CHAPTER 9 ~ | INKAGE 3 KECOMBINATION FREQUENCY

INTRODUCT IONS

‘Mendel reported that the pairs of loci he observed segregated independently
of ecx:er\_ ofher send
-ex: The segreqation of color alleles was independent of the aton
of aﬁie%oc Seed shape. A .
*This, observation was the basis for his Second Law (Independent Assortment) 3
contributed gcecxﬂi,}eh our undesstanding of heredity as single units.
-Howeves, further Tesearch showed thaf~Mendel's S&tond Latv did NOT apply
to EVER® pair of genes that could be studied.
-In fact, we now know that alleles of loci close fogether on the same
Chromosome tend fo be inherited togerer.
~This phenomenon is catled "LINKAGE™ 3 is a MAJOR excephion to Mendels
Second Law of Independent Assortment

ReViEw oF GENETIC NOMENCLATURE 3 SYMBOLES

-A is a heredi ni oy ospeﬁ\" ition (| ithi
g:ﬁ%fr\vre\e or chmo‘:‘o‘r’rel% +a45+\é1‘:re or f%\?e speci c& ceﬁisoapgm%\r\e!\\o%
-of the oganism and can mutate Into various forms (alleles)

-A pe is the specific allelic composition of a cel\ of organism.

~Normally only the genes under consideration are listed in a

the alle the (emaih'\n%gem loci are considered 1o _be wild fype.
- A pl pe is the detachable ocutward manifestation of a spedific g

=ln describirgophendgg, usually only the characteristics under considecation
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RecomsiNATION ¢ RecoMBINATION FREQUENCY

*The process of meiosis leading fo a separation of chromosomes, as wel
aossmg over, is necessary for the understanding of the process of’
reamb

-The term "recombination” is used in several diffefent contexts in genetics. In
reference o heredity, recombination is defined as o process that results in
w/ combinations” of alleles that we® not prsent in the gametes
parental generation
* Recombination is Important because it confributes fo the genetic variation that may
be observed bl/w individuals wihin a population 3 +hat may be acted upon by
selection for evolution
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INTER/ INTRA -CHROMOSOMAL RECOMBINAT ION
SIEREOPRIERls THRONTBIAN BRI R, srsependent
-Interchromosomal fecombination occurs through crossovers olus  loci on
the same chromosomes
“rdREPRnt B LR sl PR AR5 TR R B
Some species, but i is rlatwely rare
-As an example of inferchromosomal recombination, consider loci on twa different
chromosomes We Know that if these loci are on diffent  chromosomes
there is no physical connection blw them, so they are unlinked 3 will
segregate independently as did Mendel's traits.
“The "ﬁmm depends on the relative orientation of each paits of chromosomes
at pl

?vi\réce the orienhgol(\ is random 3 independ%nt of o’(herl chromosomes, each of
arangements (i +helr meiotic is egual ible for two
unlin\‘\ed“gloc'\ produssdis equally pass
\nfrachromosomal  recombination occurs through crossovers. Crossovers occuf
during prophase T of meicsis, when paics oF ~ homologous chromosomes have
aligned w/ each otrer in a process called synapsis.
Crossing over begins w/ the breakage of DNA of a pair of non-sisrer chromatids.
The b occur ot corresponding gosih’of\s on fwo non-sister chromatids, § +hen
the endsof non-sister chromatids are connected fo eachn otner resulting in a
reciprocal exchange of double-stranded DNA.

ger;emél . every pait of chromosomes has at least one cwssover duri
ut o

metes
the

meiosis,
mittple Crossovels occus in each chiomatid during prophase 1

Because interchromosomal recombination occurs %rouq_v&“iondependen\' assortment
?‘enes in this situation are always unlinked. Infrach somal  recombi nation
as instances of linked geres

chalacters are  assumed fo be wildiype (nomnal)

- Unlinked are on different chromosomes of fas apart on the same
chromosofhes, while linked genes are close (enough) ’rose r on the same
chromaosome.

-The random assortment of the different alleles of genes on diffefent
-(l:—hromosomes depends upon the segregation inde%%ﬂnder\f assortment of t+he
chromosomes dufing  meiosis .
-Howeves, genetiC meombination of different alleles of genes on the same
chfomosomte can only occus by crossing over.
“When genes are locafed physically very near fo each otner on o particulas
chromosomes, they act os if they are Tinked # inherited together

* Researchers use linhage to determine the location of genes along chromosomes
ina pocess called genetic mapping.
-The con of gene linkage is important fo the natural process of heredity
3 evo\m%ﬂm «%eu as ‘;ﬁ? genetic manipulation of crops ¢ livestock

lés“:glg&gior\ﬁ\ brinmngn Soted_un&%erslg their  corresponding Symbols are unique
-Ex:Tre “vermillion” gene in Drosophila is represented by the lettec “v*
while "vg" is the symbol for the “vestigial” gene 3
"WI" is the symbol for the “ventral veins lacking® gene lows

NOTE: Tre Same lefler symbols may represent a different in ancother
organ‘usm. Gene symbols 3 gene names are tupically shown dfalicized fext; but
not always

*The normal, or wild type, form of @ gere is usually symbolized by superscript plus
Sign, "+
-Ex:“at” "b'" etc.it is sometimes abbreviated fo just "+ A forwosd
slash is occasionally used to indicate that the” two symbols ar alleles
of the same gene, on homo\ogous chromoesomes

A fypical mutant form of the gene, of which there can be many, can be

symbolized by o superscript sign -

-Ex:"a@","b™ or sometimes abbreviated to just ‘a* b etc (no superscsipt)
Therefore, if the genofype of a diploid organism is given as at/d,
it means there isa wild type allele 3 Mutant allele of the “o" gene
at the “a* locus. This mag also be abbreviated o +/a.

-In some species of diploids, the dominant allee is ically designated
w/ the up%i%case \eé%r(is), while the fecessive allelég?s gger\ e lowercase
letter(s).

-Ex: Mendels peas — dominant Rough allele is “R", while the recessive
smooth alleles is “C"

INHERITING PARENTAL 3 RECOMRINANT  GAMETES

“If we consider only fwo loci 3 the products of meiosis results in recombination,
then the meiotic Products (gametes) are soid to have a. recombinant genotype
-On. the other hand, if no recombination occuss biw the fwo lod during
meiosis, the cgmd,uds retain thelr origlnal combinations 3 are said o
have non-recombinant, or parental genoctype.

-The abilily to properly identi | 3 fécombinant gametes is essential
to Qpp‘l;srecnr?\bi&ﬁoﬂ 'Iro ex&tm examp\eé. 8 :

-To properly identify recombinant * parental gametes an individual,
nee%+f>er o +hF‘?a genotype of ifgo pareni@?he Pg?(% g
~This is most easily demanstrated in a dinybrid.

If for two geres, one parent has the genotype
b @8 ——— @ |- they can oy produce

Similairly, if they are ﬂ\e@, cnno:lgsi
bl only produce
ak b @b } 1iype%fgame*e

However, if those two (AR % ab) combine, they create
an indvidual (F1) wia genotype writien as Ala B/b.
It con be easier to Keep track of “the parental combinahon%o\’ ﬂ?-me*es
by Y\eepg\ /'Hl;em together when writing the genotype, for this
ex: Ql

*The above dihybrid individual can produce four different gametes:
(OL13)

®ab The parental gametes are those that the individual
from their parents, in this case ; 3
®Ab recombing gaméi'ﬁg are gv'\deﬁg’e"o 'o.n?eco” %\%ﬁ%gﬁon
@R e‘{g‘; happening, resulting in a different combination of
al al

e P has ore v homozygous for both dominant alleles,
m\dﬂem S’\onn)zﬂsoaglE 4%\' both rggessive olleles. o

Note:this witl rot alwags be +he case.ln some Instanes
one +hgon-en'c will be homoz,vgous with one dominant
3 other ( | A{A bibYand the other parent
will be t+he ite ip.la BIB) This sﬂuar‘g will change,
which is the parental 3 recombinant game
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Cont™p... RecoMBINATION & RecomBINATION FREQUENCY
CONT'D INHERITING PRRENTAL 3 RECOMBNHNT GAMETES RecomBINATION FREQUENCY
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Coupuna ¢ Repuision (Cis 3 TRM) CONFIGURATION

*Just by lcoking at an ugm\sm that is heterozygous fwo \oa, u como\- A

fll how the mutand 3 wil alleles are an'anged
could be on one homologou;b%e hromosome, 3 both” wild ‘h\.,pe aue\es g

be on the other Thi
is is Known as
-ex:ah/ATAY coupling (or ions)
configuration.
*When one wild type allele § ore mutant allele ae on one homomous
chromosome, $ +he opposite s on the ofher, this is ¥nown oS
repulsion (or huns)conﬁguro.hor\

-ex:A*b /o B
The o determine the orientation o loo at the parents of that
crbssw%jgou Know +he genotypes of them.
ous for both geneS and one Shows dominant

=If the parents are homo
prenctypes 3 the otner ;?wu.\s both recessive phenotypes, then you Kinow Qb

that tre Individual you are looking at is in coupling conﬁgumﬂon

* iy
-If one parent has one dominant gnd one recessive pheno 3 the
orw\e‘; P?\:s the oppos\fe Hen ¢you vnow the u\duvudt‘za\ l?ﬂ?\ CouPLING REPU"S‘ON
repulsion conty

UnLinked Genes VS ParmiaL LinkaaE IS COMPLETE LINKAGE

-When compari fwo genes, they can be vawying distances apast. INKA
P s e e e e e CQUPLETE, LiNKeieE:
-Tre amount of lmv\oge an beplaced on a sliding scale

Linkage Description Recombination Frequency
Unlinked Approximadely 5O7. or more than 357
Partial linkage More than O7. to 207
Complete linkage O7.
UNUNKED GeNES
‘Unlinked genes appeas fo segregate 3 show independent assortment.
~There will be o mndom 3 even distribution of gamet types, 3 an RF of 0.50 Ab
is the expectation
=This situation occuss in fwo instances: either when +he nes are on completely Ab ‘—7
different chromosomes, or when \-‘neq\ore far eno eaﬂ on sm \e
chromosome that crossover are so™humerous +ha al\e es o® dlS\TI \A
randoml; aB
ow Should

‘Either way, because the alleles are a.ssor’nng independent 1-?
observe dn equal number of recombinant ¥ parental gaoetres, w/ anRF
fear ~0.50 PHRTn‘-\L LlNKﬁGE A

‘It is also possible to obtain recombination frequencies between 07 3 507

Nore: Because of real-life variability +his value can be which is a situation we call incomplete (or partial) linkage

anywhere flom ~OHO to ~O 60O ‘Incomplete lmkage ofcurs wb}%n two lom are locofed on the same
chromosome, b f&dac noug so_that crossovers
occur blw Hnem dun some, but melose

-Genes on the same ciromosome are swd +o be Kce‘ghmc regardless of
whether they are completely or incompletely or uniinked

~Thus all linked genes are syntenic , but nc\- all gyntenic are linked

/ Because the location of crossovers is essentially candom for any given base pairof
ﬁB the chromosome, the ﬁrea*ter the distanee = blw two lodi; + more likelya
crossover will occws bftw +hem
Fuckhermore, loci on the same chromosome, but  sufficiently separated

‘ Qb from ore another, will on overoge have multiple crossovers biw trem,
i they will behave indistinguisnably from physicolly unlinked loci.

aB
be obsesrved, and indicative of loct that are either on sepamte chromosomes,

. aB A recombination frequency of SOv. is thereforr the maximum RF that can
or sufﬁc\e(\’r\\ts seperated on the same chromosome



EXPERIMENTAL  DETERMINATION OF Recomswnnow FREQUENCY

Consider a complete experiment in which our objective is to measue

We reed

at least two alleles for each of 2

“\ga'\s T we must V\Mw
which combinations of alleles were present in pareMuJ gametes

The
w/

Simplest fo do this is o stort w/ pu:e—breem lines
confrashu/\g%\le\e,s ar fwo \oci 9

Ex:Could cross short-tailed (ao),brown mice (RB)w/

long- tailed (AA) , white mice (bb (5)
Tg{‘%s_*gﬁ& = Sh?“' tailed $brown while AAbL are

we Know that the parental gometes = aBor Ab NOT AR or ab
ALL progeny=dinybrids (AaBb)

We DONOT Know ot this point if the Z loci are on different

chromosomes of are on ¥he same Cnhromosomes
of how close they are H\g\m

We can then Infer unambiguously ?enzmiﬁ of the gametes produced b? the
dihybrid individual, and +herefore colcu mcombmorhon frequency bl

these

two loci

Tail Fur # of W Genoi]-gpe of F2 | (Parental or
Phenatype | Phenotype | POgENY Dingorid | from Test Cross | (Riecombicant
Short Brown 43 aB aaBb P
Long White a2 Ab Aabb p
Short Brown 13 ab aabb R
Long Whike 7 A PaBb R
RF = # recombinant offspring
Total offspring
13+ 17
RF = Tevme13+ 17

=025

p

aaBB l AAbb

AaBb | aabb
F, %‘ @ @
0aBb Aabb AaBb mbb

The recombination events that may be detected will occur dusing meiosis in Hhe
dihybrid individual

IF the loci are completel cHally linked rior fo meiosis, alleles aB
will e \omted on ohe c romo@vxe i_salllé\\e& Po WI\P\)E on Hhe other chromosome.
These are the parental etes based on our Wnowledge of the of the
gametes +hat gcnoduce %v?g dihybrid. J genotypes

Thus, recombinant gametes produced by +he dinybrid will have the genotypes

AR or ab

Now that we have identified the parental 3 recombinant gametes, how do
determine the genotype of the gamefes produced by the dihybrid mduvndual’
The most practical method is to use a fest cross in other words, o mate
AaBb to an individual w/ only recessive alleles at both loci (aabb)
This will give a diffefent phenotype in the second gereration for each
of the four possitle combinations oF allels in the gametes of the dihybrid

AR | Ab | aB | ab

Aa Aa aa aa

Ob | Bb |bb | Bb | bb
Long Long Short | Short

U Brown | white | Brown | White

IR [P PR




