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Psych 3102
Introduction to Behavior genetics

Lecture 11
Methodology continued
Human studies
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Problems with human studies

* no direct breeding studies possible — methods are
therefore not as powerful or as direct as animal studies

« genetically defined populations not available
« environment cannot be controlled

Family studies

provide data on similarities between relatives but genetic
and shared environmental influences are confounded

- separated by addition of twin and adoption data
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Influences on variation (variance components)

For family, twin and adoption studies

*Genetic
1.Additive genetic produce similarities and differences between
2.Nonadditive genetic biological relatives, differences between

nonbiological family members

Environmental

1.Nonshared environmental — produces individual differences within
families whether biological and nonbiological

2.Shared environmental — produces similarities within families whether
biological or nonbiological

Differences measured by variance
Similarities measured by covariance (standard form = correlation)



Family studies

with twins and adoptions
Components of variance and covariance

RELATIONSHIP

(resemblances)
Covariance source

(differences)
Variance source

Biological
parent/offspring
sib/sib, DZ twins
MZ twin pairs

shared genes
+

—

shared environment

—

segregating genes
+
nonshared e.
non-shared e only

Adoptive (nonbiologica
p/adoptive child
sib/adoptive sib

) shared environment
only

segregating genes
+

nonshared e.

Adopted away (biologi
p/adopted away child
sib/adopted away sib

cal) shared genes
only

segregating genes
+

nonshared e.

- we can get some estimates of genetic and environmental variance

components




2.

3.

Model-fitting
using variance and covariance data from family, twin, adoption
studies

constructing an explanation in the form of a model that describes the
observed data

models are constructed by hypothesizing that certain variables (eg
additive genetic influence, shared e, non-shared e) are present at
certain levels of influence

expected variance and covariance values are computed and
compared to observed data

model with the fewest parameters that best fits the data is chosen

path analysis visual way of analyzing the model and discovering which

variable parameters best explain the data

paths = lines drawn to represent statistical effect one variable has on

another, independent of all other variables (partial regression
coefficients)

variables = trait measurements (shown inside squares)

and latent variance components (shown inside circles)



ACE model

most commonly used model in behavior genetics

A = additive genetic effects

C = common (shared) environment effects

E = non-shared (individual-specific) environmental effects
Vey = Vet Ve + Vi

ACE path diagram for twin data

covariances

a2 c? / e2 variances % JCZ / g2

Twin 1 Twin 2

measured trait () latent variance component




SUMMARY Sources of variation in human family studies

Genetic influences G
A = additive genetic influences
a? = variance due to additive effects of genes

D = dominance effects —

d? = variance due to dominance effects of genes nonadditive
| = epistasis —

i = variance due to epistasis (interaction between genes |

Environmental influences
E = non-shared environmental influences
e? = variance due to individual experiences
C = shared (common) environmental influences
c? = variance due to environmental differences between families



Problems with adoption studies

1. many fewer adoptions than in the past
current US adoption rate: 15,000 per year
(total 135,000 but a lot of these are foster or step parent Adoptwn

Exchange

2010: 11,000 foreign child adoptions e it
1970: 1% of all babies born, around 175,000, 19.3% of unmarrled moms

76,000 babies born by assisted reproductive technology

3. may be unknown prenatal influences
data on both biological parents needed as well as adoptive parents

4, selective placement

attempts are made to place children in adoptive homes
that are similar to the biological parents’ homes
data on bio and adoptive parents needed to assess this
may produce correlations between biological home
and adoptive home




TW| N Stu d |eS Twins: HIdentg:aI Vers;.tjs Fraternal

monozygotic (MZ) twins identical
dizygotic (DZ) twins fraternal

MZ similarities >DZ similarities for any = i
phenotype influenced by genes, assuming equal envwonments

Twin births = 1 in 85 live births (1 in 5 conceptions)

1/3 MZ comparison
All twins ( 1/3 same sex ] of these is best
2/3 DZ <

1/3 opposite sex

MZ twinning is independent of maternal age & fertility
treatments - both of which increase DZ twinning



Types of MZ twins
Whilst all DZ twins have separate chorionic ———
and amniotic sacs,

MZ twins may have one of 3 types of
arrangements in utero :

1.Dichorionic MZs (DC-MZ) 32% of all MZ
separate placentas, amnions, chorions
zygote splits before Day 4 after fertilization
(before implantation)

2 .Monochorionic/diamniotic (MC-DA MZ)
66%

separate amnions but share the same
chorionic sac and placenta
zygote splits between Day 4 and Day 7
(after implantation)

3. Monochorionic/monoamniotic (MC-MA

2-3% MZ)

share amnion, chorionic sac and placenta
zygote splits after Day 8




Effects of uterine environment:

« death rate 6 times higher in twins than singletons

12% in MC-MZs compared with 2.5% in DC-MZs
 birth weight highest in DZs lowest in MC-MZs
 sexratio fewer male MZs than expected

MC-MZ males/female ratio 0.23
« congenital deformities more common in MC-MZs

seems like MZ and DZ twins may not have equally similar
uterine environments

BUT does this effect behavioral traits ?
IS the equal environments assumption violated?

e cognitive and personality traits, several studies
DC-MZs are less similar to each other than MC-MZs
but effects are very small, may be transient
Jacobs et al (2001) Behavior Genetics  Wechsler tests
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Heritability Estimates of Intelligence in Twins:

Effect of Chorion Type

Nele Jacobs,'”" Sofie Van Gestel,’® Catherine Derom.”” Evert Tl].'iE'['_‘l.',!'j Philip Vernon,*

Robert Derom,? and Robert Vlietdnck®

Recered 3 Aoy 2000 Fimel 7% ar 2004

there differenres according to the timing of the mypotic splithing, sarly in dichoriomic TC) and
later in monochoronic (M) pairs? We assessed the IQ) of 451 same-sexed twin pairs of known
Zyeosily and choron type with the Wechsler Intellizence Scale for Childrven-Fevised (WISC-
F). The variances of withinpair differences were compared for monechorionic (MC), dichori-
omic menozygetc (DC-MT) and diryzotic same-sexed (D) twins and stroctoral edquation mod-
eling was applied High heritability estimates were found for almast all subscales and T0-soones.
A sipmificant effect of chorion type was found- the MC reins resembled each other more tham
the DIC-MZ twins on the subscales Arithmetic and Vocrabulary. The effect accoonts for respec-
irvely 14% and 10% of the tofal variamoe.

EEY WOEDS: Twins; chorion type; bars

INTRODUWCTION

Monozygotic twins (BJIF) arise fiom the divisiom of a
single fertilized cvom and are therefore genetically
identical. According to differences in the antenatal de-
velopment, three types of MZ twins can be distn-
euished Appromimarely 32% of the MZ rwins are di-
chorionic, where each feius has its own chorion and
amnion. Becanse the choriogenesis takes place aroumd
the fourth day afiter concepion, dichoronic ME twins
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{DC-BT) probably hswe orginated by a cleavage be-
fore the fourth day. MNearly 66% of the MF tanns are
monschorionic-dismniondc (MC-DrA). These twins
share a common chorion, bt have their own amnion.
The separation mmst bave tsken place after the chori-

openesis, but before the amniogenesis, which oooars
after the seventh day of gestation. S50 separation prob-
ably ccowrred between the fourth and the seventh day
of the gpestation Fimally 2 toe 3% of the MMZ twins are
monochornonic-moneamniomic WC-WAY the two fe-
trses sharing one chorion and onme amnion Tn this cass,
the separation mmust have mken place affer the smmio-
Eenesis, so after the eighth day (Leroy, 19917, The as-
sumption that the divicion of the rygote ocours step-
wise later in respectiwvely DC-ME, MC-DA and
MC-BLA pairs, has been recently demonsirated to be
highly probable by smdying X-imactwvation in MZ fa—
male pairs: H-inacuvaton is totally symmeirical in
MC-MA pairs, almost symmetrical in MC-TA pairs
and asymmetrical in IMC-MZ pairs (MAMonteiro ef al.,

1998; Puck, 19908; Chimis e al.. 1990). AN dizy-

Eobic twins [DZ} ‘whn result from the fertliration of
two different eggs by taro different spermatozma - are
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No mean
differences
between groups

Variance
differences for
vocab, arithmetic
accounting for
10-14% of
variance

Compare with
size of genetic
variances
ranging from 29-
83% for various
tasks



Effects of Chorion Type on Genetic

and Environmental Influences

on Height, Weight, and Body Mass Index
in South Korean Young Twins

oon-MMi Huer' and Jung-Sik Shin®
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he present study examinaed the effects of

chorionicity of twins on variations of height,
weaight. and body mass indax (BMI) during childhood
in the classical vein design. Mothers of 81 pairs of
monochorionic monozygotic (MCMZ), 47 pairs of
dichorionic monozygotic (DCMI), and 457 pairs of
dizygotic (DZ) twins drawn from the South Korean
Twin Registry reported their children's height and
weeight. Twins' age ranged from 1.9 to 8.7 yr=s, with
a mean of 4.0 yws and 50 of 1.7 ws. We computed
maximum likelihood twin comealations and performed
model-fitting analyses. In commelational and model-
fitting analyses. we treated age and sex as
covariabes to control their main effects. Maximom
likalihood MII'.M.Z DCMEZ, and DZ twin comelations
ware, JD6, .92, and .74, for height, B3,
91, and .57 fFor wmghr... and .93, 92, and .61 for
EMI. The pattern of these twin correlations
suggested wery modest chorion effects on body
measures. Modeal-fitting analyses confirmed the
observations from twin commelations. Whereas
genatic and shared environmental influences were
significant for all three body measures, chorion
effects attained statistical significance only for hesght
4%, and those for weight and BM| were zero. These
findings indicate that genetic and emdronmental esti-
matas for height, waeight, and BMI during childhood
are biased litthe by the choron type of MZ bwins, sup-
porting the walidity of the egual prenatal emdaronmeant
assumption in the cassical tesin design.

The classical twin method compares similarities
bemamnmmu:[hﬂ]alﬂ:lq«gum{DZJtm
e of the crucial assumptions of the classical twin
design is that MZ and DZE twins experience similar
degrees of prenatal environment. Dise to the variation
in placental anatomy, however, BZ amd DF rwins
experience different environments during the prenatal
period, and if thess substantially Influence the trait
under study, the dassical twin study will yvield biasad
estimates of genetic and environmenial f&Ectors.

=y, CHA Geneeral Haspetal, Secul, South Kora

As the mygotes of [N twins implant indvidualby in
the wteris, each embryo develops s own placenta and
chorion. Unlike D pwins, MZ bwins vary in their pla-
centation, according to the timing of division of the
inner cell mass. If MZ twins are divided at, or before,
the momnila stage, that is, around the fowrth day of gesta-
tion, then each twin will develop an individual chorion
and amnion like XX twins. These twins are known as
dichorionic MZ [DCME) twins. IF the division ooours
betwesn the fowrth and the seventh day of the gestation,
then these twins will share a commaon chorion, known
as monochorionic ME (MCKMME) twins. Finally, if the
division takes place after the eighth day, then the two
fetuses will share a common amnion as well as a
oomemon chorion. These twins are called monochonomic
monoamoionic (MCKA) ME bains.

Approximately a third of MZE teins are DCME
and two thirds are MCMZ. Only 2% to 3% of the
MZ twins are MCKA twins (Bulmear, 1970). The
sharing of a chorion and a placenta, and the presence
of vascular anastomoses between the circulations of
the two fetuses allow exchange of blood, hormones,
oxygen, and other substances like aloobol and vireses
between both members of the twin pair (Machin et
al., 1996). For this reason, MCME twins may resem-
ble sach other more than DCME twins in posinatal
development. Critics of twin studies argue that
MCME twins should be removed from twin analyses
to minimize biases in estimation of heritability
(Phillips, 19953).

In twin studies of chorion effect, so far, more
attention has besn given to personality and cognitive
abilities than to other traits, perhaps because some
of personality traits and cognitive abdlities have besan
shown to be related to hormonal influences
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Determination of zygosity

* visual appearance 90% accurate

 use of DNA markers 100%
accurate

CODIS panel
(COmbined DNA Index System)

14 VNTR (STR) markers, each with
multiple alleles

13 CODIS Core STR Loci
& with Chromosomal Positions
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Physical similarity and twin zygosity in children

Measured or asked of mother % of twins “exactly similar”
(or “yes” responses)
MZ DZ
“Is it hard for strangers to tell them apart?” 100 8
Eye color 100 30
Hair color 100 10
Facial appearance 49 0
Complexion 99 14
Weight 46 6
“Do they look alike as 2 peas in a pod?” 48 0
“Does either mother or father ever confuse them? 79 1
“Are they sometimes confused by others?” 03 1
Height 56 13
Number of pairs 181 84

Cohen et al (1975) Archives of General Psychiatry,13,1373



However

Identical genotypes at conception may not result in identical
genetic outcomes

expression pattern differences (epigenetics)
DNA methylation profiles may differ between identical twins
- research shows much less difference within twin pair than was

suspected
— DZ methylation pattern differences are greater than MZ

changes in sequence after conception
retrotransposon-induced changes
mutations introduced during DNA replication before mitosis



Human brain variation by retrotransposon
from Coufal et al (2009), Nature 460)

Twin 2
Adult brain

Twin 1
Adult brain

Twin 2
Infant brain

Twin1
Infant brain

Twins that are genetically identical at conception may later show brain cell
genetic differences at birth because of new Linel (retrotransposon)
Insertions that take place during the development of the nervous system
In the fetus.

Ongoing retrotransposition in neural progenitor cells will further diversify
the genetic makeup of their brains in adulthood. Depending on the
target genes and neurons affected, the twins may differ in brain function
or dysfunction

Each unique insertion is represented by a different color. Darker shaded areas

highlight brain regions more likely to be affected after birth.(hippocampus,frontal
lobe



Behavior genetic analysis of family, twin and adoption

studies

1. If the MZ correlation is greater than DZ correlation, genetic variance

IS present

- this would be untrue if MZs shared more environment than DZ and
were more similar as a result (violation of equal environments

assumption
1100 1100
MZ twin DZ twin
10001 pairs 1000, pairs
ICC = 0.87 ICC = 0.58
900 » 900 5
- B00, ~ BOO,
£ £
F 700 £ 700

Twin 2

900 1000 1100 400 500 600 700 800 900
Twin 2

Size of corpus callosum

161.'!! 1100



2. Results from family twin and adoption studies are applicable to the
general population from which they come

- this would be untrue if samples were not representative of the
general population

3.Correlations between adoptive family members are due to shared e only
- this would be untrue if there was selective placement

4. Correlations between adopted apart relatives are due to shared genes
only

- this would also be untrue if there was selective placement



Assumptions underlying methodology

1. Equal environments assumption (twin studies)
do MZs and DZs have equally similar environments?
why does the answer to this matter?

If MZs have more similar environments than DZs, MZ
correlation will be inflated, gene effects over-estimated

To test the assumption, for behavioral traits

« look for effects of intrauterine environments (chorion arrangements)

« twin-mislabelling studies - look for evidence that treatment has an
effect on similarities

* look for effects of differential treatment
» look for effects of having more similar physical appearance

Consider: more sharing of environment in utero actually produces greater
DISsimilarities eg. birth weight differences MZ>DZ

Overall — equal environments assumption holds up



2. Samples are representative of the general
population

why does this matter?
If not, results may not apply to general population

For twin studies

twins are generally born prematurely (3-4 weeks)
weigh less than singletons (30% less)
show delayed language development

early verbal ability test scores are slightly lower
suffer more obstetric complications

But — do these effects influence the trait being studied?

how can we test if the individuals used in a study are

representative of the general population to which they
belong?



3. Selective placement (adoption studies)

« attempts are made by adoption agencies to match biological and
adoptive homes

* matching is mainly on basis of physical characteristics
height hair/eye color ethnicity
« some matching for parental education, religion
« selection against extreme poverty, serious psychopathology
alcoholism, criminal behavior, psychosis, drug abuse

Again — do these factors influence resemblance for behavioral traits?

Selective placement can be accounted for in analysis if data on
biological parents is available — look for correlations between traits
measured in bio parents and adoptive parents

Effects found to be mostly small or non-existent for behavioral traits



Colorado Adoption Project

Adoptive families

Caucasian

No known disabilities

Adoptees placed in foster homes on release from hospital
Placed in adoptive homes within 1 month of birth

No selective placement for educational attainment, socioeconomic
status, cognitive ability

Control families matched to adoptive families on basis of
sex of proband

number of children in family

father’s age, years of education

rating of family on occupational scale

SES and educational attainment of whole family



