn” umtoBeon tng e€EALENC

" NMapoafralovtog pia pia T ocuvBnkeg touv mMAnBuopol LooppoTiag,
LITOPOUE VO LEAETOOULLE OE YEVETLKO ETIMEDO TIC EEEALKTLKEC
duvapeLc!

29



[Mavw atro 2 aAAnAduoppa

= O vopoc twv Hardy Weinberg LoxUeL kKol oTnV MEPLITTWON TTOU £XOUUE 3
aAAnAopopda (A, B, kot C) pe ouxvotntec p, g, KaL r:

o (p+q+r)2=p%+2pg+q?+2pr+2qr+r?

* a4 aAAnAopopda (A, B, C, ko D) pe ouxvotntec p, g, I, KOL S
avtiotolya eivadt:

o (p+q+r+s)2=p2+2pg+q%+2pr+29r+r2+2ps+29s+ 2rs + s2

* [evikd LoxVeL: P, = p? P;=2pp;

30



To Oswpnua H-W yia uAoouvosTa
yovidia

PuloouvdeToc TOTTOC A (A,a), io0eC AAANAIKEC OUXVOTNTEC METACU APOEVIKWY Kal BnAUKWY,
i00G apIBUOG APOEVIKWY KAl OBNAUKWV:

ApoeviKoi ApoeviKoi
YOMETEC - X YOMETEC -
Y O1 YOVOTUTTIKEC OUXVOTNTEG TWV
XA (p) X (q) Gr])\UKo'ov’ IoOUVTAI UE LS GUXVS')Tr]Tag
- : A v A H-W, evw Twv apoeviKwy I00UVTAl JE
OnAukoi | X7(p) | X ;< X" X XY (p) TIC oUXVOTNTES TWV GAANAOHOPPWV
VOUETEC (p?) (pa)
Xo(q) | XeXA | XaXd XY (q)
(gp) (%)

31






Epwtnon (1)

Ye Karmolov adplkaviko mAnBuaouo, to 4% tou mMAnBucpou (Loopportiag)
VEVVLETOL HLE Ml ooPfapn popdn SpemMavOKUTTAPLKAC avatpiac. Moo
TOO0CTO Tou TANBuUopOoU (Kot TPOoEyylon) €XeL TN HeyaAUTEPN
QPUOOTLKOTNTA WC TTPOC TNV TPooBoAr amo eAovooia;




Epwtnon (1)

Ye Karmolov adplkaviko mAnBuaouo, to 4% tou mMAnBucpou (Loopportiag)
VEVVLETOL HLE Ml ooPfapn popdn SpemMavOKUTTAPLKAC avatpiac. Moo
TOO0CTO Tou TANBuUopOoU (Kot TPOoEyylon) €XeL TN HeyaAUTEPN
QPUOOTLKOTNTA WC TTPOC TNV TPooBoAr amo eAovooia;

= To 4% tou MAnBuopoU £xeL coBapn popdr SPEMAVOKUTTOPLKNAC AVALULOG
" QUTO onpaivel OtL eivat opodluyol uttoAsuopevol (aa) = g2= 0.04

YrtoAoyl{oUUE g KOl p YrtoAoyLl{OULLE T CUYVOTNTO TWV ETEPOLUYWV (DOPEWV)
q=0.2 2pg=2x0.8x0.2=0.32
p=1-q=1-0.2=0.8

34



EpwTtnon (2)

Evoc pikpodopudopoc £xel mevte aAAnAopopda mou to Kabeva
eudavitetal pe ocuyxvotnta 0,2. Tut Tocooto tou MANBuopou (Loopporiag)
Ba elval etepolUYWTEC;




EpwTtnon (2)

Evoc pikpodopudopoc £xel mevte aAAnAopopda mou to Kabeva
eudavitetal pe ocuyxvotnta 0,2. Tut Tocooto tou MANBuopou (Loopporiag)
Ba elval etepolUYWTEC;

p=q=r=s=t=0.2
(p+g+r+s+t)?=1
=(p2+q2+r2+s2+12)+2(pg+pr+ps+pt+qr+gs+qt+rs+rt+st)

Ouoluyol Etepoluyol
5x(0.2)2 = 5x0.04 = 0.20 1- (p2+q2+r2+s2+t2) = 1 - 0.20 = 0.80

36



EpwTtnon (3)

Eva voonua odpeiletal o€ umtoAeumopevo pulooUvOeTOo yovidlo. 2 evav
rneyaio mAnBuouo (Loopporiag) omou ol culeVEeLC elval TUXOLEG, TO
voonua tpooBaiAet evav avdpa otouc 10. Mota eival n cuxvotTnNTa TWV

NPOooPeBANUEVWV YUVOLKWV;




EpwTtnon (3)

Eva voonua odpeiletal o€ umtoAeumopevo pulooUvOeTOo yovidlo. 2 evav
rneyaio mAnBuouo (Loopporiag) omou ol culeVEeLC elval TUXOLEG, TO
voonua tpooBaiAet evav avdpa otouc 10. Mota eival n cuxvotTnNTa TWV
NPOooPeBANUEVWV YUVOLKWV;

MpooBalAel 1 avépa otoug 10 - dnAadn otoug avdpeg: g = 0.1
JTLC yuvaikec: g2 = (0.1)2=0.01




EpwTtnon (4)

Eval AUTOOWLLKO UTTOAELITOEVO vOoonua €xeL cuxvotnta ¢opewv 1/50.
Mot n mBavotnta OTL To MPpwTo aLdi evoc tuxaiov (suyaplol Ba
VOOIOEL




EpwTtnon (4)

Eval AUTOOWLLKO UTTOAELITOEVO vOoonua €xeL cuxvotnta ¢opewv 1/50.
Mot n mBavotnta OTL To MPpwTo aLdi evoc tuxaiov (suyaplol Ba
VOOIOEL

n mbavotnta Kat ot SUo yovelc va eival popeic: 1/50 x 1/50

n mbavotnta to nawdi va voonoet: 1/50 x 1/50 x 1/4 = 0.0001




EpwTtnon (5)

= Je eva delypa 990 atopwy amo Evav EVPWTIAKO TANBUoUO BpeOnKav
ol aKOAOUOEC oCLUXVOTNTEC YLA TOUC YOVOTUTIOUG TOU CUCTAMOTOC
opadwv aipotoc MN:
= 439 MM, 421 MN, 130 NN
o [ola eival n mapatnPOUEVN KoL TTOLOL N AVOLLEVOLEVN
etepoluywTLO;




EpwTtnon (5)

= Je eva delypa 990 atopwy amo Evav EVPWTIAKO TANBUoUO BpeOnKav
ol aKOAOUOEC oCLUXVOTNTEC YLA TOUC YOVOTUTIOUG TOU CUCTAMOTOC
opadwv aipotoc MN:
= 439 MM, 421 MN, 130 NN
o [ola eival n mapatnPOUEVN KoL TTOLOL N AVOLLEVOLEVN
etepoluywTLO;

H,p.= MN/(MM + MN + NN) = 421/990 = 0.425 Heyo = 2P0 =2 X 0.656 x 0.344 = 0.451
p =0.656

q=0.344
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EpwTtnon (6)

= ‘Exete kavel deypatoAnyia amnod evav mAnBuouod oTtov omoio

YVWPL(ETE OTL TO MOOOOTO EUPAVLONG TOU UTTOAELTIOEVOU Opoluyou
yovotuTiou (aa) eival 36%. Xpnotlpomolwvtag auvto 1o 36%,
uTtoAoyloTe Ta €€NC:

" Tn ouxvoTNTa TOU yovotuTiou “aa’

= TN ovyxvotnta tou aAAnAopopdou “a”,

= Tn ovyxvotnta tou aAAnAopopdou "A",

" TLC OUXVOTNTEC Twv yovoTturntwy "AA" kat "Aa" kal TIC cuXVOTNTEC

Twv dVo nMBavwyv datvotumwy av to "A" elval EMKPATEC.
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Epwtnon (7)

Av 0€ €vav TOUUELKTLKO TTANBUOUO (LooppoTtiac) n ouxvotTnTa Tou
dawvotuTou A (A ETKPATEC AMTEVOVTL OTO UTTOAELTOpEVO a) eivat 0,19,
riola lvoil N ouxvotTNTa TWV €TEPOIUYWV YOVOTUTIWVY;




EpwTtnon (8)

* To umoAeumopevo aAAnAopopdo HALn tou yovidiov HAL (HALN, HALnN)
elvall uTteLOULVO yLa TN BeTIKA aviidpaon Tou xolpou otnv alobavn. ¢
gvalv TANBuopo 1000 xoipwv Large White Bp€Bnke OTL 0 €voac 0TOUC
400 yoipouc avtidpa BeTikad otnv adoBavn.

o YmoAoyiote tov aplOuo twv ducloloykwy xoipwv, oL omtolot ival
dopeic Tou unmoAeumopevou aAAnAopopdou.
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