Mendel’s Techniques and Methodology:

1) He chose inbred lines with contrasting traits.

true breeding =
omozygous

Round or wrinkled npe laads
Ty

: J\ )0
Yellow or grsan saed INIEI'IUIS
fn; B Green or yellow unripe pods
\ f
(‘— K
Purph or white petats /
Inflated or pinched ripe pods Axial or terminal flowers Long or short stems

2) Performed controlled
crosses, avoided
contamination.

Removal
of anthers

Parental
Generation

F, All purple

F, (Filial)
Generation

3) Made

reciprocal

Crosses.
4) Followed pedigrees for
multiple generations and !
kept records.

Question: Would you expe€t the™™*

F1 progeny to be identical (A) to
each other or vary and be different
(B) from each other?

F, All purple

A

Mendel then followed these to the next generation: F1 x F1 —F2

P1 X P2
Round X Wrinkled
)

F1  Round @
F1 x F1 (Selfed) = F2
seed
Conclusions?
Traits like Round
and Wrinkled Seed

were retained in
crosses.

Clearly not
“blending
inheritance.”

Patterns emeraed
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Mendel’s Results from 7

Next step? Thinking!!

5474 round

round/wrinkled a all round 1850 wrinkled 2961
Seeds
yellow/green < all yollow g’géf 'a‘u!g:“' 1.01:1
full/constricted ,“Jr ’/ al full %gé Elé,llm,,m,d 2951
Pods F2 ratio 3:1
areen/yellow _-—f' . 4 al green :iz‘ m:‘]’\‘v 2821
Flower Aolet/white £t . . 705 violet :
et violet/white ad Y 1 all violet 224 white 3.15:1
¥
ap. R
;‘!mrn axial/terminal R LA ’.aﬁ: all axial 33} ;‘:ﬂlml‘" 3140
i. One trait of pair
| “dominated”
13
Stem P i 787 all s
length tall/dhwarf o " all tall 277 dwiar 284
- "‘i.
1 T 2

Crosses, terminology, postulates and
P, cross predictions:

Phenotypes: tall  dwarf
Fy cross
Genotypes: *
* 1) Unit factors in pairs ‘—H
Gamete formation
F,
@ cme= @ 3) Segregation
F; generation
* Fy gametes
Fy generation Random fertilization l% j
0 Fertilization Q Fz genatypes | oo | ER | D |
\—‘—‘ F; phenatypes tall tall 1all dwar[
Designati H q b vgous  Hi o
all tall
* 2) Dominance

Axial Female Terminal Male

P *x

Gametes Q\nly

1) Unit factors in

only pairs

F, Axial (zygote) 2) Dominance
Eggs produced
1A 3 a
Sperm 1A TAA 1 Aa 3) Segregation
produced 1a 1Aa laa
Overall F5 ratio 1AA2Aa1aa

3/4 Axial (A_): 1/4 Terminal (aa)

What would happen if female
was aa and male was AA?

Mendel also performed a second type of cross; now call Test
Cross to distinguish homozygotes from heterozygotes in the
domipgnt class.

b
(oo B © .
Homozygous  Homozygous Heterozygous  Homozygous
tall dwarf tall dwarf
(0] ] 00 0
[ Dd | [ dd |
all tall 1/2 tall 1/2 dwarf

Only two types of crosses will segregate: Dd x Dd or Dd x
dd

Phenotypic Ratios: 3:1 1:1

With Test Cross. Genotvpe = Phenotvpe
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Mendel also looked
at several traits at
the same time.

Purple and Yellow
segregates 3:1

/

Full and Shrunken
Segregates 3:1
Mendel’s 4th Rule

Independent
Assortment

Multiple Factors:
Purple and Yellow
3:1
Full and Shrunken
3:1
What would be the
phenotypic ratio of

the 2 traits

together?
% Pur Vi Yel

% Full 9/16  3/16
Ya Shr 3/16  1/16

% Pur V4 Yel
% Full9/16 3/16

Y2 Shr 3/16  1/16

Do the kernels on this
cob fit this expectation?

| count 95 kernels
Expect¥ Pur Vi Yel

Y Full 53 18
YaShr 18 6

Obs. % Pur % Yel
% Full 53 15
Y4 Shr 21 6

Inbred lines for both traits.

Note that each individual trait still segregates 3:1

P, cross
yellow, round x green, wrinkled
of
\—Ii~ All yellow, round
Fy
F % K yellow, round * yellow, round Mendel observed
these ratios in the F

Fa 9/16 yellow, round 3/16 green, round @

3/16 yellow, wrinkled 1/16 green, wrinkled g

N
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Results were the same for the

Female x Male reciprocal crosses.
and for the cross with traits in
Male  x Female reverse combinations.
P, cross

yellow, round > green, wrinkled

L

F, 9/16 yellow, round

3/16 yellow, wrinkled

i A
Fy

Fi % K yellow, round x yellow, round

round

3/16 green, round “;3

1/16 green, wrinkled @

Where did the
9:3:3:1 ratio come
from?

You can find this
ratio by looking at
one trait at a time.

You can also
analyze the traits
together.

Mendel: unit factors
are in pairs and they
segregate with one
and only one to
each gamete.

Each needs W orw

~@| ) | 2
GOWW GGWw GgWw G
yellow, round yellow, round yallow, round yellow, round
= @ o 'c'n 4 ':'»
GGWw GO Gt Coww

@ ‘ J * ) 2
:"e G f\, "'.‘ ?\, a

Py Cross P, Cross
EmQ - EX1Q 3y - EmQ
yelleww, round green, wrinkled yellow, wrinkled green, round

Gamete Gamete

foemation ¥ Y formation ¥

A
l chl;:‘allnn J l h:mllf.n:on J

J
Fy yellow, round (in both cases)

Fy eross m % @

Ll A

© e © ©

yellow, round | yellow, wrinkled | yellow, round | yellow, wrinkled

oW GCgWw agh W
yellow, round yellow, round green, round green, round

Py Cross Py Cross
\'\/AVhat can you (and _ ) 9 EZad < U@
endel) draw from this 3 yellow, reund green, wrinkled yellow, wrinkded green, round
eneration experiment? Gamete Gamete
g p A L L 1
formation formation
1) Not blending @
l Fertilization J l Fertilization

2) One variant of a trait is

IG_=Yellow

“masked” (recessive)
when in the presence of

F]
Fy yellow, round (in both cases)

gg =green
Fy eross m % @ W— = Round

the other (dominant). i ww = wrinkled
. U L] ] 1

Note: let’s define the o) e Q (o]
dominant trait with
“CAPITAL” and the @ Y 4 <

. o w GOWW GGWw Ggww GgWw
recessive with “lower yellow, round yellow, round yellow, round yellow, round
case’. . 4 9 ) 9

| GLWw Ghww GgWw Caww

3) Mendel assumed the yellow, round | yellow, wrinkled | yellow, round | yellow, wrinkled

simplest model, there are

&
i i N Gglw GgWw ogWw W
two copies of each genel @ _m.mi, round w:llmg,ruund .1-‘1-,;., round grn‘ir?, round

everyone and only one is
passed to offspring o o)

gaww
yullow, round | yellow, wrinkled | green, round | green, wrinkled

J - )
8 Q U]

Ggww agWw

F; Generation

and G or g yeliow, round yulk»;.ﬂ:::aklaj gmﬂ, round q-m';{p.‘:r‘:.\:vu
F; Generation
Test cross results of three yellow, round individuals
(a) (b) ()

oo I oo |
T

GW | GgWw
Gw | Ggww
Phenotypic ratio

1/2 yellow, round
1/2 yellow, wrinkled

Em - Em | B Em
B 7=

G | GgWw GW | GgWw
Gw | Ggww gw | ggWw \3
gw |goww | O

o

gw | ggww | G

Phenotypic ratio Phenotypic ratio
1/4 yellow, round

1/4 yellow, wrinkled

1/2 yellow, round
1/2 green, round
1/4 green, round

1/4 green, wrinkled

What are the genotypic ratios?
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P, Cross Py Cross
1Q x 20 B2y - O
yellow, round green, wrinkled yellow, wrinkled green, round
Gamete Camete
L] formation ¥ L formation ¥
| Fertilization | Fertilization |
To analyze two —
) i F, yellow, round (in both cases)
traits at a time you —
y Fy eross ) | &
need a 4x4 . : ) L
Ll A A A
Punnet square © ® o e
™ @ GGWW GGWw Ggww G
yelkow, round yellow, round yallow, round yellow, round
=4 @ CCWw GOww GgWw
yellow, round | yellow, wrinkled | yellow, round
' @ CoWw G aglW
yellow, round yellow, round green, round
- 4 9
o Q GgWw Ggvaw agiw
yellow, round yellow, wrinkled green, round

F; Generation

More traits and more complicated analyses.

.
|

Gametes @

I_‘_l

.
|

Gametes

.

|
b

If you wanted to follow 3 traits segregating, how would

your Punnett Square look?

Segregation of a triple heterozygote AaBbCc x
AaBbCc

Generation of F, trihybrid phenotypes

Aora Borb Corc Combined proportion

3/4 C 3/4)(3/4)(3/4) ABC = 27/64 A B _C
3/4B_-|:! = (3/4)(3/4)(3/4) / _B_

e 1/4 cC = (3/4)(3/4)(1/4) ABc = 9/64 ABc
- 3/4 C——= (3/4)(1/4)(3/4) ABC = 9/64 AbC
Tl bb <|:1/4c—-(3.-’4)(l,'4)(l/4) Abc = 3/64 Abc
g Esm C——= (1/4)(3/4)(3/4) aBC = 9/64 aBC

. = 1/4 c—= (1/4)(3/4)(1/4) aBc = 3/64 aBc
L _|:3f4 C——=(1/4)(1/49)(3/4) abC = 3/64 abC
1/4 ¢ —= (1/4)(1/4)(1/4) abc = 1/64 abc

{#) Unit Tactors in pairs (fint meistic prophase]

| Let’s put Mendel’s genes

Memologous chromeosomes in pairs

vy & &
J} © 11 A

red (gw) X blue (GW)

back on chromosomes

Female Male
gg ww GGWW
Green Yellow

[® prers (firss melotic anaphase)

Homalogs vegregate during msass

Wrinkle Round

® @)

_____________ S & =
4 N gametes
g b (W) X (GW)
Bhpetipmis R Flis GgWw O
i _. SR — “IWhat's the chance that an

offspring of this F1 (2N = 4) will
be formed from a gamete just
like the one its mom supplied?

What's the chance that you
would?
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Boston Globe
Science
Section

What is wrong
with this
picture??

a)

b} Pedigron

Ganeration: Sent a dominant

One
parent
would
have to
show the
trait.

Mendel completed 7 years of work (33,550 plants) in 1865
In 1900 Correns, DeVries and Tschermack “rediscovered” it.

Expansion of Mendel’s Ideas. Application of genetics to
other species.

Alfred Garrod (1902, 1909) Inborn Errors of Metabolism

He applied Mendel’s ideas to heritable diseases in
humans.

Example of Alkaptonuria.

Analysis requires the use of pedigrees since it is not
possible to make experimental crosses with large families
in humans.

These traits present in
human populations are also
present in most other animal
populations
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|
Could this pedigree indicate
dominant inheritance of the
trait?

No, one of
these parents
AA | Aa would have to
show the
trait!!!
"ReJuluke) 0
1. 2 3 4 7

A— A- A- A- Aa Aa A-

1 2 3 4 5
A— aa A- aa A-

Achondroplasia

The trait in this pedigree behaves like a typical
dominant, but could it be recessive based on the
information given?

If we alter the pedigree by
making Il 7 have the trait,
we can now exclude
recessive as a mode of
inheritan

ok
éﬁ%@%
SETTITTLT

9 10 11 12 13

hecessive can not be excluded!

O

2

3

3-0
3
B

w

lll¢]§
| |

You could also change Aa to aa, and aa to Aa and show that
the pedigree works as a recessive trait
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