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Flower Purple X

color h

Seed color Yellow

)

Seed shape Round X Wrinkled
L\ /,"' ll\ - *‘
L b ﬁ‘\_w._/}

Pod shape Inflated X Constricted

Pod color

Lo 15 3] X
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LAY

Green X Yellow
Flower Axial X  Terminal
position
Stem
length
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P Generation

(true-breeding
parents)

F, Generation
(hybrids)

Self- or cross-pollination

F, Generation

705 purple-flowered
plants plants

Purple White
flowers flowers

All plants had purple flowers

224 white-flowered

This mating, or crossing, of two true-breeding
varieties is called hybridization. (% %)

The true-breeding parents are referred to as
the P generation (parental generation) (7

X)), and their hybrid offspring are the F1
generation (F1/X))

F1 hybrids to self-pollinate produces an F2
generation (F24X)
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P Generation

(true-breeding

parents) Purple White
flowers flowers

Purple flower dominant ( 2% )

White flower recessive (f& )

F, Generation
(hybrids)

° . (6 . ) =4
T R e — Conclusion: The “heritable factor” (7] i 4%

Self- or cross-pollination K ) for the recessive trait (white flowers)

had not been destroyed, deleted, or “blended”
in the F'1 generation but was merely masked

F, Generation

by the presence of the factor for purple

3:1 flowers, which is the dominant trait.
: 705 purple-flowered 224 white-flowered
plants plants



Table 14.1 The Results of Mendel’s F, Crosses for Seven

Characters in Pea Plants

_ | F, Generation Pod color 428:152 2.82:1
Dominant Recessive Dominant:
Character Trait X Trait Recessive Ratio
Flower Purple X White 705:224 3.15:1
color
Flower 651:207 3.14:1
position
 Seed color  Yellow X  Green 6,022:2,001  3.01:1
> O
Seed shape Round X Wrinkled 5,474:1,850  2.96:1 Stai > Difiart 787:277 2 84-1
' ) length
(\ ) }
\\\_’- 4 l\;_‘\j
. Pod shape Inflated X Constricted 882:299 2.95:1
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Appearance: Purple flowers White flowers

| sk RA A E AR GRA: Rior, R
B A, e Sk R AR ' ‘\l/.
0 BANEEEFALAER (ZEAE) , AL LERF

F, Generation %

Appearance: Purple flowers
Genetic makeup: Pp

Gametes: /2 @ /2 @

Sperm from
F, (Pp) plant

F, Generation @ @
OF. 2E
Eggs from 5

F, (Pp) plant

@%5?

Pp pp

A1




Alleles 4% JX ], alternative versions of a gene.

F1X 49 Bl 2 & 34K
Allele for
purple flowers

Through a series of

DNA with nucleotide steps, this DNA sequence |

e CTAAATCGGT results in production of an
enzyme that helps synthesize
Pair of purple pigment.
Locus for flower-color gene > homologous
chromosomes
One

purple-flower
allele results in
This DNA sequence results in the | sufficient

absence of the enzyme. pigment for
purple flowers.

Allele for
white flowers

DNA with nucleotide
sequence ATAAATCGGT
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Law of segregation 4

> B TAE

P Generation

&5

Appearance: Purple flowers White flowers
Genetic makeup: PP pp
Gametes:

F, Generation

Appearance: Purple flowers
Genetic makeup: Pp

Gametes: 1/2@ 1/269)

Sperm from
F, (Pp) plant

F, Generation O @
v B

Eggs from 5

Pp
F, (Pp) plant & {1;5

Pp pp

e




Phenotype (&%) versus genotype (Fx & 7)) P Generation ;% g @

Phenotype Genotype Appearance: Purple flowers White flowers
~ ~ Genetic makeup: PP pp
Purple PP ¥ Gametes: e Q
(homozygous)
R
F, Generation
3% Purple Pp
(heterozygous)
Appearance: Purple flowers
PAS /\:'7\%>2 Genetic makeup: Pp
Purple Pp Gametes: 1/ I
3 (heterozygous) 2@ 2@
3 ~
~ ~ Sperm from
F, (Pp) plant
| | pp .
1< White ‘ ' (homozygous) > 1 F, Generation @ @
* : % %
Ratio 3:1 Ratio 1:2:1 @
Eggs from 2r

F, (Pp) plant
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Dominant phenotype,
unknown genotype:
PP or Pp?

Recessive phenotype,
known genotype:

pp

Predictions

If purple-flowered or If purple-flowered
parent is PP parent is Pp

Sperm

® ®

EQgs

®

oY,

The testcross | =z M| X

AR K K F A G ANRE £ LR
MK 69 S A F MRS K

Results
L% - B
All offspring purple 1/ offspring purple and

1/2 offspring white
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Law of segregation
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P Generation

F1 Generation

YYRR . "’fj;.»

@ yyrr

Gametes

Predictions Hypothesis of / \ Hypothesis of

Predicted
offspring of
F, generation

Results

dependent assortment

7.

Sperm

/2 @ 1/2@
()| ¢

Y);RR YyR r

YyRr | yyrr
3/, { ) 1 /a

Phenotypic ratio 3:1

Eggs

108 101 (& 32 (@

\

w ()|
"o
"o
no

%6 ( ‘

iIndependent assortment

Sperm

'/a @ '/ @ '/ @ '/a @

YYRR Yﬁér YyRR Yer
YYRr | YYrr Yyrr
YyRR | YyRr
W =
YyRr Yyrr

Phenotypic ratio 9:3:3:1

Phenotypic ratio approximately 9:3:3:1
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Law of Independent Assortment

— NPEIRBG S AE A AR B AL R
Tk F 5 — AN KR 69 AL K ] 4
2 N\ BLF?

Two or more genes assort independently
—that is, each pair of alleles segregates

independently of each other pair of

alleles—during gamete (BL-F) formation.



B oy 24 A4

R AT REERGGFERFARTHERIEP, —XF
EEAEE5R —NFEEAAGHS BHHEEEFR TR

4
|

AW ASgZSFA: FFEEAREGE AR

——

N7

%

/L

%] e 'L"Lilz: ]5] 9}1%@474&«1:‘6/7%; «‘/L-;I:.\E;] Xd‘)

fijji A~

KA &R TR — ek AR gEAR AT 69 JK




Probability laws (1% % 4£&) govern Mendelian inheritance

Rr ¥

Segregation of
alleles into eggs

Rr

Segregation of
alleles into sperm

2 B W 2L AR

{(

. A8 ) &



More complex than predicted by simple Mendelian genetics. ..

e A LA I N IR A e A = ¥ o

P Generation

Red
(6

White Sperm

" ‘4 s '/ @ Yo @

F2 Generation Q
Gametes @ @ 1/2@ ‘ N
RR R W
Eggs CrC C*C
1/26@ N <

CRCW CWcW
F, Generation % ! CRCW

/ \ LA/ A 121
Gametes 1/2@5 1/2@
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(a) The three alleles for the ABO blood groups and their
carbohydrates. Each allele codes for an enzyme that may add
a specific carbohydrate (designated by the superscript on the
allele and shown as a triangle or circle) to red blood cells.

Allele JA & i

Carbohydrate A A B O none

(b) Blood group genotypes and phenotypes. There are six
possible genotypes, resulting in four different phenotypes.

Genotype JALA ©F [ | PPT° oF PP i ii

Red blood cell
appearance

Phenotype
(blood group)

A S~ i
FAL A5 ) B ’
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Epistasis: where one gene affects the phenotype
of another because the two gene products

Va(pE)  fa(Be)  1a(be) interact
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EQgs

Phenotypes:

Number of

(I s I NSV N = = -

000 | x |00
}:]/J:\ dee é6®
AaBbCc AaBbCc

Sperm Y

s Vs Vs Vs Vs s s s

000 @00 080 00e ©80 608 Oee ©e0e
1/5000 | 000 | 000 | 900 | 900 [ 000 | 00 | Q0O | 000

SO0 | @00 | 080 | 00e | 880 | 80e | Cee | eee
/3000 | @00 | @00 | 800 | 800 | @00 | 800 | 800 | 800

000 | @00 | 080 | O0e | 880 | 808 | Cee | eee
1 /8 000 | 080 | 080 | O8O | 080 | 080 | O8O | 080

00 | @00 | 080 | 00e | eed | 80e | Cee
1/g00@ | co® | 00e | coe | coe | coe | ooe | coe

SO0 | @00 | 080 | 00e | 880 | 8de | Cee
1 /8 000 | 000 | 000 | 000 | 000 | 000 | 000 | @00
/5000 | @00 | @0e | 808 | 808 000 | 800
1/g00e | CR® | OR® | OO | CRe Q0o
1/; 000 | 000 | 000 | 000

1/ea

6/64

5/6a

D/ea

dark-skin alleles: 0

AZLEE
A

20,/"64

15/64

6/64
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1/64

BRERBE
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Parents

Normal
Aa

Normal
Aa

SpermY

@

(@

EQQs

@ Ncﬁﬁwal Normal
(carrier)

Aa o
(a)| Nomal | &

(carrier)
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U
ol

3
‘ X \'
i

.'

-
» !

!

Albinism & 1% J7

Most recessive homozygotes are
born to parents who are carriers of
the disorder but themselves have a

normal phenotype
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Primary ot ) Quaternary - Red Blood Cell
St and Tertiary Striiet Function sh
ructure Strictires ructure ape
1 Normal 8 Normal _ Proteins do not associate
2 subunit hemoglobin with one another; each
- | _— carries oxygen.
; <
AA £ 4 @ a
o 5
N ; S 9
’ &
AR (Glu) B a
W B R i Sickle-cell B Sickle-cell Proteins aggregate into a
(Val)ﬁ§ subunit hemoglobln f|ber, capacity to oy
2 carry oxygen
= 3 is reduced.
D
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aa s | 5
9
N 6
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Parents Dominant allele can be rare as well 1n

the population.

Dwarf Normal
Dd X dd

SpermY

@ @

Dominant allele associated with lethal
disease are less likely to be passed on

E : :
>0 o " the future generations than recessive
@ Dwarf Normal alleles.
Dd dd . ’ . :
O |- Huntington’s disease is a late onset
dominant inherited disorder, and 1ts

current 1identification requires genetic
Achondroplasia {&1% J& testing.



Genetic Testing

(a) Amniocentesis

@ A sample of t Ultrasound monitor
amniotic fluid can I ,
be taken starting at F Amniotic
the 14th to 16th fluid

week of pregnancy. withdrawn

Fetus
Placenta

Uterus Cervix

T —

Centrifugation

Fluid —— Several hours
: : Fetal
@) Biochemical and colls Several
genetic tests l weeks

can be performed
immediately on the
amniotic fluid or
later on the
cultured cells.

€) Fetal cells must be cultured
for several weeks to obtain
sufficient numbers for
karyotyping.

L Several weeks
>

»  Biochemical
and genetic

ZEN R EI s

| (b) Chorionic villus sampling (CVS)

€ A sample of chorionic
villus tissue can be

l taken as early as the
8th to 10th week

of pregnancy.

Ultrasound monitor

Fetus |

Placenta \Suction tube
T inserted through

Chorionic villi J

cervix

Cervix
Uterus

Several hours
-

Fetal cells

@) Karyotyping and
biochemical and genetic
tests can be performed on
the fetal cells immediately,
providing results within a
day or so.

Several hours J

Karyotyping
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» %% (Phenotype)
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ON

THE ORIGIN OF SPECIES
BY MEANS OF NATURAL SELECTION,

OR THE

PRESERVATION OF FAVOURED RACES IN THE STRUGGLE
- FOR LIFE.

By CHARLES DARWIN, M.A,,

FELLOW OF THE ROYAL, GEOLOGICAL, LINNAAN, ETC., SOCIETIES ;

AUTHOR OF ¢ JOURNAL OF RESEARCHES DURING H. M. S. BEAGLE'S VOYAGE
ROUND THE WORLD.”

LONDON:
JOHN MURRAY, ALBEMARLE STRERT.
1859.

The vight of Translation 1s rveserved.
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1859 (1809-1882) (1822-1884)
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Genetic Linkage
(A B &40 A

Thomas Hunt Morgan, 1909
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The Chromosomal Basis
of Inheritance

,a»

Karyotype
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The chromosomal basis of Mendel’s laws

R/t, Y/yle 7 R Rl oy &4k b
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P Generation /| Yellow-round @
Starting with two true-breeding pea W | 5<R0s (LERE) y .
plants, we will follow two genes \ ) ' ,V
through the F, and F, generations. \ / | % ',l, _
The two if d col % /
genes specify seed color Y Iy s
(allele Y for yellow and allele y for - 4 N
green) and seed shape (allele R for - —
round and allele r for wrinkled). These l/ Meiosis l
two genes are on different Py N i N
chromosomes. (Peas have seven ) Fertilization r \
chromosome pairs, but only | &y )Qzalo/ A Y L
two pairs are illustrated here.) Gametes e/ --\_\v/,/

All F, plants produce

F, Generation

LAW OF SEGREGATION Meiosis
The two alleles for each gene separate

during gamete formation. As an

example, follow the fate of the long Tv;sogggfély

chromosomes (carrying R and r).
Read the numbered explanations
below.

arrangements
of chromosomes
at metaphase I

€ The R and r alleles segregate
at anaphase I, yielding two
types of daughter cells for
this locus.

Anaphase I

€) Each gamete
gets one long
chromosome
with either the
R or r allele.

e ) N N

1/4@

"/a @ '/a @

An F, X F; cross-fertilization
€) Fertilization l

recombines the R o
9% , =3 O 3\ :1@

F2 Generation

and r alleles at
random.

yellow-round seeds (YyRr).

ey
ey

\V{)\)

Green-wrinkled
seeds (yyrr)

LAW OF INDEPENDENT ASSORTMENT
Alleles of genes on nonhomologous
chromosomes assort independently during
gamete formation. As an example, follow
both the long and short chromosomes
along both paths. Read the numbered
explanations below.

@ Alleles at both loci segregate in
anaphase I, yielding four types of
daughter cells, depending on the
chromosome arrangement at
metaphase I. Compare the
arrangement of the R and r
alleles relative to the Yand y
aIIeIes in anaphase 1.

@) Each gamete gets
a long and a short
chromosome in
one of four allele

—_combinations.

1/4@

€) Fertilization results in
the 9:3:3:1
phenotypic ratio in
the F, generation.
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JE IRAREY 555

+
P X P X=W- & ﬁ X 1%
Generation l Generation X =D « G
W+
F4
Generation All offspring

had red eyes.

EQgs
Fy
Fleragofeid x P14 AR A 14 \ R

GeneFrzation ? & Q & & O" Sperm
EQQs
3:1 9 . .
)
Generation
GF RIS H G AT R R EIR L
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EQQs @

%) ¥ :

X

Inheritance of X-Linked Genes X:%4j 3k

XY

f

@\/®\/ Sperm

X

N

KX

XY

KT H

Q| XNxn| x

EQQs @

A 09 A%

XNY

M

@\/@/ Sperm

XXN

XINY

XX

KoY

Q | xNxr

EQQs @

@\/@\/ Sperm

XY

X"

XY

XX"

S




Linked genes (%4 2X 7] ) tend to be inherited together because they are located near

each other on the same chromosome

P Generation
(homozygous)

Wild type
(gray body,

- ‘ normal wings)
I &, 09 AR b et
1E "%’ k / J A é@ ﬁﬂ% F, dihybrid testcross NS/

Wild-type F4 dihybrid 5yl
(gray body, normal wings) ‘

b™ bvg® vg ? 4/

Double mutant
(black body,
vestigial wings)

bbvgvg

Testcross
offspring Eggs

Homozygous
recessive (black
body, vestigial
wings)

d bbvgvg

Wild type Black-

(gray-normal) | vestigial

Gray-
vestigial

Black-
normal

Sperm
Predicted ratio if genes are located on different chromosomes: 1 : 1
Predicted ratio if genes are located on the same chromosome and 1 : 1

parental alleles are always inherited together:
Data from Morgan’s experiment: 965 ; 944

206

185

2 &0 5k
B AL 38 By



Chromosome

Chromosomal basis for recombination of linked genes

Crossing over

Recombination
frequencies

< 9% —>»<«<—9.5% >

P 17% =

F; dihybrid testcross

(gray body,
normal wings)

Replication
of chromosomes

Wild-type F; dihybrid

recessive

vestigial wings)

Homozygous
(black body,
'S

b vg

Replication
of chromosomes

bvg
bvg
bvg
bvg
Meiosis I
Meiosis I and 11

b vg

b vg*

b vg

Meiosis 11 Recombinant
chromosomes
Y
b vg" b vg
FeLL——— = — -/ — -
Testcross 965 944 206 185
offspring | Wild type Black- Gray- Black-
(gray-normal)|  vestigial vestigial normal b vg
bt vg* b vg b*vg b vg" GERgED
e Ee RN - -u N e—
=l | b | =ik | ==i=D
b vg b vg b vg b vg Sperm
\ J\ )

Parental-type offspring

'

Recombinant offspring
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DNA breaks Centromere  DNA breaks Paternal
DNA ¥ 2 T /& 3% Cohesins A 25 (34) sigter _
Ak LUK & chromatids
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Maternal
sister
chromatids




Synaptonemal
complex forming
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Crossover Crossover
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Chiasmata

Chiasmata (chiasma for singular) where crossovers have occurred




At least one crossover per chromosome must occur in order for the homologous pair to
stay together as 1t moves to the metaphase I plate.

MEIOSIS I: Separates homologous chromosomes

Telophase 1
Prophase I Metaphase I Anaphase I and Cytokinesis

Sister chromatids
Centrosome remain attached
(with centriole pair)

Centromere

Sister Chiasmata (with kinetochore)

chromatids

Metaphase

furrow
Homologous
Homologous Fragments chromosomes
chromosomes of nuclear separate
envelope i Each pair of homologous Two haploid cells
. ICTOTUDUIES form; each chromosome

Duplicated homologous ttachiad 10 chromosomes separates. el e vt

chromosomes (red and blue) kinetochore sister chromatids.

pair and exchange segments;

2n = 6 in this example. Chromosomes line up

by homologous pairs.
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