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overview
• picture = 1000 words
• examining your data

– stemleaf, hist, boxplot
– scatter plots with annotation
– counts

• using graphs as a formal statistical tools
– plot.pxg and t-test
– interaction plot and anova
– regression and ancova
– diagnostics 

• gene mapping 
– 1-D genome scan (LOD map)
– 2-D scan (color vs. BW)
– testing or estimation or model selection?

• microarray experiments
– design for single spot (mRNA or cDNA or …)
– thinking across all spots
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picture = 1000 words?
(Tom Osborn’s B. napus linkage map)

1. wg1h4c wg1g5c tg5e11b E35M47.262 tg6c3a E32M48.249 E33M50.252 E35M48.120 
ec5d5 wg1g10a E33M48.369 E33M50.451 tg1f8 wg7b6a isoACO ec4f1

2. ec2e5a E33M49.117 ec3b12 wg2d11b wg1g8a E32M49.73 wg3g11 ec3a8 wg7f3a 
E33M59.59 E35M62.117 wg6b10 wg8g1b wg5a5 tg6a12 Aca1 E38M50.133 
E35M59.117 ec2d1a wg1a10 tg2h10b tg2f12

3. E33M49.491 E38M62.229 wg1g10b ec4h7 wg4d10 E32M50.409 E38M50.159
E33M47.338 ec2d8a E33M49.165 wg4f4c E35M48.148 wg6c6 ec4g7b wg7a11 
wg5b1a ec4e7a E32M61.218 wg4a4b E33M50.183 E33M62.140 wg9c7 wg6b2 
E33M49.211 wg2e12b isoIdh wg3f7c

4. ec3b4 E33M62.206 wg5b2 E32M59.302 wg6a12 wg4d7c ec4c5b E32M61.166 
E32M47.136 E32M62.107 wg6f10 ec5e12c 

5. E38M62.358 E35M62.256 ec5a7b wg3c9 E33M47.154 E35M59.581 E32M47.460 
ec4g7a ec6b2 E35M62.111 wg1g6 E35M62.201 ec4c5a ec5a7a wg1h5 wg6a10 
E33M50.120 ec4e8 

6. E33M48.191 E32M47.168 E35M62.225 E35M62.340 wg1g8c E32M62.75 
E32M49.473 E32M59.330 wg7e10 wg6h1b wg2c1 tg5h12 wg3b6 wg7d9a wg1g3b 

7. wg7h2 wg9d5 E32M59.359 E33M59.353 E32M61.137 ec3h4 wg8g3 wg2a11 tg2b4 
E35M47.367 ec2e4b E32M47.512 ec2h2a Lem tg5d9a wg7f5a wg5a1a ec3e12a 

8. wg4b6b wg6g9 E33M59.147 eru1 ec4h3 E33M62.99 E38M50.157 wg6d9 
9. E33M60.50 wg4h5a wg3h8 ec3d3a ec2c7 wg4d11 tg1h12 ec2e5b 
10. E38M62.461 wg3f7a E35M60.312 E38M62.189 tg3c1 ec3d3b E33M49.175 

E33M48.268 E35M62.80 E35M48.143 wg1g4a E33M47.182b E38M50.119 wg7b3 
E33M59.64 ec3g3c ec2h2b E32M48.212 

11. wg1g5b tg6c3b ec5a1 wg6f3 E32M62.115 E33M62.250 E32M62.186 wg2b7 wg8h5 
wg3h4 

12. tg2h10a tg5e11a E32M50.90 ec2d1b E32M50.77 wg1g4c wg8g1a wg2c3 wg7f3b 
wg4h1 ec4e7b wg5a6 ec2c12 wg2d11a ec2e12a wg7a8a 

13. isoLap E33M62.176 E35M48.84 E33M49.293 E35M62.136 eru2 E38M50.186 ec4f11 
E32M50.252 E32M59.107 wg1g8b wg2g9 E33M50.282 E35M48.123 wg1e3 wg6d6 
wg4f4a ec5c4 E35M48.198 E35M62.135 wg1a4 ec2e12b wg3h6 wg4d5a wg5b1b 
E33M61.54 ec3d2 E32M48.191 E33M59.333 wg6e3b ec4d11 E32M59.88 ec4g4 
wg1g4b ec3g12 ec3g3a 

14. wg9f2 E35M62.222 wg4a4a E33M59.234 E33M61.84 wg4d7b ec5e12b ec4c11 
wg6e3a E32M48.69 ec3b2b E32M47.186 ec4d9 wg4d5c E33M48.67 E35M60.329 
wg1h4b 

15. E38M62.188 E32M50.261 E33M50.118 wg1g3a E35M60.230 wg6a11 wg6h1a
E32M62.241 E32M47.288 E33M48.316 E33M59.225 ec2e4c 

16. ec3e12b wg5a1b wg2a3c ec5e12a wg7f5b E32M47.159 tg5d9b slg6 E35M59.85 
17. ec2d8b E35M62.132 E35M47.337 E35M47.257 wg9e9 ec2b3 E33M60.229 

E32M50.325 wg6c1 ec3b2a E35M47.170 wg2d5a E33M60.120 E33M47.115 
wg1g10c 

18. E33M62.130 E32M47.344 E32M50.255 wg3g9 E32M50.424 pr2 tg5b2 E33M59.165 
E35M60.125 E33M62.196 

19. ec2h2c wg3f7b ec3f1 E35M60.107 wg1g2 E33M48.346 E33M50.371 E33M47.138 
tg4d2b E32M62.394 E33M47.189 E32M49.409 wg7b6b 
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counts: recombination

Stellar on marker 1

Stellar on
marker 2

Major on marker 1
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marker 2

pie chart: are the markers linked?
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counts: recombination
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pie chart: are the markers linked?
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counts: recombination
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counts: recombination
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counts: recombination
ec2d1a

E33M59.59 M  S 
M 24 17
S 34 29

r = 51/104 
= 0.494

LOD = 0.00268
(unlinked)
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recomb
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flowering time: stem-leaf plots
(Ferreira et al. 1995)

4-week
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never flowered

flowering time (days) for Major type plants
(based on marker E33M59.59 on chr2)
under 4- or 8-week vernalization
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histogram summaries
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side-by-side histograms
(colors, background, grid lines, group order)
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3-D histograms
(group order, grid lines, view angle)
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3-D histograms
(another view angle)
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3-D ribbon plot
(group order, view angle)

2.
5

12
.5

22
.5

32
.5

42
.5

52
.5

62
.5

72
.5

82
.5

92
.5

m4

s8

0

5

10

15

20

25

m4
s4
m8
s8

sun 18 jul 2004 ASHS 2004 © Brian S. Yandell 16

polygon histograms
(colors, background, grid lines)
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boxplot

histogram shows 
most of the data 
and broad shape, 
but takes up a lot 
of space

boxplot shows key 
features 
(summaries) of 
shape, hiding most 
of the data

median

whiskerwhisker outliersquartiles

8-week Stellar
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boxplot vs. all data
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boxplot for n = 5!
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box plots show skew in days
but hide details (gap to no flowering) 
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jittered plot of data by group
(add small noise to x axis; lines for medians)
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box plots on log scale
show symmetric, but still hide details
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jittered plots of log days
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phenotype by locus genotype

mean +/- SE

red circles for
imputed genotypes
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2 very significant QTL (p < 0.0001)
modest evidence for epistasis (p = 0.03)
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interaction plot

shows phenotype vs.
two factors
(genetic markers)

includes SE spread
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Interaction plot for ACCCAC112Q and Y2mark
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highly skewed data with zeroes
(plot on log scale; add half the min; axis in units)
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annotated scatter plots
can show relationships
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plot pairs
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regression lines
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regression
diagnostics
for MMs

large resids
ind 2,61,80

hi influence
ind 23,61,81  
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design: what’s going on?

• 2 biological reps (whole plant tissue)
– 2 bioreps per day? (6 bioreps) or 2 bioreps total?

• 3 days (0,1,2)
– independent samples or repeated measurements

• 2 technical reps on each day 
– also known as sub-samples or pseudo-replicates

tech 1 tech 2

bio 1 bio 2

tech 1 tech 2

day 0

tech 1 tech 2

bio 1 bio 2

tech 1 tech

day 2

tech 1 tech 2

bio 1 bio 2

tech 1 tech 2

day 1
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design: repeated measures
• repeated measures on 

each biological rep
• measurements may be 

correlated over days
day 2

bio 2

tech 1 tech 2

day 0

day 1

tech 1 tech 2tech 1 tech 2

bio 1

. . .

day 0
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design: pseudo-replication
• repeated measures on 

each technical rep
• does NOT double 

replicates over time!

day 2day 1

bio 1

day 0

tech 1

tech 2

day 2day 1day 0

bio 2

. . .
tech 2

tech 1
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design: independent samples
• 2 biological reps 

(whole plant tissue)
• independent 

samples from each 
biorep over 3 days

• 2 technical reps 
(subsamples or 
pseudoreps) on 
each day 

day 2

bio 2

tech 1 tech 2

day 0 day 1

tech 1 tech 2tech 1 tech 2

bio 1

. . .
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one trait (gene expression)
color/symbol = biorep

technical reps
aligned vertically

smooth parallel lines
show average day trend

p-value for days is small
p < 0.00001
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microarray studies
• experimental design & analysis per entry

– spot reference vs. general design concepts
– field plots on a smaller scale
– multiple measurements for same experiment

• 1000s rather than 10s
• combining information across entries (variance estimation)
• multiple testing takes on new meaning

• finding key results
– shades of gray (grey?)
– p-value and q-value ideas
– what is your goal? follow-up studies?

• confirmation: true positives
• biochemical pathway studies (KOs, genetics, etc.)
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many p-values1500 genes
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day effect
small p = large 

day effect

flat histogram 
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QTL studies

• map information
– linkage map (shown earlier)
– missing data and genotypes

• phenotype information
– histograms (shown earlier)
– phenotype x genotype plots (shown earlier)
– LOD plots: 1D and 2D
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missing genotype data
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black = missing
gray = dominant
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note many dominant
markers but no pattern
to missing data
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missing genotype data
black = missing
gray = dominant
white = codominant

detailed view of chr 8,
individuals 90:110
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1-QTL scan
(tall is good; small may still be interesting)
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1-QTL scan
(model is too simple: misses multiple QTL)
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2-QTLs and flowering time
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2-QTLs and flowering time
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