Gene interactions: Epistasis

Physiological interactions; biochemical pathways alter phenotypic
expression.

Morphological interactions; the phenotype of one character prevents us
from viewing the phenotype of another character.

Typical Mendelian ratios are obscured, but Mendel's postulates are still
the underlying rules.

T. H. Morgan and students used Drosophila to demonstrate that

Mendel’s genes were on chromosomes and to show that “sex” was a
genetic trait.

Gene interactions: Linkage — Physical Interactions

Sutton (1902) noted that there were more genes than chromosomes. Thus
some genes on the same chromosome should not be transmitted
independently of each other.

Morgan and co-workers (1910 and earlier) proved genes were on
chromosomes

Progression of thought:
*All genes are independent (particles).
Concept: Mendel’s Law of Independent Assortment

*Chromosomes independently assort but genes do not.
Concept: Chromosome Theory of Inheritance

*Genes which lie at specific positions on chromosomes (locus) are more
independent as the distance between a pair of loci is increased.
Concept: Linkage and Recombination

Male X Female Recall that when Mendel made reciprocals
or changed the combination of genes, it did

Female x Male
not affect results
GGWW x gg ww GGww x ggWw
P, cross P, cross

yellow, round % green, wrinkled yellow, wrinkled x green, round

¢ 9
\——i. All yellow, round ‘:I'—J
Fq

Fy %X Fy yellow, round x yellow, round Mendel observed
these ratios|in the F2
F2 9/16 yellow, round 3/16 green, round Q

3/16 yellow, wrinkled

1/16 green, wrinkled @

If genes are linked to each other or to the sex “gene” the various
combinations that Mendel tested will not be equivalent!
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X X
w+ w

O F

Recall, with most Mendelian
traits we do not see different

Also, recall Mendel made
reciprocal crosses which gave

P X the same results.

i»

For the first time we see that the

Fy

w
Red-eyed female / \Whiteeyed male

X
wt w
Red-eyed female

ratios in male and female
progeny!!

ir

Red-eyed male

USRI
Aviie

w
Red-eyed White-eyed

w w wh
White-eyed female Red-eyed male

reciprocal crosses give different

results!!!

Fy X r

w wr w
Red-eyed female

' R
00 08 (r le

w w w wt

And... Female and Male

: F1 gave different results!!
White-eyed male

White-eyed Red-eyed White-eyed Red-eyed
female female male male ) )
Females Males Fig 6.4 Experimental tests of

Morgan’s hypothesis that the gene
% Red-eyed f_or eye color in Drosophilais X-
¥ white-eyed linked.

% Red-eyed,
1% white-eyed

Red-eyed Red-eyed
femnale femnale male male
Females Males
all Red-eyed 1/2 Re(_j-eyed, Fig 6.3 Morgan’s experiment
/2 white-eyed studying the inheritance of white
eyes in Drosophila.
Cross A Cross B
First examples of Sex-
red 9 w» white (j“ whitegf') w red d . N
! linked (X-linked)
o e —
@D G0 e QA{D genes.
l ,| Characteristics of X-

=
1/2 red ? QE-D

F -
12red 3 @D
12red § Q0

T dod
(2459) @
1/ared & A
2 oy @l

1/4 white & == ~
(782) Ol

linked genes are...

'Ir’Zred? M

~..~ 1) Reciprocal crosses

1/2white 3 (A0 give different results

v
=
ared § a5 2) Males and females
(129) Q"{'D have different

14 Whim? ~ phenotypes in some
Wip

(88) e crosses
Vared 3 S5
(132) ()]
1/4 white S~
(86) o110

Are there X-linked genes in humans?
Yes!

Who expresses these genes most often?
Males!

Feel bad for males day!!
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While this figure is
not wholly
accurate on the
screen, can
anyone NOT see a
number?

and her descendants, showing the inheritance of hemaphilia. [R
tor an explanation of symbols used in pedigrees. In the pe
cases the marr |

heterozygons for the sex-
ancestors, the trait ma

i allele wilh o cases i her

iy have arisen as a mutation in one of her parents’ germ cells (the
cells that give rise to the gametes).

Why was she not happy? She has been
transmitting hemophilia to her kids (sons
o get it, daughters pass it on)!!

Goneration:

’ "
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William_Harry that British Royalty is OK
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Queen
Victoria,
she’s
unhappy!

-

More, “feel bad for
males!!” Recessive
gene for baldness.

XB _ = hair
Xb X0, XPY = bald

Surfese A

THE DAVGHTERS (RgapX)
ARe AL CARRIERS.... NOT.
BALD THEMSELVES, Ti STLL
CARRY Tie RECEA\VE GEVE-
THE SONS WRE NORMAL .

NS Ht T

NHERIT BALDPESS
FROM YOUR FXTHER |
NGKT GEERATIOR: SUEPose
ONE ofF Tie CMRRIERS
MABRIES
NORMAL MAN.

ON Tie NERAEE,
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WILL 26 CARRIERS, MW
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While Hemophilia, Color Blindness and some kinds of baldness, are on
the X chromosome in humans, there are many other genes there as
well (e.g. Muscular Dystrophy that we mentioned the first day of class).

Xg
B
STS As you saw in the hemophilia
119 loci ‘ég;_"x_.l pedigree a characteristic of
including P sex linked traits deduced
Dae from pedigrees is that they
IC show most often in male
gmg Muscular Dystrophy progeny.
| oTC
FM MS

MPS2 Hemophilia
HEMB
] HPRT
: GEPD

ALD
X TKCR
CBD )
cep Color Blind
HEMA

Which answer is possible for this pedigree?

A B C D E
Auto Rec Y N Y Y Y
Auto Dom Y N Y N N
X-linked Rec Y N Y N Y
X-linked Dom Y N N N N

Actor Michael
Berryman

WES CRAVEN'S.

ST THE HILLS
dysplasia (lack of HAVE EYES

sweat glands)
- ¥

- ‘? Captain Rixx — Star Trek
) TNG

Pluto g

OK, back to history.

It was pretty evident that genes were on chromosomes and
Sutton made that astute observation:

# chromosomes <<< # genes;

So why did everyone always see Mendel's Independent
Assortment???

They didn’t!!
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510
P Sweet pea flower o Strains differing in
X two traits, flower
o color and pollen
““0 Pollen grains-fa—ooo grain length, are
d.
Red flowers White flowers i

S1Es

The hybrids are
& o like one of the
X parental strains,
Red flowers indicating that red
QQO Long pollen grain QQO flower is dominant

Long pollen grains @ Short pollen grains

s
over white and that
long pollen grain
is dominant over

short.

Fa

5

W o% m 000 f" )
Red flowers Red flowers White flowers White flowers
Long pollen Short pollen Long pollen Short pollen
grains grains grains grains
583 26 24 170

(Parental) (Recombinant) (Recombinant) (Parental)

STEe

e The frequencies of the four classes of F, progeny deviate signifi-
cantly from the Mendelian expectation of 9/16, 3/16, 3/16, and
1/16, indicating that the genes controlling the trait are linked.

Discovery of Linkage
in 1906!

Fig 8.2 Bateson and
Punnett's experiment
with sweet peas.

Punnet and Batson 1906 Discover Linkage in Peas

Purple vs. Red Flowers
Long vs. Round Pollen

Parent 1 Parent 2 —_— F1
Red, Long X White, Round Red, Long
RR LL X rrll Rr LI

F2

3/4L_ —— 9/16 Red Long
3/4 R_/ /41 ——. 3/16 Red Round

3/4L_ —— 3/16 White Long
1ar — 1/41 —— 1/16 White Round

Bateson and Punnett 1906 discover linkage in sweet peas

* Red vs white flower, Long vs. round pollen

« Parentals RRLL X rrll

« F1 RrLI

e EF2 Observed Expected

« R_L_ 583 9/16 * 803 = 451.7
« R_I 26 3/16 * 803 = 150.6
e mrl_ 24 3/16 * 803 = 150.6
o rrll 170 1/16 * 803 = 50.2
. 803 803

e X2 =(583-451.7)> + (26 —150.6)?> + (24 -150.6)>+ (170 —50.2)? =533.6

. 451.7 150.6 150.6 50.2

o df.=3 P<<0.001
* Reject the Null Hypothesis

What is the null
hypothesis??

Tabls 5-4  Critical Values of the y® Distribution
¥

df @995 Do%s OB B3 01 005 @S 001 QOB
1 | 000 .000 0016 0455 2706 3841 504 6635 7379 1
2 0010 0051 0211 1386 4805 5991 7378 9210 10507 | 2
(3) (0072 0215 0534 2366 6251 7815 9343 11345 (283D 3
4 |0207 0484 1084 3357 7779 9488 11143 13277 14860 | 4
5 |0412 0831 1610 4351 9236 1L070 1233 1508 16730 | 3
€ |0676 1237 2204 5348 10645 1230 149 16812 18548 | 6
T |0989 1890 2833 €346 12017 14087 16013 18475 20278 | 7
& |1344 2180 2490 7344 13362 15507 17535 20090 21955 | 3
9 |1735 2700 4168 8343 1463 16919 19.003 21.666 23589 | 9
10 |2156 2247 4865 9342 15987 16307 20483 23209 25188 |10
11 |2603 3318 3578 10341 17275 19675 21520 24725 26757 |11
12 |3.074 4404 6304 11340 18549 21006 23337 26217 28300 | 12
133565 5.009 7.042 12340 19812 22380 2493 2768 20.819 | 13
14 |4075 5629 7790 13339 21064 23685 26119 29141 31319 |14
15 |4601 6262 €547 14339 22307 24.99% 27498 3057 32801 | 15
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|

— — The frequency of each cell of
L X o the Punnett Square would be
Red, long ‘ White, shart 1/16 if genes were

independent and each

-
£

i}

-

Bateson and Punnett 1906 discover linkage in sweet peas

Red vs white flower, Long vs. round pollen

Parentals RRLL X rrll
F1 RrLI
Observed Expected
F2 Independence 9:3:3:1 Complete Linkage
R_L_ 583 9/16 * 803 = 452 3/4 * 803 = 602
R_Il 26 3/16 * 803 = 151 = 0
rrl_ 24 3/16 * 803 = 151 = 0
rell 170 1/16 * 803 = 50 1/4* 803 = 201
803

You can see that what Bateson and Punnett found was somewhere in
between independent assortment and complete linkage!!

How do you quantify this?

a—mD
P I gamete had a % frequency
Fodh lohg giving a 9:3:3:1 ratio of
(Seltfertized) phenotypes.
R L R I r L r ]
Fy a— [ i (i What would be the
Parental Recombinant Recombinant Parental . ..
— T phenotypic ratio if the genes
R L aamp \| aErD were completely linked?
i R L R L
Parental a—o a—D 3:11
Red, e, long e
R L R I
R 1 amE | aEmr
— — N_ote. there are many
fecombinont | @EEDD | e | @mmr | @mm | hidden recombination
:"’-“’"i :" ‘“;“ "““"‘: e ‘“:" events in this F2
r L | oem» | eeeD | come | @ | analysis!
- T F rooL
fecombinant | D | D | CEE»
. Feed, long White, long
R I roL Genetic basis of the
r 1 ‘-:er C!E-r results of Bateson and
Parental ey a— Punnett’s experiment.
fed, short Whits, kong
S1E0

o A heterozygote for two linked genes is testcrossed to a
recessive homozygote.

With a Test cross, all

1 recombination events
are observed!
STEe
o In the progeny, recombinants are less than 50% of the total.
2 R L R I T ro |
aamp D | dE» | dddD
r ] r ! r 1 g !
(@] ||D) (@] ™ I IO | D)
Red, long Red, short White, long | White, short

450 42 38 470

80 recombinant

920 parental

80
80 + 920

STée A testcross for linkage between
o The low frequency of recombination indicates that the genes genes in sweet peas.

are rather tightly linked.

Frequency of recombinants = 0.08

vy Two classes of progeny are seen
in a 2-point test cross.

Long wings. Vestigial wings
Gray body Black bady

Parental or Non Recombinant

And

Recombinant (non-parental)

Recombination frequency is

(92+88)/1000 = 0.18

=
5
) ! )
,-{] | bA U _Fig.8._12 An e>_<periment
* involving two linked
Long wings Westignal wings Long wngs Veshipal wogs| P N
ady Black bady tac bod genes, vg (vestigial wings)

and b (black body), in
Drosophila.
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(a) Independent assortment: Two genes on
two different homologous pairs of chromosomes

A==
g ——2
/' '_'“‘\\\
{ |

(b) Linkage: Two genes on a single
pair of homologs: no exchange occurs
i= g =8
= s b
2 » b
|
. / /H\
y N\
[ A 5 | [ A B
|- i - | - o - |
\ J \ /
\“‘-m___/ \___/
S Gametes S,
\ N
X
5 \

2 types of gametes

.//-
{( a o "l
\ ot/
T
4 types of gametes
© Linkage: Two genes on a single pair of
homologs: exchange occurs between two
nonsister chromatids
A i
A m Comm B-—_ Nonsister
o — E chromatids
P e ol
f/ \ f’/ \\
[ A B { A b\
| - | | | - S - |
\Noncrossover/ \  Crossover J,J'
D gemete y gemete
/___;_H Gametes =
= > :
./ \\\ ,/ \‘\.
it B | i s A
| ——- | | - |
'-.\ Crossover | '-.Nonr_rosscy
amete / amete
\\gx__{// \?‘ =

4 types of gametes, but you can not predict the
frequency

Aa Bb X aa bb
A B a b
—— g —0
— ——
a b 5 -
Gametes If the numbers are: X
oA B 34 !
.-A—L 14
o2 —B_ 16 A) 70
b B) 50
o2 36 C) 35
What's the recombination D) 30
E) 15

“distance” between the genes?
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Aa Bb X aa bb
If the distance is 20% recombination:
A B a b
| — | —
T | —
a b a b
Gametes
B o2 b
y A) B) C)
o2 B 25 30 40
a b 25 20 10
i 25 20 10

What are the expected 25 30 40
percentages of the
gametes?

D)
50

50

E)
20
30
20
30

Aa Bb X aa bb
A B a b
—— | —
| — | —
a b a b

| gave you these percentages for the gametes.

Hopefully you chose a recombination frequency of...

Gametes

oA B 34 o2 b
e2—B 16 B) 50
a b C) 35
o~ — 36 D) 30
E) 15
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