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Maps with different information

Terrain Satellite Roads and cities
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Genetic mapping overview

* Linkage maps are based on chromosome recombination during
meiosis

= Only genetically variable (heterozygous) regions can be tracked
— That is, only polymorphic markers are informative

= Map distance (measured by Recombination Frequency (RF)) is ~
proportional to physical distance

= Recombination is estimated statistically
— With increasing distance (and RF), estimation errors increase
— Mapping functions statistically adjust for sources of error

= Prediction: Using the allelic state at one locus, we can predict the
allelic state at a neighboring locus (if in LD!)
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How to build linkage maps

» |dentify an appropriate mapping population

= Develop a sufficient number of genetic markers and obtain
segregation data, based on those markers, for the mapping
population

= Conduct linkage analyses
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Overview of melosis
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Figure Credit: White, T. L, W. T. Adams, and D. B. Neale. 2007. Forest genetics. CAB International, Wallingford, United Kingdom. Used with permission.
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Parental and recombinant chromosomes

G @IE» 49 nonrecombinant
G @D /9 nonrecombinant

49 meioses with
no crossover

G @D 40 nonrecombinant
G @I 49 nonrecombinant

G @IS 1 nonrecombinant
@ @IS 1 recombinant

1 meioses with
a single crossover

G @D 1 recombinant
G @R 1 nonrecombinant

1+1 2
49+49+49+49+1+1+1+1 200

Frequency of recombination: r=

= 1 percent = 1 mapunit = 1cm

Figure Credit: Modified from Hartl and Jones. 2006.
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Mapping functions: Recombination
frequency and map distance

= When RF is small (= 15%), RF~cM
= When RF is larger (>15%), then cM = RF

= Most mapping software includes map function adjustments

Mapping Functions
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Figure Credit: David Harry, Oregon State University
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Types of mapping populations

= Haploid conifer megagametophyte maps

= Full-sib pedigree maps (from controlled crosses)

— Back-cross maps (particularly useful with inbred lines)
— F, test cross

— F, cross
— Intercross

WWW.pinegenome.org/ctgn
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Building a map with linkage analysis

Observed Expected

s r o Genotype(s) (0) (e) (0-e)2/e
X FF 90 40 62.5
FS 3 40 34.2
R G SF 4 40 32.4
l Meiosis and gamete formation o 63 40 18:2
M)
Got-1-F Got-1-F Got-1-S | | Got-1-s Total 160 160 2.8
Gpi-2-F Gpi-2-S Gpi-2-F | Gpi-2:S | r = # recombinants/ N
"FF" "FS" "SF" "SS"
Parental Recombinant Recombinant Parental r= 7/160 — 0043 (t|ght|y ||nked)

Figure Credit: Modified from Guries et al., 1978
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Early maps derived from megagametophytes
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|GOT-1 ADH-2 LAP-2 GOT-2 SoD-4 GOT-1 DIA-3 EST-4 LAP-2
| PER-2 EST-4 PER-2 ADH-1 G6PD-2 | GOT-2
PGI-2 lGGPD—2 i PGI-2 ADH-2
LY I 7sJuosff vz | s | A T I N
124 L25 24 45 23 14
CAT-1 EST-1 | ALAP-1 DIA-2
ACPH-1 EST-1 ACPH-2

ACPH-2

ALAP-1 ‘ DIA-1
B A B I I 2 | 2
3.0 2.1

|FLEST LAP-1 FLEST LAP-1
G6PD-1 'IDH G6PD-1 | IDH
(S | |AO
D —— D | i | —
28
ACPH3  GOT3 ACPH-3
ALD-

ALD-1
o

E I U

Figure Credit: Modified from Conkle, 1979
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BC mapping population
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Figure Credit: Modified from David Neale, University of California, Davis
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Figure Credit: Modified from David Neale, University of California at Davis
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Intercross mapping population

= The number of haplotypes
(markers) in the population

varies across the genome f]t 11 11 IJLF

= Some loci will have 4

Eglp())lg)ypes (shown here by 4 11 II

Progeny

44
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I
!

= Other loci will have 3, 2, or 1
haplotype(s), depending on
the genotypes of the

i
grandparents. These other %1 f[ Ijr‘ 1[
T

1 s

possibilities are not shown on ]
this slide

Figure Credit: Modified from David Neale, University of California at Davis
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How large should a mapping population be?

The answer depends on your objectives

= Gene order / synteny
= Genetic architecture/ QTL
= Map-based cloning of candidate genes

= Cost/resources

WWW.pinegenome.org/ctgn



http://www.pinegenome.org/ctgn

Summarizing mapping populations

= Genetic mapping infers recombination in the parents (during
gametogenesis) by observing parental and recombinant
chromosomes in offspring

= BC, F,, and intercross mapping populations differ in amount of
genetic variation in founder parents and grandparents

— BC and F, populations are common in inbred crops and model
organisms

— Intercross populations tend to be more common in outbred organisms,
such as most forest trees

= Mapping populations also differ in how genetic variation is tracked
— Variation and phase in genetic markers (and other genes, QTL)
— Linkage disequilibrium within and among families (to be discussed later)
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Mapping software: Basic tasks

1. Group markers. Use all 2. Determine order. Begin with
pairwise estimates of RF. smallest RF, and add in other
RF ~ 0.5 means unlinked markers so as to minimize total size

a -

A
b 0.1 0.2 °
C = B .
d|O. 5 05 - e 0.2 0.2
e|Q5 05 05,04 - .
f @ 05 05\02 02/- E

Each cell reports the frequency of
recombinant gametes

Figure Credits: David Neale, University of California, Davis
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Markers: What type and how many

= That depends! (Are you surprised?)
— Map purpose
— Resources available
— Genotyping platform

= Considerations
— Dominant vs. co-dominant
— Bi-allelic vs. multi-allelic
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From markers to maps

= An example from Douglas-fir

Fig. 5 Southern blots hybridized 1 2 3 4 5 6 7 1 23456 78910111213 141516 1718 19 202122 23 24 25
with RFLP probe PmIFG_1490. '
a Parent/grandparent blot. Lane
!/ 1-kb ladder, /lane 2 maternal
grandmother, /ane 3 maternal
grandfather, lane 4 mother,

lane 5 father, lane 6 paternal
grandmother, lane 7 paternal
grandfather. b Progeny blot.
Lane 1 1-kb ladder, lanes 2-24
progeny. The transmission of
parental genotypes (23 x 14)
resulted in segregation of

four genotypes in the progeny
(12, 34, 13, 24)

Figure Credit: Modified from Jermstad et al., 1998
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A sex-averaged linkage map of Douglas-fir
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Figure Credit: Modified from Jermstad et al, 1998; http://dendrome.ucdavis.edu/treegenes/
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Adding sequenced-based markers

Figure Credits: Andrew Eckert, University of California, Davis
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Linkage relationships: A new perspective
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Syntenic linkage group #6 In five pine

species
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Syntenic linkage group #6 In three species
from different genera
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An annotated map for Castanea mollissima

Figure Credit: Tom Kubisiak, United States Forest Service

WWW.pinegenome.org/ctgn



http://www.pinegenome.org/ctgn

Candidate defense: Response genes in

chestnut
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Sequenced “scaffolds” aligned with Populus

linkage groups
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Duplicated segments in Populus

* This diagram reveals that Populus is an ancient polyploid whose
genome has been extensively rearranged

»= Colored bands show duplicated segments across chromosomes
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Figure Credi@ﬁ%ﬂu&k&n%t al., 2006. Science 313:1596-1604 Figure 2. Reprinted with permission from AAAS.
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QTL for spring cold hardiness in Douglas-fir
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Cohort 1

Cohort 2

|

Genetic markers mapped onto linkage group 1
reveal QTL (colored boxes) associated with cold
hardiness traits

Genes mapped to these areas (positional
candidate genes) are shown in blue boxes

_ Spring cold hardiness (buds)
; Spring cold hardiness (stem)

| | Spring cold hardiness (needles)

EF-1 (translation elongation factor-1); Cold induced

CABBP-1 (chlorophyll a/b-binding protein type 1); Regulated by water deficit
DER1-like (degradation of misfolded proteins); Possibly cold induced
CABBP-2 (chlorophyll a/b-binding protein type 2); Regulated by water deficit

Figure Credit: Modified from Wheeler et al., 2005
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Summary: Large-scale mapping

= Basic mapping steps are straightforward

= Specifics of mapping process can be much more involved
= Markers vary in information content

= Variation among parental chromosomes

= Combining information from different chromosomes

= Total map distance grows as marker density increases

= Map resolution depends on sample size
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