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Background

* The threespine stickleback is a teleost that
has undergone recurrent adaptive radiations
from marine to freshwater environments.

* The Little Campbell stream-anadromous pair

IS an example of recently diverged, but closely Figure 1: Threespine stickleback from Little Campbell

related, morphs. One way in which they are Stream population. Note characteristic red throat.
(Credit: Christopher Anderson)

divergent is in their red throat coloration.
Females in the stream population often have
characteristic red throats, whereas
anadromous females lack this trait.

* Diploid organisms typically carry two copies of
each gene. However, differences in the
number of copies of chromosomal segments
exist in the form of Copy Number Variation
(CNV) which has arisen as a key feature of
evolutionary diversification.
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Figure 2: Copy number variation is the
change in copy number of
chromosomal segments. The
chromosomal segment C appears on
each chromosome in a normal copy
number, it only appears once in a
heterozygous deletion (left) and
appears three times in a heterozygous
duplication (right) (Neurowiki, 2013).

Duplication

Central Aims of Study:

1) Identify and quantify the CNV differences between

the two study populations (anadromous/stream)

2) Identify and quantify the CNV differences between

red and dull stickleback females

3) Identify and quantify CNV in specific color genes

previously identified in a stickleback gene expression
study (Newsome et al. unpublished)

Figure 3: Little Campbell Stream, British Columbia,
Canada (source: google.com/earth)

Methods

» Collected fish, Little Campbell Stream (LCS) and
L|tt e Campbell Anadromous (LCA), from British
Columbia

« Extracted DNA from fin clips

* Sequenced DNA using lllumina paired-end
sequencing (30x depth), aligned reads to the
reference stickleback genome

 GATK CNVcaller was used to identify deletions and
duplications in relation to the reference genome

« Statistically verified CNV differences between
populations and color morphs. Identified CNVs in 18
specific genes, previously identified in Newsome et
al. unpublished by scanning VCF files

tSUUTNC
#CHROM
chrl
Ansotate lntervals -
revisedddsead lyUrmasked . fa
proprocessed Intervals.interval list
OVERLAPPING OMLY
annotated intervals.tsy

. Flilterintervais
preprocessad Intervals. interval 1ist
annotated intervals.tav
OVE RLAPFING OMLY
filtered intervals.isterval 1ist

‘ ’ CollectReadCoun
$270-52 52 trissedalipned unigue fixed.baw. sortedl.bes
filtered intervals.interval 1ist
OVERLAMING ONLY
SI78-52 S2.cowmts . haf’s

: "L50rted . Dan;
COSe~" 8 ¢ 1.2 5
CollectReadComnmt s
i
flitered intervals.interval 1ist
OVERLAPPING ONLY

$Code . coumts . haiis;

1
1601
2001
3001
4601
5001
6eel
7601
geel
90e1
10001
11001
12001
13001
17001
18001
19001
20001
21001
22001
23001
24001

p0S 1
CNV. chr
CNV_chr

CNV ¢

CNV C!'lf";

CNV ¢

(UV Cl
CNV C:’]"

CNV
CH\
CNV

CH& ¢h

CNV

CNV Ch."

CANV ¢
CNV ¢
CNV
CNV_¢
ChV
CNV
CHJ

CHV_:hrI
C Hv_\:

I 11600 N <DEL>, <DUP> : . END=1000 GT:CN:CNLP: er 0:2:309,62, 8
I 1601 2000 ' <DEL>,<DUP> - : END=20060 3T :CN:CNLP:CNQ ©:2:
nri 2001 3060 . <DEL>, <DUP> - . END=3000 ‘T:(c CNLP:CNQ

|

-

3601 4000 <DEL>,<DUP> . : END=4000 GT:CN:CNLP:CNQ
4001 5000 | <DEL>, <DUP> - : END=5000 GT:CN:CNLP:CNQ
nrl 56e1 ceee ) <DEL>, <DUP> ‘ ‘ END=6000 3T :CN:CNLP:CNQ

REF ALT UAL  FILTER INFO  FORMAT 5270-532 $32
l
I_Okel 7000 CDEL>,<DUP> . ; END=7000 ST:CN:CNLP: CNQ
7001 8000 CDELY,<DUP> . : END=8000 573 CN:CNLP: CNQ
8001 9000 | CDELY,<DUP> . END=9000 5T:CN: CNLP: CNQ
hrl ub@‘ 10000 | CDEL>,<OUP> . END=10000 5T:CN:CNLP:CNQ
L 10001 11000 N CDELY,<DUP> : END=11000 ST:CN:CNLP:CNQ
chrI 11001 12000 N CDELY,<DUP> . . END=12000 GT:CN:CHLP:CNQ
12001 13000 CDELY,<DUP> : END=13060 GT:CN:CHLP:CNQ
13001 14000 | CDELY,<DUPY : END=14000 T1CN:CNLP:CNQ
r: 17001_18000 CDELY,<DUPY . : END=18000 T:CN:CNLP:CNQ
ch : 18001 19000 N CDELY,<DUPY . END=19000 T:CN:CNLP:CNQ
I_19001_20000 CDELY,<DUP> : END=20000 T:CN:CNLP:CNQ
rr 20001 21000 | CDELY,<OUP> . : END=21000 T1CN:CNLP: CNQ
1 21001 22000 | CDELY,<OUPY . END=22000 T:CN:CNLP:CNQ
chrl_22001 23000 <nza>.<cuo> ; . END=23000 {CN: CNLP: CNQ
23001 24000 ¢ : : END=24000 T:CN:CNLP:CNQ
hrl 24001 25000 <h5.>, 0P . END=25000 T1CN:CNLP:CNQ

N?\)-\JP\JP\)?\'F\)?\)NNNP\J!‘\JP\

OO DO DO OO OO OO PO oo Do @

Lep B 3 BE 3 B #» BT #3 BY 3 BN «3 B #3 I #3 |
- - v‘ - - -— - -
N RN RN NN

Figure 4: Code for separating BAM files into Figure 5: VVCF file containing the intervals in the genome that
intervals which are later used for CNV calling have a CNV within them (credit: Grant Tiger)

Results, Interpretation
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Future Direction

 Hope to search more thoroughly for CNVs in intronic regions near genes of interest
* Wil include more study populations to enhance and assess generality
* Use additional calling programs and molecular technique to validate calls
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Table 1: Deletions in gene slc45a2 are

restricted to only anadromous individuals
ENSGACGO00000016257

Name Sample Number Position Copy Number State Number of Copies

LCAF1 S0 3523001 1 0
LCAF2 g1 3523001 1 0
LCAF3 92 3523001 1 0
LCAF4 83 3523001 1 0
LCAFS 84 3523001 1 0
AFT2 36 3523001 1 0
AFT4 37 3523001 1 0

3524001 1 0
AFTS 38 3523001 1 0

Conclusions

Stream individuals show lower levels of
deletions indicating that they can act as
reservoirs for ancient alleles selected out of
marine populations (Lowe et al., 2018)
Freshwater (stream) individuals generally
have more gene copies than anadromous,
possibly providing new gene functions for
freshwater invasion (Hirase et al., 2014)
There were no CNV differences found
between the red and dull females

We found very few CNVs within genes. This
is expected as it is thought that around 95%
of CNVs are in noncoding regions (Lowe et
al., 2018)

Gene sic45a2, which is responsible for
melanocyte differentiation in zebrafish, was
the only gene to contain CNVs (deletions) in
the coding region, compared to the reference
genome. The CNVs were exclusively found
in the anadromous population which
suggests that the deletions could be
responsible for the lack of female color in

this population.
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