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RECOMBINATION: THE
SORTING OF ALLELES INTO NEW COMBINATIONS

~




RECOMBINATION CAN RESULT FROM
INDEPENDENT ASSORTMENT

RECOMBINATION CAN ALSO HAPPEN
WHEN GENES ARE LINKED

* Linked genes
= Are located o the samee chroracsont
- Do net assort independently - they tend to be Laherited together.
Review:
» Prnciple of Searzgation: Bach diploid organisrs has two alleles at
& locus that separits in mtiosis, one allele going into cash garets.
* Prinei 1 : The two alleles at a locus ast
indepandently of alleles at other loci.

+ Recombination: the sorting of alleles into new combinations.




MENDEL'S TWO PRINCIPLES
AND THE CHROMOSOME THEORY OF HEREDITY

» Mendel had wo idea of what biological processes reswlted in the data
wnderlying his principles of heredity.

* 1n 1903, Walter Suttow proposed a biological basis for Mendel's
principles, called the Chromosome Theory of Heredity (Ch 3)

o Genes are found on chromosomes

MENDEL'S TWO PRINCIPLES
AND THE CHROMOSOME THEORY OF HEREDITY

* Torestate Mendel's principles in relation to Chromosome Theory of
Heredity:
s Theerineisicof e

* A diploid organism has two alleles for a trait, each Located

at the same Locus (position) on two homologous
crove.osomes.

o Homologous chromasomes segregate during meiosis, with
Mgammm\gmhmmdau.aﬂsm




MENDEL'S TWO PRINCIPLES
AND THE CHROMOSOME THEORY OF HEREDITY

e The Principle of Independent Assortment

During meicsis, each pair of homologous chromosomes assorts
independently of other homologous pairs.

LINKED GENES

o The nuwmber of chrorosones is much swmaller than the muowber of
oenes
*» Therefore some oenes maust be present on the same chromosomes
Lindeed genes:
Genes that are Looated close tooether ow the sarme
shromosom.s.

Travel together during meiosis, uswally arriving in the
Lame gamere.
Should net (wsually) assort independently.

o Genes om the sars chromasome belong to the sare linkage




COMPLETE LINKAGE
VS. UNLINKED GENES THAT ASSORT INDEPENDENTLY

CROSSING OVER CAN PRODUCE
RECOMBINATION BETWEEN LINKED GENES

v Genes oceasionally switch from one homologous chromosoms to
another through the process of crossing over.

*  Genes that exhibit crossing over are Lncompletely linked.
o Recombination takes place in Prophase | of meiosis.




LINKAGE AND CROSSING OVER:

Crossing over lnvolves the breakage and rejoining of homelogs

} Twe sister chromatids

RESULTS IN MEIOSIS:




RESULTS IN MEIOSIS:

® A single recombination evewk during wtiosic resulrs in four types
of garetes (for that chromosome):

= Two pargntal (non-recorbinant chromosomnes)
- TWo recombinant chromosom.es (reciprosal)




A SINGLE CROSSOVER PRODUCES HALF
NONRECOMBINANT GAMETES AND HALF
RECOMBINANT GAMETES

(a) No crossing over
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IMPORTANT THINGS TO NOTICE
ABOUT CROSSING OVER

o When there is a sinole crossover during meiosis, half the gametes
are recombinants and half are nonrecombinants.

o The total pereemtage of recombinant gametes is always half the
pereentage of meioses in which orossing over takes place.

o if crossing over betwesn two enes takes place i every meiosis,
ownly SOF of the resulting gametss will be recorbinants.

o The frequency of recombinant gametes is always half the
frequency of erossing over

* The raxinum proportion of recombinant gametes is S0F.




EXAMPLE OF CROSSING OVER
BETWEEN LINKED GENES
. lfmegemmwdmud,m ’ =

would expect a 1:1:1:1 phenotypic
ratio in the progeny.

» When Linked genes undergo
Sowe crossing over, we observe:

CALCULATING RECOMBINATION
FREQUENCY

Recombination Frequency is the percentage of recombinant
progeny produced in @ cross

*  Recombination = Number of recombinant progeny X 100F
Frequency Tetal niomber of progeny

¢« eg. __8+7 X 100§ = 122% (oro.122)
S55+53+2+F




THE ARRANGEMENT OF ALLELES
DETERMINES THE OUTCOME OF THE CROSS
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TWO TYPES OF RECOMBINATION

Recombination produces new allele combinations in gametes
l. tnterehromosomal Recombination
o Between genes on different chiromosomes

+ Aises from indepondent ssortment - randon. seegation of
chromasomes in anaphase t of meiosis

* Mendel discovered while studying dikybrid erosses

* Produses S0% nonrecombinant gametes and SOF recombinant
gametes




TWO TYPES OF RECOMBINATION

Recombination produces new allele combinations in gametes
2. ntrachromosomal Recombination
* Between genes Located on the same chromosoms

» Arises from orossing over - the physical exchange of DNA in
prophase t of meiosis

* Produces fewer thaw S0% recombinant gametes.
* Unless genes are very far apart on the same chromosome

e Via g e
n case they assort independently, as if they were on

INTRACHROMOSOMAL RECOMBINATION
RESULTS FROM PHYSICAL EXCHANGE

* Mellinkock and Creighton discovered a strain of corm that had an
Abwormal chromosome 9, contiining & densely staiming Rinob at one end
and a swmall pizee of another chromosorae attacked to the other end.

* Realized they could use this Rnob to Visually distinguish the two
raewbers of @ horologous pair.

o Studied the inheritance of two traits determined by linked genes on
chromaosoras 9.

o C = colored Rernels, ¢ = soloriess Rernels
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CREIGHTON AND MCCLINTOCK'S
EXPERIMENT

- « m Thtir Prediction:
| o If crossing over entails

[=0 & = s . m— physical exchange
o Emmm—— @a -  between chromosomes,

1 thh.eeotor(.&s,waxg
progeny resulting from.
Some colered, {.‘—D recombination showld
starchy progeny | @0 < EEED HAVE A Chromosome with
Smalomu,{..‘_"_ aw. extya pice but wot a
Waxy progeny | @il ¢ D kenob.

Note: Not all progeny genotypes are shown.

CREIGHTON AND MCCLINTOCK'S
EXPERIMENT

P25 & sy s 2] . S m— Their Prediction:
@G B RN T
o Some colored stareha

1 progeny should possess @
starchy progeny | @b < IEE.D peece.
Some colorless, | EDE ¢ NSRS

waxy progeny { @G D
Note: Not all progeny genotypes are shown.

—— gt




IMPLICATIONS OF
CREIGHTON AND MCCLINTOCK'S WORK

o Correlated physical exchange of material with genetic exchange of
information
o by using horologous chromosomes that were viswally
d' I' . l ll

o First evidence in plants that conzsponding seaments of gensetic
reaterial on the chromatids of horelogous shromosomes are able to
eross over during rasiosis.

PREDICTING THE OUTCOMES OF
CROSSES WITH LINKED GENES

1 Calewlate gamete frequency




PREDICTING THE OUTCOMES OF
CROSSES WITH LINKED GENES
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GENE MAPPING

* An undergraduate researcher figured out how to maap genes

* Thomas Hunt Morgan wis @ very famous Drosophila genetisist who
taught a biology class at Colurbia in the early 1900's.

» Two wndergraduates in his olass in 1909, sophomore Alfred MHenry
Sturtevant and freskran Calvin Bridges, asked if they could work i
hiz Lab.




GENE MAPPING

* Movgan and his students wmade some of the first cbservations that some

® Morgan hypotinesized:
®  These genes were on the same chromesome and therefore traveled
s Closely limked gemes (ravely shuffled by recombination) lie close
togecher.

o Loosely Limied gemes (more frequently shuffled by recombination)
lie further apart.

STURTEVANT CONSTRUCTED THE
FIRST CHROMOSOME MAP

. hypothesized that variation in the streagth of linkage
indicated how genes are positioned along a chromosome, providing
A WAy to map genes.

*  Worked out the first genstic wap, which was remarkably
Aacowrate.




STURTEVANT CONSTRUCTED THE
FIRST CHROMOSOME MAP

Stanevants symbele 8¢ " -
L e e Ll s
Modern 1ymdoli: ’-‘ ;r -\ r
[
Yolow Whine Vermbion  Misaters Rolevertary
body  wpe e g g

o Wenk on to become R geneticist, elusidating:

*  Gene mapping, basic mechanisws of
inheritance in Drosophila, eytology.
embryology. and evolution

RATES OF RECOMBINATION ARE ROUGHLY |
PROPORTIONAL TO PHYSICAL DISTANCE

B Whts&s:

*  Crozsover events ccour At random along the chromaosore

*  Two genes that Lie far apart are more Likely to wundergo a
crossover thaw are two that Lis olese together

*  Rzombination frequencies can provide
* Away to determine the order of gewss along A chromosome

*  Anestimate of relative distances between the genes




CONSTRUCTING GENETIC MAPS

* Genetio maps are shromosors maps saleuwlated by using the genetic
pheronenon of recombination

¢ Distances are measured in map units (m.u.), also called
cantidMorpans (em)

e 1w =1 recombination

» Physioal maps are chromosons maps caloulated by using physical
distances along the chromosome

® Distances are expressed as nawrabers of base paivs

RECOMBINATION MAPPING

» Distances are approximately additive:
Distansce from gene A to oene Bis 5 m.w.
Distanse from gene B to gene Cis 10 mou.
Distansce from gene A to gene Clis 15 m.w.
Then gene B must be losated between genes A and C




RECOMBINATION MAPPING

o weean draw two equivalent genetis maps:
— 1,

10Mm. 4. c

QUESTION

what if we add information about a fourth gene to our genetic map?

—_— e,

B 10rA L. C
Recorabination Frequensy ()




QUESTION

D 8. A Swu. B 10va. W c

we could also draw this map with from. right to Left (i.e. C, B, A, D).

CONSTRUCTING
RECOMBINATION MAPS

» We cannot distinguish between genes on different
chromaosomes and genes Located far apart o the same




CONSTRUCTING
RECOMBINATION MAPS

* A testoross for two genes that are relatively far apart ow the
savas chrowasoms tends to waderestimate the physical
distance, because dowble crossovers are ot detecizd

+ Double crossovers are Less frequent betwezn genes that are
close, 5o genetic waps based ow short distances are usually
MOTE AECUrAte.




CONSTRUCTING A GENETIC MAP

o Comduct a series of testorosses between pairs of genes

* Determing the recombination frequencies between them
* Two-poimt testorocs (or two-point eross for short): @ testeross between
two genes

CONSTRUCTING A GENETIC MAP

Gene loci in testoross  Recombination Frequency (F)

Re58833




USING ATHREE POINTTESTCROSS
TO MAP THREE LINKED GENES




MAPPING GENES WITH A THREE-
POINT CROSS

Wild type

Ceme s e v e

o The order of genes is arbitrary watil we determing wiich is the
middle gene
o Alleles are L coupling configuration, but can be downe with alleles

DETERMINING GENE ORDER
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tdentify the middie locus by examining
tine dowble-crassover progeny
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DETERMINING GENE ORDER
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3. To determine which gens is in the
meiddle:

2) Draw the chromosome of the
netorozygous phrent with all three
possible gene orders

b) seeif @ dowble crossover produses the
corbination of genes cosenved in tie
double cressover progeny
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DETERMINING GENE ORDER




A QUICK SYNTHESIS OF THIS
INFORMATION

» ldentify the classes with the
highest progeny -
nonrecombinants.,

* ldentify the classes with the
fewest progeny - dewble

Crossovers.

A QUICK SYNTHESIS OF THIS
INFORMATION
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* ln dowble crossovers, only the
weiddle alleles differ from the
nonrecombinants.

o 1n thic case, ss must be bn the
veiddle.

» Rewrits the order of the aenes
for zach progeny class to
determing winere the crossovers

took place.
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A QUICK SYNTHESIS OF THIS
INFORMATION
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CALCULATING THE
RECOMBINATION FREQUENCIES

o To determine the map distances, caloulats the recombination
frequencies betwesn each pair of Loci.

o Add «p all the crossovers (both sinale and dowble) that take plase
between two genes, and divide thic number by the toral naowber of
progeny frov the cross (amd multiply by 100E)

£.9. Crossovers betweew:

a) standss = st'/sse + stiss” e* + st'lss/e” + stiss’le




CALCULATING THE
RECOMBINATION FREQUENCIES

Recombination frequency = 50 + 52 + 5 + 3 x 100§ = 14.6F
F55

ssand e = 52’ ss'/e + stss/e’ + st'fssle’ + stlss'le

Recombination frequency = 43 + 41 + 5 + 3 x 100§ = 12/2F
F55
st ss 4
—_—
26. 8.

INTERFERENCE AND COEFFICIENT
OF COINCIDENCE

* Theoretically, we should be able to caloulate the proportion of double-
l' “ty I hu . w ll' I’ |l muﬁ . |ll'l

* Proportion (probability) of oametes with dowble crossovers betwesn st
and e is equal to:

* the probability of recormbimation betwesn st and 53 multiplied by the
probability of recombination between ss and e, or 0.146 x 0.122 =
0.017R

* Multiply this probability by the total mumber of progeny gives the
expested vaumber of dowble-orossover progeny, or 0.0178 x 755 =
13 4.




INTERFERENCE AND COEFFICIENT OF
COINCIDENCE

* Owly & crossovers were observed - why?

o Crossovers rew't indepondent events - the ccourrense of one
crossover tends to inhibit additional srossovers im the same region
of tihe shromosorae

* Double-orossovers are thus less frequent thaw expected.

* The degree to whick one crossover imterferes with additional crossovers
in the same region is termed interforence.

CALCULATING INTERFERENCE

I. Determine the coefficient of coincidence, the ratio of observed
double crossovers to expestzd double erossovers.

Coefficient = wnwmber of observed double crossovers
of coincidence  number of expected double crossovers

= 5+3 =0.6
0.146 X 0122 X 755

We are only observing 60% of the double crossovers that we
expected.

observed, because of interference.




CALCULATING INTERFERENCE

2. nkerference = 1 - coefficient of colneidence =1 -0.6 = 0.4

40 of the dowble-crossover progeny expested will ot be
observed, because of interference.

MAPPING HUMAN GENES

o Efforts in mapping human genes hawpered by:
*  Inability to perform desired crosses
* Swall vomber of progeny in most families

*  Restricted to analysis of pedigrees, which are often
incomplete and provide Limited information

*  use data from several families to test for independent




MAPPING HUMAN GENES

* Nownetheless, many genes have been mapped by using pedigree
data to analyze linkage.

*  An early example was Linkage between, the loci for:
*  Nail-patella sywdromes:
*  Autosomal dominant disorder
*  Abnormal fingernails and absent or rudimentary

Rneeeaps
*  ABOC blood type:

*  Autosomal Locus with multiple alleles

NAIL-PATELLA SYNDROME AND ABO
TrEES

- Nail-patella symdrome is vare. So we can Assume:

|. People having this trait are...
heterozygous for the uncorrmon dominant allele (Nn)




NAIL-PATELLA SYNDROME AND ABO
BLOOD TYPES

ON

howaozyoous for the wild type allele (nn)

*Remember that the wild type alleie is the most common, allele within
tie population.

DETERMINING IF LOCI ARE LINKED

o n the previous pedigres,
* 13 children from matings in which the genss encoding
wail-patella syndrome and ABO blood types segregate

*  2arerecombinants

* RF=2/137 Sawple size too small to say




DETERMINING IF LOCI ARE LINKED

* Disease-causing alleles are wapped by LOD (logarithw. of
odds) analysis

* examines the probability of having Linkage at a
particular RF compared to the probability of independent
assortment.

* A LOD seore of 3 indisates Linkage with the specified
recombination. is 1000 times as likely to produce what was
observed as independent assortment.

MAPPING WITH MOLECULAR MARKERS

*  GEne mapping wis originally Limited by the availability of
Qensttic marRers, VAriable genss with easily observable phenctypes.

- ¢.g. flower color, seed shape, blood types, eho.
*  Molzcular teehniques in the 19R0S: Lx@ming Variations in DNA
- Alraost unlinited nrader of raarers.




MOLECULAR MARKERS

*  Variations in s DNA sequence decected by outting the DNA with
restriction enzymes

*  variable nombers of short DNA sequences repeated in tandem

MOLECULAR MARKERS

*  Gont mAPDIAY With molecular markers is done in the same
MARNLY A% MADDIAG with traditional phenctypic markers

*  Cosegregation of two or move markers is studied

o Map distances are based on rates of resombination between
MArReYS.







