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Readings

- Required: Aguileta et al., 2004. JME 59:177.

- Optional: Gonzalez et al., 2005. Science 307:1434.
+ Genome Sciences seminar oh gene duplication

- Wednesday 3/9, 3:30 in Hitchcock 132

Final exam question on gene duplication materiall
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Overview

* Mechanisms and frequency of gene
duplication

- Fate of duplicate genes

- Evolution duplicate genes
- example of B-globin genes

Three Classes of Gene Duplication

1. Individual Gene Duplication
Duplication of an individual gene
2. Segmental Gene Duplications
Duplication of portions of chromosomes
3. Chromosomal or Whole Genome Duplications

Duplication of entire individial chromosomes (aneuploidy) or
the entire set of chromosomes (polyploidy)

1. Individual Gene Duplications

Most commonly result of unequal crossing over
between two chromosomes (sister chromatids or
homologous chromosomes)
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2. Segmental Gene Duplication

Result of transposition of segments of a chromosome
(1 to >200 kb) within the chromosome or to other

chromosomes
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3. Changes in Ploidy

Result of incomplete partitioning of chromosomes
during cell division -- may be partial (aneuploidy)
or involve the entire chromosome complement
(polyploidy)
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Modified from Griffiths et al., 2000. An Introduction to Genetic Analysis. Fig. 18-16

Identifying Duplicate Genes

Sequence, genhe structure, physical proximity
— ——
Phylogenetic Analyses

Gene Duplication is Frequent...... loss of
Duplicates Frequent, too!
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~ 1% of organism's genes duplicated per 1 My
1/2-life of paralogs ~ 2-7 My
-may be much longer for polyploid paralogs (~ 23 My)?

Two Possible Fates for Paralogs....... several
different mechanisms
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Summary to Here.......
+ Gene duplication is common via several
mechanisms
* Majority of duplicates rapidly lost
* What about retained duplicates?
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Aguileta et al., 2004. i
JME 59:177. 25l Table 1. Parameter stimates and ikelhood scores in separate analyses of the f v- and i-globin genes under ste-speciic models
Model Parameter estimate(s) ‘
1. Neufunctionalization MO (one-ratio)
: w=02 ~1676.08
Y w026 160976
Adaptive evolution et w=o017 21378
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following gene : 3 (= 00 fo = 0.60, 1 = 1), i = 040) -162100
duplication (dN/dS or : ¥ (@ = 0. /o 7. (e = 1), (i = 043) ~1598.16
e € (@0 = 0, fo = 0.54, (@1 = 1), (/i = 046) -2145.53
> 1) i M2 sclction
B (e = 0), fo = 0.60, (@, = ~1617.42
v (@ = 0, fy = 0.52, (@; = -1592.80
& (g = 0), fo = 0.33, (@ = =2100.22
M3 diserete
i3 3 oy = 0.02, fo = 0.65, 0, = 0.57, f; = 026, ~1608.57
2. Subfunctionalization i ¥ @y = 0001, fo = 0.52, oy = 0427, = 0.18. 1592380
H & oy = 0.04, o = 066, 0n = 0.27,/; = 0, ~2099.60
: M7 beta
Purifyi i B p =001 =029 161260
ur fy‘ng selection 3oy v P =023 g = 055 ~159331
following gene ! . -0y -1 oy
icati g MS beta and o
duplication (dN/dS or o ; " I
<1y ¥ -159279
1 € ~2099.67
“Tale 3, Masimum ikelibood ssimate of  raios under brnchspcic models and Hsihood o test saits when the model i
compired with the all mode MO (e oy
At mode [——— = ar e
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“Table 4. Parameer esimates and log-ikelinoad scores for the -globin genc under different stes and branch-sic models
Model » Paramete estimates Positve slction £
Sttespectic models
MI (neutral) I (me No =3170.38°
M3 (discretedK = 2) 3 an = 0.06, fo No =3094.02°
Brancheite models
Model A 3 (= 0L fo= 085 (0 = D = 0440 =01 Yes ~3151.80:
Model B 5w = 0054 = 060w = 063, fi = 022 an s = 019 Yes 30846
Note. pis the mumber of purameters in the o rato distibution. The forcground branch i the branch-it models i the branch lading (o

simian primates.




