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The chromosomal basis of Mendelism




Thomas H. Morgan (1866-1945)
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* Morgan found a mutant white eye fruit fly

What would
you do on
this fly?
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= The reciprocal cross gave different
results with the original cross.

= Morgan hypothesized that the recessive
white allele of the first white eye fly
located on the X chromosome.
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The fountainhead of Drosophila genetics. Thomas Hunt Morgan and his students in the fly room at Columbia University, at a
party in 1919 celebrating the return of Alfred Sturtevant from military senvice in World War 1. Individuals whose work is discussed in this book
include Morgan (back row, far left), Sturtevant (front row, third from the right), Calvin Bridges (back row, third from the right), and Herman |.
Muller (back row, second from the left). The “honored guest” between Muller and Bridges has clearly seen better days.



F— AL
i (Sex chromosomes
and sex-linked Iinheritance)

—. IR Sex Chromosomes

Sex chromosomes: Chromosomes that are
connected with the determination of sex
(XY & ZW)

All the other chromosomes in the genome
are called autosomes (A)




Human sex chromosomes

Y Pseudoautosomal

~ region 1
Maleness gene SRY ~
Differential \;ﬁ Centromere Differential
region of the - region of the Y
X (X-linked ﬁ (Y-linked genes)
genes)

. Pseudoautosomal
-v— .
X region 2 Y

Hemizygous (& 7): Genes in the differential regions of

sex chromosomes
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A mutation of a gene | | Mutations at other ’Suppression of
on one chromosome | | genes affect male | | crossing over keeps

causes maleness. characteristics.

genes for male traits

Autosomal pair

gene

Evolution of the Y
chromosome

I
' Genes for
of chromosomes Male-determinent male traits

linked to male-
deteminent gene.

~< QliEMIp

Over time, lack of crossing

over between the X and
the Y chromosomes leads

to degeneration of the Y.
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of Different Mechanisms

i Sex Is Determined by a Number

= Chromosomal Sex-Determining Systems
s XX-XY:

s ZZ-Z\\: birds, snakes, butterflies, some
amphibians, and some fishes.

s XX-XO: grasshoppers, C.elegans
= Genic Sex Determination
= some plants, fungi, and protozoans

s Environmental Sex Determination
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Sex In the platypus is determined by sex
chromosomes.

Females have 10 X chromosomes, whereas
males have 5 X and 5 Y chromosomes
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KB A larva that settleson | B3 The larvae attracted by the ﬂ Eventually the males 3 They then attract
an unoccupied substrate | female settle on top of her on top switch sex, additional larvae,
develops into a female, and develop into males, developing into females. which settle on top
which produces chemicals | which become mates for g

- of the stack and
- % ”L develop into males.

_ that attract other larvae. | ' the original female.

Time >

In Crepidula fornicata, the common slipper limpet,
sex Is determined by an environmental factor—the
limpet’s position in a stack of limpets.
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Three different patterns of temperature-dependent

sex determination (TSD ) in reptiles
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Sex-linked patterns of inheritance
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i X-Linkage In Human

= Red-green color blindness
= Hemophilia A & B (IfiL A7)
= G-6-PD deficiency

= HGPRT
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Human Red-green color blindness

Symbols

¢ = color blindness
C = normal vision
P = Y chromosome
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Hairy ears: a phenotype proposed to be Y linked

Y-Linked Traits
IN Human i) 3

= Very few genes have been localized to
the human Y chromosome

= According to HGP, 397 genes on Y, while
less than 100 are functional

= For X, 900-1400 genes

= Determination of maleness
= Nonsexual phenotypic variants
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Sex-limited and sex-influenced inheritance

= Sex-limited inheritance, the expression of
a specific phenotype is absolutely limited to

one SexX.

s Sex-influenced inheritance, the sex of an
Individual influences the way a phenotype Is

expressed.

= In both types of inheritance, autosomal
genes are responsible for the contrasting
phenotypes, but the expression of these
genes Is dependent on the hormone
constitution of the individuals.
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Sex-limited inheritance

Hen feathering: H

Genotype

HH
Hh
hh

Phenotype
? 5
Hen-feathered Hen-feathered
Hen-feathered Hen-feathered
Hen-feathered Cock-feathered
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Genotype

BB
Bb
bb

Sex-influenced Iinheritance

Pattern baldness is a
complex trait that can be
affected by many genes

The phenotypic extent
Is different between
male and female

PhenOtype The heterozygous
¥ & genotype exhibits one
Bald Bald phenotype in one sex
Not bald Bald and the contrasting

one in the other

~

J

Not bald Not bald
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The presence of a beard on some goats is
determined by an autosomal gene (B ") that is
dominant in males and recessive in females

Genotype Males Females
BTBT beardless beardless
BTRBP bearded beardless

B°RP bearded bearded
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V0. FRIEAMEORL

(Dosage compensation of X-linked genes)

= Barr body
E R/ME

Barr body test

Nature, 1949, 163(4148): 676—677
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i s Dosage compensation effect

In humans and other mammals, one of the
two X chromosomes Is Inactivated In the cells
of females

In Drosophila, male X-linked genes are
transcribes at twice the level of the comparable
genes In females

In C.elegans (XX, XO), female X-linked genes
are transcribes at half the level of the
comparable genes in males
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Nucleus
Cytoplasm

’ Barr body
46, XY (N _1 = 46, X (N_ 1=
45, X =1 =8 47, XY (N=1=1)

47, B3 X (N-1=2) 48, BRI X (N=1=3)

48, FEA XY 49, XY
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+

s Lyon Hypothesis (Lyon {R %) (1961)

<& The inactivation of X chromosomes occurs
randomly in somatic cells at a point early In
embryonic development (in human, 16d, about
5000~6000 cells)

<& 0Once inactivation has occurred, all progeny
cells have the same X chromosome Inactivated.

<& The inactivated X chromosome is re-activated
during the formation of germ-line cells
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Third
ganaration

Anhidrotic ectodermal displasia TITHAMNEE X B AR
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The Mechanism of Inactivation

+
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Linkage and Crossing over

o, S

I. The discovery of linkage
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i Bateson-Punnet: Sweet Pea (1906)

Flower color: purple and red
Shape of pollen grains: long and round

P: purple/long X red/round

}
F1: purple/long

}
F2: purple/long purple/round red/long red/round

4831 390 393 1338

33



i Chi square test

(O—E)

2

E

O: observed E: expected
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purple/long purple/round red/long red/round
observed 4831 390 393 1338
expected 3910.5 1303.5 13035 4345

) (4831-3910. 5)2 ( 390-1303. 5)2 (393-1303. 5)2
X — 3910. 5 + 1303.5 T 1303.5
N ( 1338-434.5 )2

434. 5

= 3371. 58
35



Chi square values

Table 4.1 Critical Chi Square Values

Pvalues

E?grm Null Hypothesis Accepted Null Hypothesis Rejected
Freedom 0.99 0.90 0.50 0.10 0.05 0.01 0.001

x2 calculations

— 0.02 45 2.7 3.84 6.64 10.83
0.02 0.21 1.39 4.61 5.99 9.21 13.82

0.11 0.58 2.37 6.25 7.81 11.35 16.27

0.30 1.06 3.36 /.78 9.49 13.28 18.47
0.55 1.61 4.35 924 | 11.07 | 15.09 20.52

N & W o=




i B R

s P>0.05 ZR5HBPHLEEZEER
= P<0.05 ZRE5HRHEEZER
s P<0.01 ZR5HPHAEREZER

X2= 3371.58 P<<0.01
VUS4 B4 1 LA e

I
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T.H.Morgan’'s :¢ * @ *
Experiment
e Vesnunos ryess | vt

BBVV bbvv i:.;‘/f ,',I bbvv
)
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Complete linkage s f*z

=

Long wings Vestigial wings
Gray body Black body
BbVv bbvv
1 1
::‘.-‘
h ® B V
-
Long wings 'u'eshgml wings Long wings Vestigial wings
Gray body Black body Gray body Black body ><
BBVV bbvv BbVv bbvv
5/ X P Y
Fi - — — - |
L":—-.r_ ] - i 1 L

Leng wings Vestigial wings Long wings Vestigial wings
Gray body Gray body Black body Black body

i BbVv bbVv Bbvv bbvy
Incomplete linkage pov bbvv b by
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1. Crossing over as the
* physical basis of recombination

Chiasmata are the sites of crossing over
3

9



B | BT 5B
(AT ik G 0, B ] FR A #)

Leptonema Zygonema Pachynema Diplonema Diakinesis
+ Chromosomes  + Pairing is * Pairing is * Repulsion « Maximum
are already initiatec. completed. between homo- chromosome
duplicated. - Synaptinemal . Chromosomes logs begins. thickening
+ Synaptinemal complex thicken. - Chiasmata are OCCurs.
complex begins  develops more Crossing over clearly visible. + Chiasmata
to appear. fully, OOCUTS. - Chromosomes disappear.
. Chromasome are held together - Chromosomes
bouguet forms. atchiasmata and ~ move to
centromere. equatorial plane.
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Evidence that crossing over causes recombination

wx HI
@

Crossing over

L C L B Wl @@ < WP
X
@d - N - DD @@ c . P

Some colored, m
starchy progeny e c s v »

Knob Extra piece
¢, m>m) Some colorless, { od - IS - EED

waxy progeny &d - I D
“ c Note: Not all progeny genotypes are shown.

C: colored kernels Wx: starchy kernels

c: colorless kernels wx: waxy kernels a1



Evidence that crossing-over occurs
at the four-chromatid stage

Two-chromosome stage

O

A B A b I A b

O @ I . @ _
(’:JL - :: O B
a b a B

L &
Four-chromatid stage
A B
A A B O

A B U A b
® L I ®
-:“_‘—b N; -:ﬁ B
a _a b 1:_:3—'&l

AB Xab

l

A B
ADb
aB
ab
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Multiple crossovers can involve more
than two chromatids

ABCXaboc

!

ABCcC
Abc

abC

(a)

Position of crossovers

Tetrad genotypes

L &
a b
e
( ]



Crossing over as a measure of genetic distance

100 Oogonia

The distance
between two points
on the genetic map
of a chromosome is
the average number
of crossovers
between them

L g g & v97 98 99 100

However, we cannot

2

| “see” each of the
No crossover Single crossover Double crossover Triple crossover
70 20 8 2 chromosomes
iy coming out of
Average number of crossovers between A and B = MEIOSIS

70 20
Ox(Tb-d +1x(m)+2x(%)+3x(r§6)=0-42 44



Long wings Long wings Vestigial wings
Gray body Black body Gray body Black body
gt b g b g b
= = B )t Pnas] e
E I:-l:l:lﬁ-lll.-ll---'l-l-' -\;l _
vgt bt vg b wg™ b7

Long wings  Vestigial wings Long wings  Vestigial wings

The average number of Graybody ~ Graybody  Blackbody  Black body

is 0.18 —
crossover IS U. B e B —

vg D vg b vg b vg b
415 92 8g 405
Nonrecombinants: 180 Recombinants
. . 820 Parentals

Recom blnants - Frequency of recombination = :‘i% =0.18
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+

= Map distance (E#)

Map distance is equal to the frequency of
recombination

In honor of T.H.Morgan, map unit is called
centiMorgan (cM)

46



Exchanges also occur between
i sister chromatids

s Sister chromatic
exchanges (SCEs)

= Do not produce new
allelic combinations

= The significance of
SCEs is still uncertain

a7



Does crossing over occur in mitosis?

"/Parem cell (Z2n) k

’ "/

-

I

N
Parent cell (2n) Prophase |

- v

=y e L
ik 7

-y —

Crossing over
takes place.

./._
' Two daughter cells,

each 2n

’/i?rophase fl‘h’letaphase G\naphase
- [ ﬁ\\ - ;‘@h L&D
£ )rH ’l&):r ) "’Lﬁ‘: "iﬂf

N

~ }

Individual chromosomes align
on the metaphase plate.

hrom at|ds
para te.

P
' Metaphase I

&y

W7

N

w

S

Anaphase |

ey,

"&@ k7

J

Homologous palrs of chromosomes |
align on the metaphase plate.

Pairs of chromosomes
separate.

g . .
' Interkinesis

@

—

|
|'.I"

o

NI 7
B ”N 7

N
' Metaphase Il

J

‘\\

™ 7
' Anaphase 1l

2.18 Mitosis and meiosis compared.

llndmdual chromosomes allgn. l

|. Chromatids separate.

- (14 I \u\

e ™,
' Four daughter cells, |
each n

A [ @)
H(B

48



Crossing over occurs between mitotic

* chromosomes

y+/+sn %

\\:*\ \\:‘\ '\\}\\

Single yellow spot Twin spot Single singed spot
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Transient pairing

during mitosis

Mitotic metaphase

Daughter cells

(a) Crossing-over between sn and the centromere
Yellow

( oy

i
T snt y snt y

sn* y)
s a——

L Twin

l sn ¥ sn y*
sn y

‘x(_a_._._

spot
] e——

Singed
Wild type

or

N

sn y")I
————

L Normal

¥ sty ™ (—g—|—.—
+

sn y

snt y

) tissue
e ——

Wild type

(b) Crossing-over between snand y
Yellow

sn y L Yellow
] — e —— spot

moY [T sy ' sn)’*} C-O——y-srﬁ
ﬁ L p—

i
T snt oy sny s
+ l Sn+ yd— sn }ﬂ— . | —— s o ———— _l_ Normal
snm Y ' sn* v sn y tissue
. or Wild type
Wild type o
sn y* T ) sn* y sn y
st y an y-f- > - ——— ————
= —— " - Normal
A snt y* sn y
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The retinoblastoma gene (RB) encodes a protein that
regulates retinal growth and differentiation, and is known
as a tumor-suppressor gene.

Cells in the eye need at least one copy of the normal wild-
type allele to maintain control over cell division.

Transient Pairing

of Homologous Mitotic Daughter
Chromosomes 13 Metaphase Cells
During Mitosis

Normal
T RB*
E T X T X RB*
RB RB O ——
l RB~ l RB~ RB™
Qe |
l RB~ RB™

Retinoblastoma

RB* __,
RB~

RB*/RB™: incomplete penetrance and variable expressivity
51



i Factors influence crossing over

= Distance between two genes

= Environments: temperature, radiation,
chemical mutagens...

s Locations on the chromosome
s Sex differences

Haldane's (1922) rule that crossing-over is
reduced or prevented in the heterogametic sex.

Drosophila

52



J ?
Long wings Vestigial wings
Gray body Black body

|
[:;fv/ll L.l o
i\

:._ s \ = 3
Long wings Vestigial wings
Gray body Black body

BbVv bbvv
1 1

Vestigial wing

Black body
bbvv
-y
FI ll,;' = 1
1 - !
?
Long wings Westigial wings
Gray body Black body
BbVv
Fa
&
Leng wings  Vestigial wings Long wings  “estigial wings
Gray body Gray body Black body Elack body
BbVv bbVv Bbvv bbvv
0.42 0.08 0.08 0.42
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YRR D R A 3T R

Melosis:
Autosomes and X chromosome

Y chromosome
Hemings

Short
arms

@ @ Centromere

v v Long

Y arms
chromosome

v v
X
chromosome

“Founding father”
“Jefferson fathered slave’s last child”
Nature 396, 13-14, 27-28 , 1998

O O

X

Jefferson

Eston
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Grandfather of Samuel and
Peter Carr, two were sons
of Jefferson’s sister

The first son of Hemings

a Ancestry b Haplotypes
Bi-allelic Microsatellite STRs Minisatellite
markers MSY1
[ -Peter— President Thomas Jefferson ]
129-136———J41 0000001 15612.411.3.911101513.7 (3) 5.(1)14.(3)32.(4)16
Thomas
Jefferson 1 1B —J12—J20~{
I J30-)36—J42 0000001 1612.411.3.911.1016.13.7 (3) b.(1)14.(3)32.(4)16
-Field—
J13 =121 -131-137-143—)47 0000001 1612.4.11.3.911.1016.13.7 (3) b.(1)14.(3)32.(4)16
.
J45—]49 0000001 15.12.411.3.91110.1513.7 (3) 5.(1)14.(3)32.(4)16
J14-J23-)33-J39 4{
146—150 0000001 1512.411.3.91110.16.13.7 (3) 5.(1)14.(3)32.(4)16
Sally _Eston-H10—H15-H17 Ho1 0000001 1512.411.3.911.1015.13.7 (3) 5.(1)14.(3)32.(4)16
Hemings
-Thomas-C6 -C11—C19-C23 C27 0000011 14125612.310.111013.13.7 (1)17(3)36.(4)21
John {Dabney— C8-C13-C21-C26 ——C?29 0000011 14.12.6.11.3101110.13.13.7 (1)17.(3)37.(4)21
Carr Overton- C7-C12-C20-C24-C28-C30-C31 0000011 1412.512.310.11101313.7 (1)17(3)36.(4)21
\W40—\W5s5 0000011 14.12.5611.310.1113.1313.7 (1)16.(3)27.(4)21
-\W8-\W27
W41—W5s6 0000011 1412.611.3.1011.131313.7 (1)16.(3)27.(4)21
-Lewis—
Whs7—\W69 0000011 14.12.6.11.310.11.13.1313.7  (1)16.(3)27.(4)21
Thomas
eniEe T —WW9-\W28—\W42
We8—W70 | 1110001 17.12.6.11.3.11.8.10.11.146 (0?)1.(3a)3.(1a)11.(3a)30.
(4a)14.(4)2
LJames——W12 -\W30 -\W46 We1 0000011 1412.511.310111313.13.7 (1)16.(3).28.(4)20




i Out of Africa——& H JEVN

African Origin of Modern Humans in East
Asia: A Tale of 12,000 Y Chromosomes

Science 2001 Vol292(5519):1151

i 25 R 5 1 — UG 2R V. 11163 A\ B (populations) 112,000
2 BRI Y G ARPRIE R 7, A iR 7 AN (modern
humans)# 5 )& H AR R . XADNFIRIA N, — AR TR
FIEARN I HIAE R+ 45/, A THR 7 BRI 46
A (archaic humans)#f4. Yeuhai Kefl[EZAT0 41 7 MBEAZIH L
N B AN RIS NIl SR = MR Y e ik 584, 1X
SR AFHRIR T AR AT B — DR R R, MR T
12,1270 B ERHE T IX = AR —A AEF U, X EHIERM
R aE NS 20 X BN S YR A DTk o
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B=T GEAER
i Chromosome Mapping

Chromosome maps calculated by using
the genetic recombination are called
genetic maps

Chromosome maps calculated by using
physical distances along the chromosome
(often expressed as numbers of base
pairs) are called physical maps

S7



—. P A MAZ (two-point testcross)

= AP E RN

N

LA RITH E AR,

K452 [A 18] 1 B 8 AT £ 4T e L

n AL

i_:t’f@t:l,

PAZFPF BEATIIAZ
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. Drosoph//a X chromosome

FR (w) | (y)  HEKGH (bi)

o S
w bi/+ + X whi/Y bi-w: 5.3%
wy/++ X wy/Y w-y: 1.1%
(1) w-y----b (2) y-w-----bi
y bi/+ + X y bi/Y y-bi:  5.5%

y-W-----DI
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pair RF
y-w 1.1
y-v 33.0
y-m  34.3
y-r 42.9
w-v 32.1
w-m 32.8
w-r 42 1
V-m 4.0
V-r 24.1
m-r 17.8

(b) y w

1.1 328
34.3

)y w v

1.1 |
g _

33.0

34.3

dy w v

42.9

m

1.1+ 32.1 +4.0 +

17.8

B
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Two-point crosses have their limitations

= The actual distances between genes do
not always add up

= The double crossover iIs overlooked

No detectable
recombinants

The distance between two points on the genetic map of a chromosome is
the average number of crossovers between them

= Difficult to determine gene order if
some genes lie very close together
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i —. =HWA (three-point testcross)

n E X — ek bk =ANESE A EE B [A] B
iﬁﬁﬁ%%mem%ﬂmﬁm%Qﬂﬁo
1913F HMorganfZ4 Sturtevant g 8l .

—RH =645 =RIEAMEZ TR

s R BE KRB EMHKR=1ERE
Lk BRI E ) lﬁﬁ"- A XA B

e l%ﬁ%xg’ew%ﬁﬁ:ﬁﬁ_l A, FE (y) .
THR (w) FIBRER (ec) jﬂf?ﬂ
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ecct +/++cv X

R

i

€C
+

€C
+

€C
+

+
€C

ct +

CcvV

CV
+

-+

CcvV
+

CcvV

MMAZH
2125
2207

273
265
217
223
9
3

A1 5318

s tFEct-cvHE

320

ecctcv/Y

H

RF(ct-cv)

=(217+223+5+3)/5318

=8.4%

AR

s (T ec-cvHE

RF(cv-cv)=10.28%

s tFEec-ctiE

1 2H /

H

RF(ec-ct)=18.4%
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+

el CV ct
| 10.28 . 84 |
< 18.4718.68 >
i
ec cvet 3 ec + c¢t
+ + + 5 + ¢cv +

18.4%+2 X (5+3)/5318=18.7%

64



— R R G

s

==

o SE % Lt 151 Eiigﬂﬁﬁig

eC
+

eC
+

eC
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cC

+

CV

CV
+

+

GV
+

CV

ct

ct

ct

ct

= ec-cv  cv-ct  ec-ct
2125

5907 81.5%

SERRTION J
3;; 8.3% V) J
g 0.1% J J

J]E'\ di’+

5318 1 10.2% 8.4% 18.4%
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i Deducing Gene Order

s F=RNZHBSFRELN, BHBDHIPR—

FERRXAZHIL . XA BT

KA BRI AAZE B — e L

Z 8] b A/ AT He KA

X I E

5 oR A2

DARma ]|

n J=RNAZ HI SRR, RARmHEEE
L HEFERAMN

HHE, B

XA HAENERLIE

- ﬁ*ﬁﬁﬁﬁj&lﬁ%/\ AR =R, FEASHH
WA BAE, WAL FRAGFHER, EHRI

—
.
L

66



+vbm/pr++ X & prvbm/prvbm
S prvbm/prvbm X & +vbm/ pr+ +

Phenotypes Nimbér Total and Exchange
of offspring percentage classification

h 230

+ 4 m 467 Noncrossover
S e o 42.1% (NCO)
+ + bm &2 161 Single crossover
= % g o 14.5% (SCO)

200
+ V + 395 Single crossover
b e < fos 35.6% (SCO)
pr v bm 44 86 Double crossover
" .5 4 7.8% (DCO)

v pr bm

Fiﬂﬂl n'rap . | ) [ — | —
s 43.4 1
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Drosophila genetic map
[ )

f L

Chromosome 1(X) Chromosome 2 Chromosome 3 Chromosome 4

Bent wing
Y Yellow body . Net veins \J Y /Cubitus veins
0.0- ;:f'--Scute bristles 0.0-',:=f:--Arista|ess antenna 0.0-->==:-- Roughoid eyes 0.0- -‘—‘“—Shaven hairs
1.5 White eyes 1.3 === "-Star eyes 0.2° “Veinlet veins +>Grooveless scutellum
3.07 //2n Facet eyes 4.0 “Held-out wings ‘Eyeless
5.5, +“Echinus eyes
7.5" .—=._"Ruby eyes 13.0---=—---Dumpy wings
13.7 - Crossveinless wings  16.5---===---Clot eyes
20.0---=---Cut wings 19.2---7"--Javelin bristles
21.0°7 > Singed bristles
e 26.0-->==::-Sepia eyes
27.7- -Lozenge eyes 26.5 " *Hairy body
33.0---—---Vermilion eyes
36.1---=—---Miniature wings
41.0- - Dichaete bristles
43.0---===---Sable body 43, 2—=__--— Thread arista
44.0°7 ™~ Garnet eyes 48.5 ., .- Black body 44.0- ~ Scarlet eyes
51.0."T"_. Reduced bristles 48.0-" " "~ Pink eyes
56.7. .Forked bristles 54.5.°7 .. Purple eyes 50.0 > Curled wings
57.0-.\mm=-"- Bar eyes 54.8--HM: - Short bristles 58.2 . _-Stubble bristles
59.5---—---Fused veins 55.0 T . Light eyes 58.5--38=:"- Spineless bristles
62.5---—---Carnation eyes 57.5° " Cinnabar eyes 58.7 e o8 “Bithorax body
66.0---—---Bobbed hairs 66.7-._____--Scabrous eyes 62.0° ", L.\ Stripe body
67.0-""T - Vestigial wings 63. O A ‘Glass eyes
— 66. 2 _\ Delta veins
72.0 =" Lobe eyes 69.5, 5 \‘ Hairless bristles
75.5° " Curved wings 70.7’,5 . Ebony eyes
74.7 ‘Cardinal eyes
91.1---="---Rough eyes
100.5 . . Plexus wings
b il 100.7 ---===--- Claret eyes

Wild type Q 104.5 - -===--- Brown eyes
107.0--——"--Speck body 106.2-""" "~ Minute bristles 68



(c) L 2
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15
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Resistance 33 Susceptibility to
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1952 genetic map of tomatoes
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Purple (4)
18

Green (a)
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i Emphasize -

= Two genes that are far apart on the same
chromosome tends to underestimate the true
physical distance

= |f genes exhibit 50% recombination, they are
on different chromosomes or far apart on the
same chromosome

= Recombination frequencies between two
genes never exceed 50%
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F% (Interference, 1) 5

& & E(Coefficient of coincidence, C)

cC Cv ct

| 10.28 | 8.4 |

DCO ypected=0-1028 X 0.084=0.86%

DCO peorveq=(3+5)/5318=0.15%
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i Coefficient of coincidence, C

= The ratio of observed to expected
double recombinants

frequency observed

Coefticient of coincidence = —
frequency expected
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i Interference, |

= The Inhibition of further crossover
events by a crossover event in a nearby

region of the chromosome, cause this
reduction.

frequency observed

e |=1-C =1-
frequency expected

73



= 1[EF¥(positive interference): —ANERZ# [
KA 73— BB RN, R se
B XU AL He e < B2 XU AL #efEL (Positive
Interference is most often observed In
eukaryotic systems).

» 1T (negative interference): —/NEEAZHt
IR RGN 7 — AN AT B K AR TR
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‘L Others:

= Mapping with
molecular markers
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nThis map shows ‘

the actual
location of the
genes. It has
greater resolution
and accuracy, ...

= DO genetic maps

ﬂ _..whereas this |

chal =~ r=9¥,

=~
glkl —

map is created
from recombi-
nation frequency
data and has
limited accuracy.

) his4 ——— his4 |
correlate with physical SUEs3 e $UPSS
- Centromere — Centromere
real Ityo . _/ pgkl
petl8 1 el | A2

= The order of genes are mostly
consistent, while the actual
physical distances are usually
Imprecise
= Complicate factors act on
recombination: locations,
Specles......
= 1% RF = 1,000,000 bp in human
=« 1% RF = 2,500 bp In yeast

SUP6I —\

ABPT ——~___ e

—_— cryl
cryl —/— MAT
MAT —
thr4 — == thr4

Physical Genetic
distance map

Chromosome Il

— SUP6I
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Ordered Tetrad Analysis

+

Ogiid Gk A A

KGRk BB (Neurospora crassa)

(The life cycles of Neurospora crassa)

i)

09 73 F HITE R

(T

ne formation of ordered tetrads)
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Fungal life cycles

(b) Neurospora crassa

A-mating type ascospore

4 Ascus containing eight
4" haploid ascopores

‘.!l

a-matin

type ascospore

released; germination a A “ released; germination
a
l Mitosis
Tetrad & i Asexual spores
Conidia U - Meiosis Il {l:ﬂ'ﬂidi-?}
¥ = "
h a
" b Meiosis | 5
Germination . {'.Ef_:mlnatinn
"~ Ascus
Vegetative life ! formation Vegetative life
cycle (haploid) 2n zygotes = Afa cycle (haploid)
-
Sexual life cycle: I Sexual life cycle:
A|«— A-type cells fusewith Niciear fusien a-type cells fuse with — _,:g
g LA opposite mating type a' opposite mating type - ;
Binucleatecell (n+n)=A + a
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Formation of ordered tetrads

Meiosis | Meiosis Il Mitosis |Resulting
metaphase metaphase |metaphasel octad

Spindle

p+

Genetically
identical cells
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Neurospora crassa IS good material for

i <> RELRE ik Fi B R B A% 0 AT B 27 1 6

genetic analysis

= THEETRBAFE

= —IRA
= RN,

—'

LT — AN o R B =)
S5, 5 TR

ATRT AT, et iR SR RER A

=

S5-I N

J 1=

HY)
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- WPt
i (Ordered Tetrad Analysis)

1. HLHAMERE  (centromere mapping)

—

STFHTIE, T e FE R 53 0 ] FY B

AIH D

B— IR 453344 B (first-division segregation, M)

55 IR 515457 5 ( second-division segregation, M,))
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Two segregation patterns in ordered asci

Meiosis |

Meiosis Il

. N Lo Mitosis Segregation Pattern of Ascospores
(first division) (second division) greg P
(a) First-division X ws*
segregation patterns ws O—
greg P ws* x (D —— <: ws*
ws* Q -
o 0 - . ws
0 ws ws* *
ws* . < ws*
ws
ws - ws o Q@
- ws
0 ~ ws__ °
ws 0 ——
ws N ws o ws
- <7 ws
Qo
(b) Second-division
. +
segregation patterns st @ ws
+ _ 4 WS+
Q — °
+ ws
ws o ws WS Q@
- Q <L ws
X ws Q@
ws wst - wst
0 ws* @ < ws*
WS N e P
0_ ws
ws \ [e" ws Pead C
(\




o 01k W

lyst X lys™ N
o O %

Tetrad group Number Segregation pattern

4 105 M, ©@0000000
| 129 M, ojojeyey Y X X
| J M, L X JOIO) X JOI@
| 5 M, oJoX X JoloX X
10 M, X JeJeJoJoX X
- 16 M, ool X X X JoJ®
RF= ——u__ o, X 100%
M,+—M,
1
_ 9010416 o =« 100%

105+1294+9+5+10+16 2
= 7.3%=7.3cM
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i 2. N ESERIEE

(two linkec

genes mapping)

nic+ X + ade

nic: cannot grow in the absence of nicotinic acidH

ade: cannot grow in the absence of adeninel# M4
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segregation
pattern

number of
tetrads

PD (parental ditype): >g 7Y
NPD (non-parental ditype) : k35 %Y
T (tetratype) : P44y
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+

= HRHARIN, aZRE

N

y<3=|

HEHIIE R

PD: four spores are parental
NPD: four recombinant spores
T: two parental and two recombinant

¢ PD=NPD
¢ PD>> NPD

linkage

11

Nats

two genes are unlinked
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Calculate the recombination frequency

M, 1
i RF(@—n)=——\— X — X 100%
5+90+1+5

1
- X — X 100%
1000 2

5.05% 5.05¢cM

1

9O+9O+1+5>< = % 100%
1000 2

— 9.3% 9.3cM

RF(@—a)=

NPD+1/2T
T+NPD+PD

_ (1+1)+1/2(90+5+5)

1000
= 5.2% 5.2cM

RFE(n —a)=

X 100%

X 100%
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4

n Genetic map
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Unordered Tetrad Analysis

Fungal life cycles

Ascus containing four
(a) Saccharomyces cerevisiae haplord aamapn%as

amating type \ a-mating type
ascospore released P= ascospore released
‘3‘)@ o
Germination Germination
Vegetative life Vegetative lif
9;-?%& (haploid) & & cVle (haplold)
Meiosis
Budding i 2 Budding

=

- o e

o O Zygote formed

Vegetative life
? cycle
(diplold) & vdding




BRI A G R E PR (Sc2.0)
The design and hierarchical assembly of synXIl.

||||||||||||||||||||||||||||||||||||||||

Native Chromosome Xil '-: Synthetic Megachunks Partial synXIl Strains
B o F ]
‘ I Y - -
rDNA repeats (~1.5 Mb) a c e \ '
- Yo o ! b
DODDDDID - DEDIDIRD « — L
\\‘ ,}’J /._.- - -.\ ! - i
. e . .G: — II ,K ) ‘ ."r _:_!,;I \_j : :
— T = 07 =
L N P - ;/_,.--- \ ) -
' ) | |
" = @ \’ 66% |
\ i :
p— : 100%
- : z f— ‘ Y
Q ol 05, plasmid or 66%
it Fomns Tl : other loci Ah cc EE GG ,f‘ \".I '
EB DD FF \a__ __,/ 33%
] ] Mating/sporulation
Step 1: Megachunk replacement Step 2: (Meiotic recombination)
Engineering the ribosomal DNA in a megabase synthetic chromosome.
AYAAAS

Weimin Zhang et al. Science 2017;355:eaaf3981




Diploid cell

Products of
Meiosis

Number of
tetrads

arg3 ura2 X ARG3 URAZ2
(a-mating type) 1 (a-mating type)

arg3 ura2 |/ ARG3 URAZ2

MeTﬁs
PD NPD T
argd ural argd UHAZ arg3 ura2
arg3 uraz arg3 URAZ2 arg3 URAZ2

ARG3 URAZ2 ARG3 ura2 ARG3 wura2
ARG3 URA2 ARG3 uraz ARG3 URA2

3+ (1/2)70
RF =

127 3 70

~ NPD + 1/2T
Total tetrads

> 100

> = .
200 100 = 19 m.u
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Ordered verse Unordered Tetrad Analysis

Ordered tetrad Is essential for two types
of analysis

= Map the centromere

= Reveal the Gene Conversion (ZEFE#2)
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Molecular Basis of Homologous
Recombination
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Homologous recombination can take place through
several different pathways o5
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1. The Holliday Model

1964, R.Holliday
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The structure of chromatids in meiotic prophase
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(a)

(&)

(<}

Holliday model

A A, 5}
¥

5l

51

A A 5]

—"_
"

—_
3

b
“ Strand exchangs

A A =z

{d)

(e}

Heteroduplex DNA

Holliday structure
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i Evidence supporting this model

< The electron microscopic
visualization of chi-form

< The discovery of RecA protein in E.coli
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i 2. The Double-Strand-Break Model
(1983)

= Recombination starts with double-
strand breaks in one of the two aligned
DNA molecules
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a inner chromatid DMA double helix

A inner chromatid DNA double helix

»3'ends

.
Double-strand break ﬂ A ———————— e —
and erosion of ends . G

Broken end invasion
and loop formation

A
Migration of loop A— ‘
and synthesis ——
A
K .A "L
1 i Holliday
. Y a Y / structure
Gap-filling and /
union of free ends ' -
O -2 ﬂ 4-~X«-| 4

102

—_—
b=
Lo -



+

3. Meselson-Radding model

(single-strand break and repair model)
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.— EI

—' EI
(a) ‘!.L Endonucleass

il

I — r

‘!.L Chain displacement

—\—”
o U Chain removal
e) Ligation 4" Branch
migration
) | Resclution |
i il
— e orizontal T —r
o See movie 1
- - 2
e — T —
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i 4. BHEEZ Gene conversion
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: 497
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0.06%
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S ir 24 4
ore pair
pore p |4
| a
Sporepair3%
| a
aw
Sporepairél%
: 0.008% L

200,000 ascus

=
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k__ﬁr_vf-i_#, 6:2 2:6 5:3 3:5,

Aberrant ratios
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(a) Chromatid conversion (b)
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= Gene conversion Is a consequence of
DNA recombination

= It results from the mismatch repair
process of heteroduplex DNA
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Wild tvpe Mutant

el bl llae

U

Heteroduplex region
TR
LLLLC L L LI

/ Mismatch
repair
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Parental DNA
(4-strand stage)

3 :1 segregation

conversion

T
A

AAA
TTT

®

GTC
CAG

GTCGAAT
CAGCTTA

Mismatch
repair

l

Heteroduplexes
T
A

GAA
CTT

GTC
CAG

AAT
TTA

@

GTCG
CAGC

@

WY 0—0

@

A—=>G

OR

@

T—>C

@

1: 3 segregation

conversion

L1V

gene conversion

C—=T

G—>A



+

= Gene conversion Is a meiotic process
of directed change in which one allele
directs the conversion of a partner
allele into its own form
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The figures and tables are cited from:

Genetics (From genes to genomes), Leland
Hartwell, Mcgraw-Hill Companies, Inc

Concept of Genetics, William S.Klug, Prentice Hall,
Inc

Introduction to Genetics Analysis, Anthony J.F.
Griffiths, W.H.Freeman, Inc

Principle of Genetics, D.Peter Snustad, John Wiley
& Sons, Inc

Genetics-A Conceptual Approach, Benjamin A.
Pierce, W. H. Freeman
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