CHAPTER || ~ RecomsinaTioN Mapping oF Gene Loc

INTRODUCTIONS
-Genetic mapping = linkage mappi
-supplies gene(f\?cisw‘s w?e ﬁmaggiggnce that a trait or disease which is passed
from one” gen 1o the rext is linked to one or more genes.
-Genetic maps also provide information regarding which chromosome
contoins the gene in question i where the gere lies on that chromosome
‘We will examine Use of RF dafa to construct genetic maps
*Discuss the limitafions of this technique (based on events during meiosis)

*2. loci could show
-independent assortment (untinked, RF~507)
-parhal linkage (RF<~357.)
-Lintied =2 genes on same chromasome (syntenic)
‘Unlinked = Gepes are far apart on same Chromosome /different
chromosomes non-sgntel\ic?
*We will learn how to: )
-Construct genetic map using 2 pt 3 3 pt crosses

GeNeTIC MAPPING

A genetic map (Tecombination map) is o representation of +he linear ordar
of (or loci) 3 their relative distances determired by crossover Frequengy
abhg a chromosome.

The fact that such linear maps can be mads supports the concept of

es being arranged in a fixed, lineas order along a single duplx
%%?)Nﬁ Egseod\’\ghmmosone J ngle cpt

We can use recombination uencies fp produce genetic maps of all the loci
along each chromosome %’ umatels N e who\e%eﬂome o
ChLcucAting Map DISTANCES:

-Combine the concepts of lir\\ﬁage 3 caleulating RF 1o construct genetic maps
ahows the relative loaation of Z or more ic traits
~Usually we analyze the offspring in @ padiculas cross i fracks how many
tives 2 given genetic traits ae inherited ’rbgei-her
Lex:eye color ¥ Wing shape.
-The highet the . of progen that inherit both traits together, the closec
the geres responsible foth& traits on the thromosome.
* Genetic maps=Based on fates of reombination

The unifs of ic_distance = map units (M)
or  centiMorgans (cM)

RF of fwo loci convected into cM
RF in v is ~the same as map distance in cM
Imu = 7. Recombinance rate

- womu
| | |

< 8mu
A B C

Genetic distances measured w/  recombination rates are olss approximately additive
Tre distane blw gene A to Bis ¥ mu 3 from B1oC is 12 mu

Therefore, Hhe distane blw A 3 Cis 20 mu 3 gene B is located blw
genes A 2 C

Nore: This optroximad'ian works well only for small distances (RF <307) but progressi
af

fail longer distances. is, bl two loci get farther 4 the
rg:zsd\es a %\ax at S07 -‘i‘;l%sel"& %nﬁsﬂ"mo lgg geso(ﬁ%ns if\d@\d&vﬂs
(oot linke)

In fact some chromosomes are >100cM long but such loci at the tips only have an
RF of BO.

Ca\w\aﬁhg_i'm map dijstance of WHOLE chomosome of over SOcM comes from
NPP‘%A multiple i°°‘ d|spers2¢\:1e along +e Chromosome, each wla Value of 1e8s
than 807, with Their total addi

the walue of SO
The method for mapping of bng chromosomes is described next
Note: The map distance of 2 lod done doesnt tell us anything about +he
orientation of these loci relative fo other feotures, such as @nttomess or
telomers on the chromosome

GENETIC MAPS ARE AN APPROXIMATION
* Genefic maps are useful for Showing the order of loci along a chromesore
but the distanees are only a relative opproximation.
* Correlation blw KRE 3 actual chromosomal distance is more accusote for
short distances (VRF) than long distonces.
~Observed RF bw 2 relaﬁve};\ distant markets tend to undestimate
+he actual number of crossovess that occured.

~This is blc as distarce blw loci increases +he possibility of o
second crossover ocauring increases blw the loci

* Poblem b/c double -crossovers produce gametes w/ the same geno
as if no recombination events v'\)appened 3 genotypes

* Hove porental genotypes so appear as parental 3 arent counted as recombinant

* Specific mathemafical formuloe can be adjusted for this 3 better
estimates can be made

Genetc Map Based on RF in Drosophila
MUTANT WILD TVPE
Short aristoe o Long aristoe
Black body 485 Grey body
Cinnabar eyes 573 Red  eyes
\estigial  wings 55 Notmal - wings
Brown eyes ou.s Red eyes
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AP DiSTANCES OVER LonG CHROMOSOMES

* Map distances are alwaq_shecalwlated for one pair of loci at atime.
=Howevet, by combint results of multiple paifwise calculations,

a. geneficTmapof manu loci on a chrgmow can be uced

* A genetic mop shows mop distance, in ¢ ' sepal any 2
loc i the position of these loci relafive to all ather mapped loci.

*The genefic map distance is roughly proportional o the physiadl distance
~Ex:The amount of DNA blw 2 loci
- Ex:Arabidopsis, 1.0 cM cofresponds o approximately 150,000 bp

3 confains ~50 genes

Exact # vacies w/ organism ¥ chromosomal position
* Crossover hot spofs — Areas w/ higher rates of recombination than othec

OF|
Lacge cegions of heterochromatia = lr:&\)e? \'%).‘sesw/

of recombination
* When a nowel gene ot locus is identified by mutation or polymorphism, crossing

it in w/ previously mapped genes, and then colculating RF can
determine it ~position on a chromosome

: \Asin%novel ene i alread m%__ped enes show complete or pactial linkage
e

w/ ‘an exishng locus, indicate tHhe ~ position of the novel
gene wlin the’ genefic map.  Map- based cloning

Benefits of Genetic Maps
@ Track genes/o.(\eles when breed‘mg crops 3 animals
@n studying evolutonory relationships blw species
®ln dei'e(min‘ms the causes § individual susceptibilify
of some human diseases

A 8 C A_B

A_B8_C A B8 c
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a b ¢ a b a b ¢ a b C
No crossover Rarental Tgpes iﬁ""b?&"sﬁg Singl?ﬂd Crossover
A 8 C A b ¢ A B8 C A b C
X — XX —
a b ¢ a 8 C a b ¢ a B ¢
gxg\eb?g%i?% Sing\ercrosmu‘ Double crossing Double crossover

ypes over biw AT Types



Two PONT

ser\s oF"res’r crosses

THree Point CRosses

%usmg e info obi-ained theou h a

e K, 0

i cn rsof i .
goé‘& dffereaf Pa\r oth;Jﬁz‘ we oac m\g&mm Gere loci RFC2)
qir 30
Two Pont Crosses qis 50
With Independent assoctment — RF = 50 -
-Genes q * r are eitrer located on d-frerent chromosorves /are \ERY [q % t 50
distant From each ofher on the same chromosome f is 20
LyBelong fo different linkiage groups Pa— o
-Genes q 3 S are also in dilf linkage groups
-Genes 38 RF =207 S0 =20mu = linked | Linkage
Limeans these genes are seperated by 20 mu T Group 1
—@enes rit RF =10/ s0 = 10 mu 9
LTo see if its lOmu o the left/right of ¢ look @ distance
g—t
LyIF 4o +he left then sum distance = 20mu +1I0mu=30mM.u 1 1 1 Linkage
) le—20mu—- | Group 3
SIF to the ight of gene [ then the distonce blw +-3 bt s
will dbe, le 20mu-l0mu =10m.u “womu’
‘Fom the data we K +hat —t =287
-t lies $0a+he |eﬂ—n<o>"f? ot RF blw s—t 8 0mu 3
THRee Powt Crosses R
« Useful for mopping location of a new mutation relative o 2 mapped
locis \ocation
—Pure breeding lines w/ contrasting genchypes are crossed = heterozygous
or 3 loci
LsTrinyorid is then fest crossed w/ fester homozygous recessive
fo \
E&Hﬁn snescombmahor\ frequency blw each paif of genes F
L Punnet squace it to prechd- possible outcomes |
-EFﬁce{\’r ggg‘l-\podd%fa mapmg 3 e{\‘e_r::Al \oj} on\'sé:é: e'l'hnee point coss C
c
}'er ned in a s neeé,ross exper\ﬂl\\cl\ g o genes AaBbCe oabbcc
Tnhgbnd x fester = € different gometes = { different phenctype combkos
Next step—>I|dentify olleles as recombinaot or paremnl ametes
-Compare only 2 “loci at one time to porental ga
-Ex: Pasents of Trihybrid=A/A, blb, CIC § aJa, B/B, cl D @
“Rarental gametes =aBe § ALC
-By comparing gou releave tnem as either recombinant or parental aaBbCc Aabblc AoBbCe aabb Ce
(+16+1241) _ 30 _ .
loci A,B— RF_T‘TO‘ZS/ FZ
: 120 120
aaBbcc RaBbcc aabbce
loci®,C- RF = W = ﬂ = 327. (not corrected for double crossowers) Aabbee
-0Once classes of pro are IO, RF can be caleuloted
for each poic of loci fnditiduall ? P2 PL
-Use these numbers to build the map, placing the loci w/ the largest 5\ aBC | AbC | abC | ABC| aBe | Abc | abc | ABC
R¥F on the ends aa Aa | aa Aa | aa Aa [ aa | Aa
abc |[Bb [ bb [ bb | Bo | Bb | bb | bb [ Bb
NoTE* Sum of distaNces b A-B 3 A-C (10% + 257 =35%) is less +han +he Cc fCc | Ce | Cecc | cejec |ec
distance calculated for B-C (327.) §§" Short il [og ol [Short fail | Loog fail fshort il fLong il Short il Lo fal
q.f Long whis | Long whis |Long whis | Long whis [ Short whis [Shart whis |Short whis |Short whis
) c00en! Gaomete from Genotype of F2 . . )
Tail Phenotype Fur Phenotype |Whisher Phenotype # ?\Ff‘g% 9 Trinybrid foom test cross Lloci B | Loci AC | Loci B,C
Short Brown Long 5 aBC aaBbCc P R R
Long White Long 38 AbC (P2) AabbCc P P P
Short White Long | abc aabbCc R R P
Long Brown Long lb ABC AaBbCc R P R
Short Brown Short 42, aBc (P aaBbcc P P P
Long White Short 5 Abc Aabbcc P R R
Short White Short 2 abc aabbcc R P R
Long Brown Short [ ARc AaBbee R R P
ﬁo*wéededoub\e crossover events may NOT be
B ac We deduce that the ower must be BAC or CABR eEX Crossover bl
1 - IF we incuded the double recombinant classes (@Bc 3 abC) AR
STBM e (multiplied b.“S 2) the calculation of RF b AicC
(5+ 16+ 124 sfzcmzm 47_ — corcected for Parental gametes (AbC % aBc) arethe result of no
< 32cM 7 loci B,C—RF = B < CoSSOVer. t;ro.ssovecs3 or double cmssove?s blw 2 alleles
All 3 loct are linked = frequency expected o be relatively high
3 point crosses useful for: Recombinant gamest are the result of | crossover
T 1 T © bdetermining the order of 3 loci relative to each other blw 2 alleles
cA B8 @ Coleulating map distances blw  the loci "_2BC Single crossovers = More_common BUT more likel blw
<oom 25¢M ® Deiechng some of the double crossover events that -Abc Rg,\ﬁ& 33 C(‘Lsc\c(;AEM%re Farther
dsm otherwise leadto an underestimation of map -ARC
! nee
< 3d2ch 7 we(}ewmb\mm Qametes



Contp... Two Por ¢ ThRee Point CRosses

CONT'D.. THREE Powt CRosseS
If all 3 genes are_unlinked, then we expect independent assortment 3
an equal “number of all progeny types

- Recombinant gel hat are a result of +wo recombination events
wil\ be roue5 Potgpes ‘

- pumber will be diferent iF all the linked genes are  equa) distances
Ffrom each other, or if one pair is more linked than +he other
-lo the case where fwo genes are linked 3 one gene is unlinke the
llowing applies
-fs in the example before, we will use the same parental gametes
(AbC § aBC) but will assume the genes A 5 C are lisked 3 B
is unlinked

-Linkage causes a higher previane of parental  gametes, we expect
there fo be more parental organization of A ?% and fewer
recombinant organizations of A3 C

—Presence /Absence of parental B is NOT important here bic
it is unlinked 3 will assort independently

‘Recombinant gametes that are +he result of double crossover events (ABc 3 abC)
*Double crossovers biw 3 linked genes like this is rare, so we dont expect fo see
many offspring from these recombination gametes

A3 C have a stongrr linkage than A ¢ B

COINCIDENCE ¢ INTERFERANCE

*Map distance tells ut about
-Relative distance blw genes

- Proportion recombinant i non-recombinant gpmetes produced in o cross
-Double crossovers=underestimation of map distance

* Theoreticall mlculqﬁﬁuﬂe proportion of double fecombinant gametes using the

rue of oability (Multiplication) 3 then i is +nheoreti ili
numboec of proget%,we ugo‘uld the expedq\e%hggogh asouble mcgls&gha %‘h +§e fofal

*In reality much less observed in the progeny produced.

=This is blc +he colculated number assumes crossover is independent of
each other.

—Crossovels are  NOV indeﬁndem— one crossover m?éj inhibit other crossover

in the nearby vicinity on the chromosome so double’ crossovers become  less
frequent than ex d

*The term interference is used Yo describ degree 1o which one
cxossgver interferes u;l other cxossoverse‘m%e ion of the chromosome in
question.

We are able fo calaulate the interference using the formula:
|nterference = | —coefficient of colncidence

Calculate the coefficent oF confidence next:

. . # oF observed double crossovers
t = _OF obsefved Qouble COSSOVErS
Coefficient of coincidence F o expected @ ‘e C oS

a c
1 ]

T 1

b A o} b A C
#of #of
gamete gamete
progeny progeny
aBC 5 Abc 5
B a c B a c
L L | —l
1 | 1 T 1 1
b A C b A Cc
gamete # of gamete # of
progeny progeny
ABC 16 abc 12
B a c B a c

gamete

#of
progeny

gamete

ABc

1

abC




