Genetics: Mendel and Beyond

RESEARCH METHOD

Analomy of a pea flower
{shown in [ong section)

The stigma, where the
pollen lands, is at the
tip of the carpel.

Anthers at the lip of R
the stamen are the sites
of pallen producticn,

Stamens are the male
sex organs.

The ovary is the female
sex organ.

Pea flower cross-pollination

Parent plant Parent plant

anthers of a purple flower to the stigma of a
white (lower whose anthers have been
snipped aff.

E‘This cross-pollination produces ]\\
seeds that are allowed to grow

| into new plants. J\

Il

q‘ Analysis of physical characteristics
{see Table 10.1) of the offspring

over 2 generations shows evidence
of hereditary transmission from
\_hoth parents.

qi Using a brush, pollen is transferred from ]

10.1 A Controlled Cross between Two Plants (Page 188}
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I 0_] Mendel’s Resulits from Monohybrid Crosses

PARENTAL GEMERATION PHENOTYPES

F, GENERATION PHENOTYPES

DOMINANT RECESSIVE DOMINANT RECESSIVE TOTAL RATIO
';-.,;,-"' Spherical seeds x Wrinkled seeds r@ 5474 1,850 7,324 296:1

Q
- Yellow seeds X Green seeds 6,022 2,001 8,023 3.01:1
Q Purple flowers x White flowers w 705 224 929 3151
\ Inflated pods = Constricted pods / 882 2499 1,181 2.95:1
\ Green pods x Yellow pods / 428 152 580 2.82:1
%" Axial flowers % Terminal flowers % 651 207 838 3.14:1
Tall stems x Drwart stems : 787 277 1,064 2.84:1

{1 m) (.3 m) ] !
(Page 190}




Question: When two strains with contrasting traits breed, are

their characteristics irreversibly blended in succeeding generations?

Parental (P) seeds

9

@
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Male
g pametes

Female
Armeles
B B

METHOD Plant a Plant a
truc-breeding true-breeding
spherical seed weinkled seed In-Text Art (Page 192)

i P plants are Growth Growth U S S v o M Sl n S
cross-poilinated.
Parental (P} plants \ﬂ. - — T e = e —_ ——

F; seeds : i : ;e - g o o
F, seedsﬁﬁ—;ﬁ" Flant a spherica) — ey ————— —————
all spherical. Fy seed,
Growth
F, plant T e =2 T i T
—_ - - e s 3 — s -k
Pollen
- e
Self-pollinate = LLIF e 1Y R £ FRNCTT B Y =
Fy plants.
RESLLTS k) = ¥ = i = ==
F; seeds from F, plant —_ e 2. Lk e L g =
F, seeds: 3 ara spherical, L — — — — = — — —=
¥ are wrinkled |3:1 ratio),
| 2= - — S s e —
Conclusion; There is no irreversible blending of characteristics. A
recessiva trait can reappear in succeeding generations. - S — — — ==l
10.3 Mendel's Experiment 1 (Page 191} - o - T T T
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A parent homazygous for the allela

for spherical seeds is crossed with a - =
parent homozygous for the allele

for wrinkled seeds. T R

Parental ()
generation _— R, s

Q- @ S

l e

BE Cametes EE The parental gametes
combine to produce F,

plants with the 55 geno- T . I o )
type and a spherical e e
seed phenotype.

S5 55 P T ——

F, generation Q . o
The heterozygous F, plant S
iz self-pollinated,
Cametes ek S Eo o el

®6e 0®

F; generaiion

5 and 5 gametes combine
randomly to produce two
different seed phenotypes e ——r————tor _
in the F, plants, as this

Punnett square shows. - . REEC R Ly P

10.4 Mendel’s Explanation of Experiment 1 (Page 192) i i




Alletes of gene for seed shape
A

O,
I Diploid Parent

RS

LN

This site on the chromosome
is the locus of the gene with
the alleles 5 and s.

)
iHomolegous = 5

chromosomes ¢ Meiotic interphase

Befare meiosis I, ach
of the homologous
chromosomes replicates,

¢ Meiosis | ¢
iy o

B
N

At the end of
meiosis [,

the two alleles
are segregated
inta separata

daughter cells.

i Meiosis IT

[44]

5 5
Four hapleid gametes

A1 the end of meiosis 1], each haploid gamete contains one member of

each pair of homologous chromosemes, and thus one allele for each
pair of genes,

10.5 Meiosis Accounts for the Segregation of Alleles (Page 193)
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EXPERIMENT

Questian: If an arganism shows a dominant phenotype, is it
homorygous or heterozygous?

Spherical peas ara
of undatermined
ganolype.

METHOD Wrinkled peas have

& known genotype

[ a5 = [homozygaus
Q @ racessivel,
x

If the plant being tested ,/Fr'ne plant being tested )
Is homazygous... | is heterarygous, .. ]
55 55

Q@ Q@
R PR

® @ B (B Gametes & ® & ®

RESULTS

&, @

Sperm Eggs

Sperm

. .then hali the seads from T
show the dominant lhE crass wiould be wrinkled
phenotype {spharical],

i ...then all progeny would
and half spherical. J
5

Conglusion: The plant being

Conclusion: The plant bein
tested is homozygous,

tested is heterozygous.

10.6 Homozygous or Heterozygous? (Page 193)
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55YY a5y

Parental (P) £
generation l-.w’ X @ - -

SsYy — e —
F; generation P Y

[ 1

i SR S, : — -

Cameles

When F; plants self-pollinate, the
gametes combine randomly to
produce an F2 generation with four
phenotypes in a 9:3:3:1 ratio.

N
F, generation \ @ @ = T el R SR T

Diploid parent
SsYy

When homelogs line
up on either side of the
metaphase plate

during rneiosis. .. j\

10.7 Independent Assortment (Page 194) Eg---“’he’e Sandsgo...

..does not determine
where ¥ and y go.

S associates with
¥ and s with y.

Meiosis
continues in
one of two
orientations
!
5 3
[ o ) = e o
e, sY o Sy
. = = e i i X u
S T L : 8 5
L e — g e
=y /Y == = BY.
e oo 2 ¥ ¥

Four haploid gametes
5Y. sy, Sy, sY

§ associates with
yand s with .

10.8 Meiosis Accounts for Independent Assortment of Alleles
e S — R S = (Page 195)
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Two coin tosses are independent events
with an outcome probability (F] of V; each. S - _— Sy S R,
! /
"' - — —_— —— PR— —_— — — —_—
This outcome is the
result of these two — - et = e = by e L
independent events.
The joint probability -l — e e N I —
islpxla=1
{multplication r o R . = .
Al —a —, AT —— M T .
There are two ways to arrive at a heterozygote, sowe
add the probabilities of the fwo individual outcomes: — e - _ — S e
s + ¥y =V (addition rule).
10.9 Using Probability Calculations in Genetics (Page 196}
Generation | (parents) O'. Every affected W_ilc‘l m.-'f‘]m\r):pf
individual has an type of interes
| affected parent. Eemale &
Generation [T 6’[‘[' d) i{ O .
PR Aale
About ¥ of the Male D .
offspring lof both
i\ sexes) are affeciad. Mating O—D

Oldest  Youngest
\_—r_.—t

Siblings

10.10 Pedigree Analysis and Dominant Inheritance (Page 197)
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Female (31 Heterozygous for

B phenotype of
Male uJ interest finferred;

O_—D Mating between

relatives

One parent is
heterozygous...

|

(Parent) Q-

Generation | _]lr T .and the recessive allele is

passed on to one-half of the
phenotyplcally normal offspring.

O

Generation 11
?These cousins are '
heterozygous

BaE S éézgﬁ A0

Ceneration [V [‘I__TC)?
A

Mating of heterozygous recessive
parents may produce homozygous

recessive (affected) offspring.

10.11 Recessive Inheritance (Page 197)

Pussible genotypes CC, Ceeh, Ceh, Ce cefiph

citch o

ehel phe

[

Phenotype Dark gray Chinchilla

Light gray

Himalayan

Albino

10.12 Inheritance of Coat Color in Rabbits (Page 198)
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rr RR TemiEE i i i
White  Red

Parental (P} generation
When true-breeding red and ]\ A
white parents are crossed,

the F; generation are alf pinlj\‘_“'w‘\k(J " S E— S

F, generation X z S— - —
Heterozygous snapdragaons 1
preduce pink flowers—an e = e i
intermediate phenctype—

because tha allele for red p,.n_.; Pu:-a Pink White —— e
flowers is incompletaly -

dominant over the allele for : r—— — = —

white anes. RR Ry r

F, generation
§When F, plants self- L, - o - Bk
pollinate, they produce il . S —_ P =
white, pink, and red F,

offspring in a ratic of 1:2: ‘ iy Wiile e Pink 1y Red z Pink Vs White S

Atest cross conﬁrrns that pink e S P
snapdragons are heterozygous.

10.13 Incamiplete Dominance Follows Mendel's Laws (Page 199)

Bloed Antibodies Reaction te
type made by added antibodies R TR L S T s
of cells| Genotype | body AnH-A Anti-B
i T O Fed blood cells that
et : : o0 et o | do not react with = B o
A Ll 2 . i
o s s g ',: “ b e S T antibody remain
i h——;—-—“— evenly dispersed, T T T =
B FForfic | Anti-A o [l .: ¥ e e s ;
var Ll g
Neither M 1 v 4 Red blaxd cells o . o -
AB 4 anti-A noe ‘: a®dg 9 ! thateact with
anH-B w e LY F a antibedy clump SRl SR TR
S i e together (speckled
3 Both oot e s« e | appearance).
O (o s R I ==
anti-B = o FE - :'.._ Hid =

10.14 ABO Blood Reactions Are important in Transfusions (Page 199)
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Cuanticative inheritance; J— =
3 phenotypic classes

Quantitative phenotypa
A due to environment -

MNumber af individuals
1

[t
—

environment produces

Interaction of genes and }
continuous variation,

0 1 3 5 7 g
Variation in phenotype

10,17 Quantitative Variation {Fage 201) =

o o e e e

EXPERIMENT
Cuestion: Do alletes for different characteristics always assort independently?

Parent (P)

BbVgug bimgog
Wild tvpe (gray : {Black body,
bedy, nermal wings) X vesligial wings)

« d

These are the results expected
from Mendel's secand law

E {independent assortment]...
1
Genolypes BbViog bhygog Bbuvgug bbVgug

Wild Black Cray Black

type vesligial vestizial normal
Expected results [ 75 s G |siiem !
Observed phenotype | 965 T | 2 ERECE |
(number of . = ” £ ;
individuals} Parental Recombinant

phenotypes phenotvpes

...but the actual results were
incansistent with the law.

J

Conclusian: These two genes do not assort independently. They are linked on the same chromosarme.

10.18 Some Alleles Do Not Assort Independently (Page 202)
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I‘IDH]()[()SOLIS —= FiRE T ‘_-— -
chromosomes\\ e o e .
Genes at different
loci on the same _ - — — - -
chromosome Meiosis 1
can separate and e —r S S ewne pone g o
recombine by
Crossing over. e [ I R B o o ©
Crossover - . — - -
Meiosis I continues l T e e e ez == et
Recombinant b b B B T R e e N T
chromosomes
ve v vy Vi = T i I FIE KR e RN T
Meiosis I1 l
) b i B . — = e —
Gametes
vg Ve og Vg
The result is two recombinant gametes e e = T s E e
from each event of crossing over.
10.19 Crossing Over Results in Genetic Recombination (Page 203) B — - S —
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Gray normal
(wild bype)

CHAPTER TEN

Parental genolypes

\

Black vestigial

Recombination

N

Recombinant genotypes

e L

b g B Vg B oy b Vg
T T B e g ] S
R S ———— L e = N w = [=—— =
howg b g b v b vg
Black Wild Gray Black
vestigial type vestigial normal
[ o [ Y3 2006 | 165
el A,

iy

Parental
phenotypes

Recombinant frequency =

b

Recombinant (nonparental)
phenctypes

297 recombinants

=0:17

10.20 Recombinant Frequencies (Page 204)

2,300 toval offspring

d‘ ANERUENERIEE

Number of
individuals

[-y is chosen as an arbitrary refesence paint, 0.]

£ Rudimentary
ﬁ‘% body || eye = eye wing 2 wing ;
W o betd
Chromasorme

Genetic map in — 0 3 M 58

map units {c) —= ba—yand @ =0010 b E
b 1=tz and o = 0.030 :
P i vand r=10.269 i

Recormnbinant
frequencics ?

10.21 Steps toward a Genetic Map (Page 204)

Yellow { White

w and o =0.300

Vermilion Miniature

yand » = 0332

wrand = 0327

and m = 0.355




BB At the outset, we have no idea of the individual distances, and
there are several possible sequences (p-b-c, a-c-l, Ba-c),

{ Il b T ™
C a T »
= T et BT ]
We make a cross AABB X mabb, and oblain an F; generation
with a gerotype AeBl. We test cross these AaBb individuals
with aalib. Here are the genotypes of the first 1,000 progeny:
450 AaBh, 450 aabb, 50 Aabb, and 50 aaBb.

) How far apart are the @ and b genes? Well, what is the
recombinant frequency? Which are the recombinant types,
and which are the parental bypes?
Recombinant frequency (@ to b} = (50 + 50) /1,004 = 0.1
S0 the map distance is
Map distance = 100 X recombinant frequency =
100X 0.1 =10cM
C 5 T )

! 10 M |

B} Now we make a cross AACC X aace, obtain an F, generation,

and test cross it, obtaining:
468 AaCe, 460 agee, 40 Ance, and 40 gaCe.

How far apart are the a and ¢ genes?
Recombinant frequency (i to ¢) = (40 + 40)/ 100G = 0.08
Map distance = 100 X recombinant frequency =
100 < 0,08 = 8 cM
EE [ B s )

B cM

10.22 Map These Genes (Page 205)
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B3 How far apart are the b and c genes?

We make a cross BBCC X bbcr, obtain an F| generation,
and test cross it, obtaining:

490 BECe, 4%0 bbee, 10 Bbee, and 10 B,

Determine the map distance between b and c.

Recombinant frequency (b toc) = (10 + 10)/1,000 = 0.02
Map distance = 100 X recombinant frequency =
100X 0.02=2cM

¢ h =i )
- 2eM ]
B Which of the three genes is between the other two?
Because @ and b are the farthest apart, ¢ must be between them.
i 10 cM '
( i r DERE )
BeM |

2cM -~

These numbers add up perfectly, but in mest real cases they
don't add up perfectly because of multiple crossovers.
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% |

Diploid worker Ciploid umn Haploid drone

In-Text Art (Page 205)

In-Text Art {Page 206)

In-Text Art (Page 206)

Fertile @ Fertile O

In-Text Art {Page 206)

ZW

Ir
Q

In-Text Art (Page 207)
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(a) Wild-type allele G
Allclt for white eyes
o allele at all

Homozygous Hemizy gous Homozygous Hemizygous
red-eyed white-eyed white-eyed red-eyed

female male female male

xx ox v

All daughle\
are red-eyecl

heterozygotes.

All sons are
white-eyed
hemizygotes.

All sons are
red-eyed
hemizygotes.

All daughters
are red-eyed
heterozygotes.

10.23 Eye Color Is a Sex-Linked Trait in Drosophila (Page 207)

j— S —— —_— e — ——— e —— - _— B ! — i
- — i —_— e —_——— - — e ———
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® ) Frmale who carries

gene for phenatype This woman carries the mutant allale This vwoman inherited the mutant X
of interest on ene but she iz a phenotypically normal from her mother and a nermai X from
X chromosgme heterszygaie. her father,

y/d
f

Generation [ (Parents)

Generation 1

Generation 111 .
b

Genermtion IV II{’}

. i §
This man inherited the mutant X chromoseme from his Two siblings inherited the mutant X
mather and a marmal Y from his father, and expresses from their mother. The son expresses
the mutaticn. He passed his mutant X chromesome te the mutation; his sister is a carrier,

his daughtes, and she passed it on to her son,

10.24 Red-Green Color Blindness Is a Sex-Linked Trait in Humans (Page 208}




