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Genetic methods and morphology

What is the genetic basis of a morphological trait?
(quantitative trait loci = QTL)

Trait variation in time (phylogenesis)
Trait variation depending on other factors

Some methods are shared (e.g. PCA)
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Pteromys volans
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PecCnerova et al. Syst. Biol. (2015)
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Molecular vs. morphological traits

amount (103 - >10° vs. 10?)
iIndependence

phylogenetic scale
(with mol. traits we can compare e.g. bacteria and vertebrates)

larger number of taxa

usually represent many genes
(vs. e.g. mtDNA, cpDNA)

we can also study museum/fossil material




traits variation genetic determination

qualitative discrete one to few genes of large effects
quantitative — continuous many genes of small effects
plastic + non-genetic influence

quantitative — continuous scale of  many genes of small effects
meristic discrete traits + non-genetic influence
(threshold traits)

Many so-called qualitative traits have, in fact, quantitative basis!




Analysis of phenotype

qgualitative traits
epigenetic traits
traditional morphometrics

geometric morphometrics




Qualitative trais

Mendelian inheritance, 1 — few genes
mutations in D. melanogaster

mutations of Hox genes:
Antennapedia, Ultrabithorax

Fig. 2. Altered phenotypes obtained in individuals of Drosaphila willistoni 1TA2 isostrain submitted
o temperature stress, Pictore shows female individoals with aliered morpholozies: A, white (while
eyes): B. sepia (brown eyes), C. blistered (arrow indicates the presence of blisters on the wings):
. Curdy (curved wings indicated by the arrow); E. with apparently fused amtennae (indicated by the

arrow) - see figure 5 for details of the mutant structure: F. Female white and Curly, G whire and
hlistered.




Qualitative trais

colouration:

scarlet tiger moth (prastevnik hluchavkovy, Callimorpha dominula),
grove snail (paskovka hajni, Cepaea nemoralis), beetle erytrtons

mammals: [N15 domestic and laboratory species - cat, mouse, guinea
pig, weasel, leopard, mink, horse

pigments:
eumelanin, phaeomelanin, carotens,
haemoglobin, trichosiderin




Qualitative trais
main allelic series:

A = agouti (colour structure along hair)

B = brown (protein component of pigment granules)
C = albino (reduction of number of pigmented lesion)
D = dilute (aggregation of pigmented lesions)

E = extension (changes in amount of eumelanin)

agouti

DBA = dilute — brown - non-agouti




Qualitative trais

main allelic series :

cat: A-agouti, T-tabby, B-brown, O-orange,
S-white spotting, W-white, L-long hairs




Epigenetic traits

Epigenesis = developmental
interactions over/outside of
alteration of genes

basic criterion = absence of
correlation between the trait
and its size




Quantitative traits

Relationship of genotype and phenotype:

Vp = Vg + Vp

V> = total phenotype variance
V; = genotype variance
V= variance caused by environment
V=V, +Vy+ YV,
A = additivity; D = dominance; | = epistasis




Quantitative traits

Heritability, h?:
= measure of heritable part of phenotypic variability

says, to what extent phenotypic variance has genetic basis
True heritability:

in narrow sense h?=V,/ V,
in broad sense h* = V;/ V;




Traditional morphometrics




Principal components analysis (PCA)

snizeni dimenze dat s co nejmensi ztratou informace

exploratory data analysis

making predictive models

1k
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n individuals
p variables

I0CW

correlation or covariance matrix

!

eigenvalue = latent root (latentni koren)
eigenvector = latent vector (latentni vektor)

PC1: vysvetluje nejvetsi podil variability
PC2: druhy nejvetsi podil variability atd.
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latentni koren (eigenvalue)

size vector

10

var PC1 PC2 PC3 var PC1 PC2 PC3 Rp L@ P PG
0000000000000000000000000000000000000000 1 -04107 034 -0718
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Problem of multiple groups:

CPCA (common PCA)

MGPCA (multiple-group PCA)

O @
X XS e
® 0@ ®
o ®le® 0 PC1
S %

CPCA

MGPCA




Problem of size:

omitting PC1
Burnaby’s adjustment

osa nezavisla
na velikosti
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Multidimensional scaling (MDS):

not only correlation/covariation matrix, all types, e.g.
similarity/dissimilarity matrix

Classical MDS = principal coordinates analysis (PCoA)
Metric MDS

Non-metric MDS

Generalized MDS




Discriminant function analysis (DFA) and canonical analysis
(CVA):

a priori groups

minimization of within-group variation
maximization of among-group variation
Mahalanobis (generalized) distances
MANOVA (Wilk’'s Lambda, Pilai’s trace)
Hotelling T? test

stepwise DFA

Cluster analysis




Minimum spanning tree (MST)
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Geometric morphometrics

-

ws O B Erl——F

~ f\ -
Y~ 7 oA a
~EETT)
. . 7
pEw W=- k-
s =

B sl o

i

- gwh WEw -

(A

A. Durer (1524): Vier Bucher von Menlicher Proportion.




In the past, there were two different strategies in study of shape

of biological objects:

1. W. D’Arcy Thompson

Absence of quantification
of shape changes!

W. A. Thompson (1917): On Growth and Form
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In the past, there were two different strategies in study of shape
of biological objects:

2. Traditional morfometrics:
F. Galton, K. Pearson, R.A. Fisher, S. Wright, H. Hotelling...

linear measurements, weights, angles, surfaces...
PCA, DFA, CVA, FA, PCoA, cluster a.

Absence of any information on shape (morphometrics)!




Geometric morphometrics |.
Analysis of closed curves







Fourier analysis

\/\/'/\'\,\/

0 ¢ 360

= Sin

harmonics, coefficients

-+ COS




Traditional Fourier a.
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Elliptic Fourier a.




n=5 n=8
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Geometric morphometrics Il.
Analysis of landmarks
landmarks

quantification of shape using shape coordinates, distinction
between different shape components

information on shape maintained during the whole analysis

size standardization and ability of independent work with
size vector

data processing with traditional morphometric methodology




landmarks = points that can be accurately localized and
which are, at least in geometric sense homologous among
objects

glaballs
'f,l-—.,q_j & '_)_,_JH_\.
exocanthion .@:ﬁ @

sut:nas-y

loweer lip

mid cheek

memton




Procrustes superposition
= GLS (Generalized Least Squares)

shape = everything except information on size, position,
and orientation of objects




IMAGE SPACE: p — dimensions, k — landmarks; n = pk




Procrustes superposition 1

—




Procrustes superposition 1

—




Procrustes superposition 2




Procrustes superposition 3

/

\




Procrustes superposition 3

shape

coordinates

SHAPE SPACE: n = pk — k — k(k—1)/2 — 1




Extracting shape information:
Procrustes superposition

Original landmark configurations

1. Change scale so that all configurations

\ have the same size

2. Superposition of the centers
of gravity on a single point

3. Rotation to minimize the
dispersion of corresponding
points




tangential space

A T

i tangential (reference,
consensual) configuration

shape space




o °9°%, e E o
. oo Fsp
o®o 0 % o g
So8° Rl °o
i
o)
Q~ O ° OQOOO
® 20% 5 o
Q
T \)(
4 e
%_ -"k'_ ey
<
> -
Pas




Thin-Plate Spline (TPS)

metaphor of infinitely large and infinitely thin metal plate
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Thin-Plate Spline (TPS)

energy necessary for plate deformation = bending energy
differentiating between afine and nonafine shape changes
projection of latent roots of bending energy into components

= partial warps
partial warp 0 ~ afine component




Afine shape change

a




Afine shape change

Z




Afine shape change




Afine shape change
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parallel lines remain parallel




Nonafine shape change




Nonafine shape change
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>2 samples: Thin-Plate Spline Relative Warps (TPSRW)
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Software:

tpsDig: uprava obrazku, digitalizace bodu, méreni rozméru
tpsSplin: TPS

tpsRelw: TPS Relative Warps

tpsRegr: regrese na nezavislou promennou

tpsPLS: metoda parcialnich nejmensich Ctvercu

(napf. korelace 2 sad bodu)

tpsSuper: deformace obrazku (,unwarping)
tpsTree: analyza tvarovych zmen podeél vetvi
fylogenetického

Morphod




Morfometrics and phylogenesis
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Landmark based methods without landmarks —
,,sliding semilandmarks*
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Bookstein et al.,
Anat. Record (1999)




Procrusies vertical
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5 Vizualizace predikéniho algoritmu
pro obdob{ dospélého véku od 20 do

70 let, podle kterého lze omladit/zestar-
nout oblicej v daném vékovém rozmezi.
V horni Ffadé oblicej Zeny ve véku 29 let
(vlevo), ktery podle algoritmu
senescence zen (vpravo) zestarnul

do véku 70 let Zivota (uprostied).
Vizualizaci zestdrnuti 23letého muze
do véku 70 let ukazuje spodni fada.

Je patrné, Ze muzi prodélavaji

v daném veékovém intervalu vyrazngjsi
morfologické zmény neZ Zeny —
laterdlnf roz$ifenf obli¢eje, méné
vystupujici horni ret. U Zen dochézi
vékem k zeSikmeni pfedevsim
centralni oblasti ¢ela.

Veleminska, Dupej, Ziva 5/2016




30 let

70 let >0,1

Veleminska, Dupej, Ziva 5/2016

6 Vizualizace vyvoje sexuélniho
dimorfismu v primérném véku 30,

50 a 70 let. Vétsi obliceje ukazuji znaky
pohlavné dimorfni ve prospéch muzi
(Gervena barva) a Zen (modra).

Mensi obli¢eje zobrazujif mapy signifi-
kance, kde odstiny modré barvy
znazornuji oblasti s prikaznymi rozdily
mezi muZskym a Zenskym pohlavim.

Z téchto zZlutomodrych map zfetelné
vidime, Ze sexudlni dimorfismus
oblic¢eje se s vékem vyrazné sniZuje.




Veleminska, Dupej, Ziva 5/2016

7 Segmentace lebky na zakladeé
snimki z pocitacové tomografie

hlavy ¢lovéka. Mékké tkané jsou
znazornény prusvitné jen na casti
lebky a pomoci barevné mapy

je odstupiiovana tloustka mékkych
tkdni, zdsadni pro rekonstrukci obliceje
podle lebky (vlevo pohled zepfedu,
vpravo ze strany).

V38echny orig.: J. Dupej a J. Veleminska




Example: knockout of gene Sprouty

| Sprouty2+* |

Sprouty2”




Program Checkpoint (Stratovan):

) Stratovan Checkpoint — *

He [ 2vVYHFe CPRAROE BRRB Y H@ cd wmmnBE, Of mAL®S

Use the slice windows to explore your data. Use the 3D window to rotate, pan, and zoom through your data. If you have volume data, extract new surfaces from the histogram along the right-hand side of the 3D window.

4—--?.
rr

Specimen

[<Single Points [ > |

Landmarks
Template

Export

Shape
Analysis

Warping

Coronal

Support

Sagittal

Th sTRATGVAN )
T- *B1 (Sprouty2) 5 weeks” Tris: 397.7K Version: 2020.10.13.0859 x54 VRAM: 161MB FPS: 433.6 @ CHECKPOINT

I Done.

Bl (sprouty2) 5 We.., X MSw.ply, .ckpt

£ Sem zadejte hledany wjraz







Comparison of wild-type and mutant mouse, 5 weeks

blue = wild-type

red = mutant

Stratovan Checkpoint
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Comparative analysis
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phylogenetic inertia

iInference of changes along branches — usually parsimony

= in fact, it doesn’t solve the problem of phylogenetic
Independence!




Independent contrasts

assumption: Brownian motion!

Alternatives: phylogenetic generalized least squares (PGLS)
possibility of also applying other models than Brownian motion




Brownian motion model
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Ornstein-Uhlenbeck model
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