Psych 3102
Introduction to Behavior genetics

Lecture 13

ldentifying genes for behavioral
traits
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"SAME OLD KITCHEN, SAME OLD CEREAL, SAME
OLD HOUSE, SAME OLD RULES = AND YOU WONDER
WHY I HAVE THE $AME OLD PROBLEMS "



Geee: =
Scientists Discover Gene Responsible For Eating
Whole Goddamn Bag Of Chips

ITHACA, NY—In an announcement with major implications for future generationz of big fat hogs, Cornell University geneticists
announced Monday that they hawve izclated the specific DMA =eries that makes an individual susceptible to eating a whole goddamn bag
of chips.

"We hawve long known that the tendency to =it down and eat the whole goddamn bag runs in certain
familie=," =aid team leader Dr. Edward &Alvaro. "Howewver, until we completed our works, we weren't sure
whether the dispo=sition to cram chips down your greasy gullet was genetic or whether it was a behawvioral trait
learned from one or both fat-fuclk parentz. With the discovery of gene =zeries CHF-48/0Z-379, we have proof
positive that single-case serial chip-eating is indeed hereditary.”

For yvears, scientists hawve been aware of the numerous health complications linked to a person’s
predisposition to plop down and mow through a whole bag of chips, but it wasn't until now that they were able
to izolate the gene that carries the trait.

Sccording to the Cornell team, series CHP-48/0Z2-379 1= a =t of "alleles,” or collections of genetic matenal,
that cau=ze chip-eaters to develop a markedly larger number of chip-rezsponsive nerve endings in their cerebral
material.

Above: According to

"People with this gene have up to four times the amount of fritoceptors normally found in a human,” &lvaro Cornell researchers,
zaid. "This increases their pleasure response to snaxamine-2, the human body's principal chip-eating hormone., the tendency to eat a
which iz released in response to giant handfuls of chips being shoveled into the mouth. Thiz tends to promote whole goddamn bag
entire-goddamn-bag-eating behawvior in those individuals who possess the =ernes." of chips (above) may

be genetic.

One of the most interesting characteristice of the newly discovered =eries, researcher Dr. Faul Bergleiter
zaid, i= itz tendency to appear more than once in the gene strands of a human subject.

"Series CHPF-48/0Z-379, because it is a fairly large,. or 'fat-as=sed.’ allele,
tends to just lie arcund at conwvenient sites on the DMNA sequence,” Bergleiter zaid. "Though many =ubjects exhibit cnly one instance of
thi= gene, on others we hawve found a=s many as four. This, of course, led these rather rare zubject=s to eat four time=s a= many whole
goddamn bags of chips as those in our control group.”

Though many more fatsos must be studied to determine CHPE-48/07-379%9'=s transmission pattern, conventional wisdom seems to
indicate that the gene i= recescsive.

"Who would want to pass on their own intact genetic maternal to someone who just =at arcund eating chips all goddamn day?”
Bergleiter aslked. "Unle=z=, of course, that was the only person vou could find becausze yvou were =uch a big lard-asz vourself. That would
probably be the only source of friendly RMA-transcriptive culture vou could find.”

Carriers of the CHF-48/0F-379 gene are hailing the Cornell find.
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- towards behavioral genomics
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BEHAVIORAL
GENOMICS
identification of quantitative trait loci
for complex, quantitative traits

- /

positional cloning - identifying the location, sequence, product of a gene

guantitative trait locus (QTL) - a DNA sequence which has a
guantitative effect on a trait (ie contributes to genetic variation for that trait)




Behavior across the living kingdoms

MCP  Attractant McCP

Bacteria prokaryote

flagella
positive & negative taxes er C o N
chemotaxis phototaxis ‘

adds methyl proups

- most genes found control rotation of
flagella

Paramecium eukaryote MOt ToSCALE P N
Protist cilia, flagella . e
positive, negative chemotaxis

- 20 genes involved in avoidance of O —— foore, > BV

noxious chemicals, heat

Induced mutations - chemical
mutagens




Slime mold
finding oat
flake in center
of maze

What is a slime
mold?

What type of
behavior is
this?

Positive
chemotaxis




C. elegans Nematode (roundworm) induced mutations

transgenics
6 chromosomes XO= male, produces sperm XX=hermaphrodite(eggs

and sperm)
Caenorhabditis elegans (Nematode) Imm |0ng, 3 week Iifespan

Worm Project 1990 - 1998
97 Mb - 19.000 Genes
1024 cells - 302 nerve cells

402 gene clusters
25% of genes in operons

Matches:
42% to predicted functions
50% C.elegans 34% only to nematode proteins
genes match :
H.sapiens
human genes 4 979

C.elegans
18 891

285 A~ (=]
./A1 25\ NaCI Starvahon /

S.cerevisiae| — 21 E.coli
6217 = 4 289

Pathogenic Relatives:

Ascaris lumbricoides (gut roundworm) 1 Bio people infected Starvatnon
Ancylostoma duodenale (hook-worm) 600 Mio people infected Z
Trichinella spiralis (pork trichina worm)
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Xiphinena & Trichodorus sp.(transferring viruses to plant roots) ‘\" > Q ‘\‘
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foraging, locomotion, associative learning behaviors oniy
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ARTICLE

Catecholamine receptor polymorphisms
affect decision-making in C. elegans

Andres Bendeshy', Makoto Tsunozak{', Matthew V. Rockman®, Leonid Kroglyak® & Cornelia [. Bargmann'

Innate behaviour s are flexible: they change rapidly in response to tramslent environmental conditions, and are modified
showly by changesin the genome. A dassical flexible behaviour k the exploration -exploitation decision, which describes
the dme at which foraging anlmals ch o ahandon a depletng food supply. We have used quantitarive genetic
analysik to examine the decklon o leave a food patch in Casnorhabdirie elegans. Here we show that patch-leaving is
:ndﬂp&mhwﬁﬂhpﬂbmmmmmﬂmhmd (twramine receptor JL
which encodes a G-pmtein-coupled catecho bmine receptor related to vertebrate adrenergic receptors. tyra-3 acts

sensory meurons that detect emwironmental cues, suggesting that the imernal catecholamines detected by fyra-3

renuhamtnman]mﬂm Mm]ummtummmgm’m

converge on common circults to regulate behaviour, and suggest that catecholamines have an anclent role in
decklons.

regulating behaviowral

Dhespite abundant avidence for heritahility ofbehavioural traits within
and between species, only a few naturally varying traits have been
amsieciated with pal ymorphisms in rplu:lﬁcgm Foraging for fod
isan ecalogically rel t, Emvir Jaed behaviour that
is suitable for ic analysis, asitcan diﬁ'hhummﬂ:hmofa
species that livein different habitats®. A nessential foraging decision is
the choice batween exploiting exisfing resownces and exploring other
options that may provide new resoures. This decision can be

manaphosphate (o3 MFP)-dependent protein kinase®. A bw-activity
allele of for s 'pumrt:in[hmnpﬁ:'h sitter larvae, which move slowly
an a food patch; a high-activity allele of for is present in rover lanvae,
which move qur.H'r amd dx]m'z rpidy=. A for-relted cGMP-

Topnﬁn‘ﬂu' :q]nmﬂusmwﬂmndnﬂnwd’

described by Chamaov's marginal value theorem, which proposes that
theoptimaltime for an animal i leavea foragingground ooums when
Hmhﬁﬂﬂwhﬂm]udnﬂumﬁmuﬁ‘.
The inal value th was developed for animal ing
ﬁdmpmdqmmhn]mwn]qxwﬂl&umdmm
making processes in feld biology, cognitive neumsciene and eco-
po T
Studies of patch-leaving behaviour inthe nematode C. d'gan:]nve
revealed innate, emvironmental :m‘l experience-dependent  Bctoms
that affect jts i rarely leaves a dense bivn
of high-quality baderial food®*, but mone frequently lawves bwns of
enic hacteria or bwns that are spiked with chemical repel-

]uﬂs‘n_hhhuﬂ]hvehmnﬂmdomminwﬁa]mm"_
while hermaphrodites leave biwns when animal density is high'* In
addition, wild-type strains vary in their propensity to lave bacierial
]mbﬂdm:smcw}rmwp]mmﬂntaﬁechﬂuﬂm
congplal recepior NPR- 1 (nefs 12- ldlﬂmn;r-l"pn&y
marphism affeds many foraging behaviours low-activity
strains aggregate into social feeding groups, move quickly on
and have altersd responses i axygen, cathon dioxide and phero.
mnes @mmred o the M2 bboratory strain'“ ™. The high-activity
allele of mpr-1 in N2 arose in the bboratory, probably as an adaptation
tDH)l:l‘.li)uT mﬂﬂim‘_soitism‘thml&zﬂ'm’w&\m’i-
ﬂm:ﬁoch{;&xﬂmmhmnﬂmm

N:tm:] mmﬂm:s = can e diversity in

L e il peie copent bty

mﬁnﬂxﬂhﬁr@:@ {,ﬁﬂmwhdiﬂmdﬂ:qﬂt Fuandsine

in . elegeires, we here wse quantitative genetic
amalysis mmmﬂu:bdnw:ﬁmcmdmcmmwﬂdﬂpe
straing, and shaow that ic variation in multiple lod, inchuding a
caterholamine mbﬂ'w:l';th with envimmmental conditions o
Dﬂﬁ'\cm:ml:l-typ::md'f.r vary intheir endency i leave
or remRin on a small lawn of bacterial irod (Fig. la). For
example, adult hermaphmdites from the bboratory stmin M2 leave
thelawn onby once every 100 min, whereas animals frm the CB4856
(HW) strain iselated from pineapple fidds in Hawaii leave the lawn
mc\m’rs-ﬁmml:.F% 1h Supplementary Movies 1 and 2} To
determine the genetic architecture u‘t}u; behavioural difference
between M2 and HW, we quantifiad | mtes in 91 N2-HW
recombinant inbred advanced interaross lines {RIATLsY™. 58 of the
RIAILs had low leaving rates comparable to N2, only 6=10had high
leaving rates comparable @ HW, and 23 had intermediate rates
(Fig. lc). The excess of kow leaving rates and the contimuous beha-
vioural distribution in RIATLs suggest that leaving is a multigenic
quantittive trait.

Cuantitative trait ks ((TL) analysis of the RIATLs woovensd
tmrqiunuiﬂ'ls?wliﬁmrtcﬁecﬁm ing rades, one on the X
chromosome and one on chromosome I (Fig. 1d). The X chm-
masome (FTL overdapped mﬂlﬂ! location of the polymorphic
G- protein-coupled receptor MPR-1, which affeds many
faxrd-related behaviours'™%, The mpr-] palymorphism has previowsly
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Drosophila Arthropod, Insect

phototaxis, geotaxis

genetic mosaics — some cells in

adult fly have different genetic material JJKK JJK&

iInduced mutations

Female Male
transgenics
ﬁ learning
courtship £ /< - 4T
"W R ‘A
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Example of single gene influencing behavior

Gypsy moth caterpillars (Science, September, 2011)

Moth lays eggs on tree, eggs hatch, eat tree leaves, move down tree
during daytime to avoid predators

Caterpillars infected with Lymantria virus typically move up tree, die in
canopy and virus rains down infecting caterpillars below

How does virus cause this change in behavior?

genome sequencing  knock-out

egt gene — virus gene, product inhibits molting, keeps caterpillar
moving up tree (normally stops when molting)

Sequencing identified egt gene as suspect

Virus engineered with knock-out egt did not induce climbing like virus
with gene intact

Virus with egt gene re-inserted induced climbing again



Mice Mammals

gene targeting methods:

knock-out mutants — specific genes are inactivated,
effects on phenotype observed

transgenics — cells of mouse have ‘foreign’ DNA inserted (knock-in)

conditional knock-outs

knock-down (RNAI) siRNA +8000 articles since 2010

long-term memory
50 genes that effect aggressive behavior
100 genes that effect alcohol response

optogenetics — gene expression controlled by wavelength of light
- can achieve controlled firing of targeted neurons



Targeted insertion of vector
DNA by homologous recombinaton

analog Ganciclovir
i C:.:‘r
¥ Celtwith

no insertion

Colis carrying

()

embryonic stem calk with
targeted gene dizruption
inner cellmass Z

mics oinje dion

implant inje cted blastosysts
inte uterus of pseudo-pregnant

foster maother

mous e with tissue\

cortribution framboth
blastocyst and embryonic
stem 2l




Example of use of transgenic mice
Investigating BDNF locus and risk for anxiety and
depression

« Chenetal, Science (2006, 314,140)
« SNP allele in BDNF gene (brain-derived neurotrophic factor)

- previously found to be associated with alterations in brain anatomy
(decrease In hippocampus volume) & memory, regulation of synaptic
plasticity

- implicated by some studies in anxiety and depression (20-30% of
Caucasians have risk allele)

BDNF val66met risk allele introduced into genome of mouse, making
transgenic

mice tested for levels of anxiety in open field and other measures

- transgenic mice showed increased levels of stress-related behaviors
- confirms role of gene in anxiety

- not relieved by fluoxetine (Prozac)
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Pulblished in final edited form as:
Sciemce. 2006 Ociober §; 31-45706): 140143,

Genetic Variant BDNF (ValésMet) Polymorphism Alters Anxiety-
Related Behavior

ZheYu Chen-4.T, Deqgiang Jing 1", Kevin G_Bath1-". Alessandro leracil. Tanwvir Khan!, Chia-
Jen Siao?, Daniel G. Herreral, Miklos Toth?, Chingwen Yang®, Bruce 5. McEwen®, Barbara
L. Hempstead=, and Francis §. Leal-31

1 Department of Prychiamry, Weill Medical College af Cornell Universin:. New Tork NT 10021, US4

2 Division of Hematolegy., Department of Medicine, Weill Medical Collese of Cornell University, New Forik,
NT 10021, IS4

3 Department of Pharmacology, Weill Medical Collese af Cornell University, New Fork, NT 10021, U754

A School af Medicine, Shandong Universiy, Jinan, Shandong 250012, People’s Republic af China

5 Gene Targeting Facilin. The Rockgfeller Dniversin: New Fork, NT 10021, LS54

§ Laborarory of Neurcendocrinology, The Rockgfellear Universip, New Tork, NT 10021, IS4

Abstract
A comymon single-noc leotide polymorphi=m in the bram-derived neurotrophic factor (BDMNE) zens,
a methionine (hdiet) sobstrrton for valime (Val) at codon 66 (WValbihiet), is associated with alierations
in brain anatonyy and mermory, bt s relevance to climical diserders is unclear. We penerated a variant
EDNF mouse (BEDNFECMa, ihot reproduces the phenorypic hallmarks in umans with the warisnt
allale BN Fyy,, Was expressed in brainat normal levels, ot its secretion from neurons was defecive.
When placed in stressfil settings, BDMEFM#Mat oo evhibited increased soxiety-related behsviors
that wene not normalized by the antidepressant, flinoxetine_ A varisnt BDMNE may thos play a key role

Diepression and anwiety disorders hawve penefic predispositions,, yet the particular menes that
comiTibute to this pathology are not known. One candidate mene s BDMNF, becanse of s
established roles in neoronal soreival | differentston, and synaptic plastciry. The recent
discowery of a single nocleotide polymorphiso (SEF) in the Sdemene (Wal 585ie1), found only
in bumans, leading to a Met substitution for Wal at codon &6 in the prodomain, has prowvided a
waluable ool to assess potential contributions of BDMF to affectiwve disorders. This
polymorphism is common in omsn populations with o allele frequency of 20 to 30% in
Caul:as:lanpui:mhmns[lj This alteration in & neuroirophin gene correlates with reprodocible

little comsensus as to whether this allele confers

culiure systems. The distribution of BDNF g to neuronsl dendrites and its sctivity-dependent
serTeiion are decressed (5—8). These rafficking sbnommalities are ikely to reflect mpaired
binding of BDMNFpgs to 2 sorting protein,. sortilin, which interacts with BDMNF in the prodomain

T whom E-moadl: sheyuchanimsdn edo. YO0 Slss@med cormelll edn (F.E L
‘I‘:nlnmm'bmlm:nfmhm = 2 ! F ¥




Identifying QTLs for quantitative traits in animals

* many genes, each has only small effect on phenotype
 methods need to be able to detect small effects
* methods need to allow use of quantitative data

eg likelihood of linkage measured using variance in phenotype
LOD score

LOD score of 3.6  false positive rate of 0.05 significant linkage
LOD score of 2.2 false positive rate of 1 genome-wide “suggestive”

reading disability in humans drug preference in mice



Example: Use of linkage method Flint et al
(Science,1995)

A simple genetic basis for a complex psychological

trait in lab. mice
mapped QTLs underlying measures of emotionality in mice

Methods

1. made F2 intercross mice from high and low selected lines for open-field
activity - this provided optimum spread of genotypes

2. tested 879 of these F2 mice in open field for activity levels

3. genotyped the highest and lowest 10% of these mice (96 mice in each
case) using 84 markers spread across mouse genome

4. obtained significant linkage to 6 loci on mouse genome
- these may be loci that influence activity level in open field

but are they specific just for activity only in open field?



8.

bred another 384 F, intercross mice

obtained various other measures of emotionality by testing these mice
defecation in open field (r = -.86 with activity)

entry into open arms of elevated plus maze
activity in Y maze (dark, enclosed)

to control for activity not associated to fear, tested mice for entry into
closed arms of elevated plus maze.

genotyped highest and lowest 10% of mice from these tests

Obtained significant linkage to 3 loci for the correlated measures

of emotionality but not the control

analysis showed these 3 loci accounted for almost ALL of the
genetic variation for these measures

analysis also showed the gene effects were ADDITIVE and
Independent (no epistasis)



Y maze Elevated plus maze




— Ogpen Feald Achnaty
- LD Tramsitihons.

albino gene




Results have been replicated and refined in further studies

Why is this result important? Can we relate it to emotionality
(anxiety) in humans? 3 reasons:

1. synteny homology - mouse and human chromosomes are
similar in the layout of genes — if we know where a mouse gene is we can
locate that same gene in humans much of the time

OK, so mice might have similar genes to humans, but is the trait
the same?

2. anxiolytic drug action — drugs that relieve anxiety in humans also
work on mice - indicates common neurophysiology

3. electrophysiological and lesion experiments - indicate a
common neural substrate between mouse and humans for anxiety



