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Tab.1 Sampling information and origination of native population, domesticated population and selective breeding popula-
tion of Oreochromis niloticus
population code collection location sample size property
GD 30
EGY 30
USA 30 domesticated population
GLD 30
WY 30
JNM 30
BL 30
‘ Fis Fis 30 selective breeding population
” Fis Fis 30
Fis Fie 30
Fi7 Fi7 30
EW ( 30 native population
1.2.2 PCR 5 min, 35 R
NCBI 94°C 30 s, 45 (
(National Center for Biotechnology Information, 2), 72°C 1 min;
http://www.ncbi.nlm.nih.gov/) , SSR 72°C 10 min
Hunter NCEI 1.2.3 QlAxcel
(QIAGEN )
, Primer 5.0 PCR ’
; 24, 2 DNA :
pBR322DNA/Msp I Alignment Marker
24 PCR , PCR 8.0% (15 bp 500 bp), PCR
> . 1.2.4 MICRO-CHECKER
version2.2.3 [36]
’ (null alleles)
12 (
12 )  CREATE [37]
( 2, 11 (OMOO013 Microsoft Excel ,  CREATE
OMO040 OMO043 OMO049 OMO050 OMO092 ARLEQUIN version3.5.2.2
OMO100 OMO114 OMO129 OMO232 OMO361) B8] FSTAT version2.9.3 391 GENEPOP
10 B4, version4.0 401
(UNH993)  Carleton PGDSpider version 2.0.5.1  “  ARLEQUIN
DNA , 12 version3.5.2.2 (381
PCR , PCR BayeScan version2.1 42

10 uL, 0.5 pL(5 pmol/L),
0.5 pL(5 umol/L), 2xPCR Reagent 5 uL, DNA
1 pL, 3 uL PCR 1 94°C

FSTAT version2.9.3 391 12
(linkage disequilibrium,
LD) ,
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Tab. 2 Characteristics of the 12 microsatellite markers for Oreochromis niloticus

(5'-3") /'C /bp
locus repeat motif primer sequence(5'-3") annealing temperature allele size range GenBank accession No.
OMO013 (TTTC) F: TCCCTGCGTATTATCTTT 48 106~162 IX204845.1
14 R: ATCCCTGGGCTAACTTCA
OMO040 (CAT) F: GATGAACACTAAACTGTCCCTG 50 298~346 JX204855.1
13 R: TGTGCTGCTTCTCGCTCT
OMO0043 (TTTG)s (AC) F: CATTCGGTTTATTGGTTATTGC 50 298~340 JX204857.1
8 s R: TCATGCCTTCACCCTCCC
OMO049 (AGGA) F: TACTGCTGCCGTCCTTTA 50 361~421 1X204860.1
10 R: AACTGCCTGTGAGTGTCT
OMO050 (TGA) F: TTAAGTGCCCAGTTTGTT 49 108~141 JX204861.1
13 R: CATTCCCTCTGATTACGA
OMO092 F: TATTGAGGCTTAGTTGGG 50.4 135~174 7X204890.1
(TTORTTT(TC)s B GAAATGTAAGTGGCAGAT
OMO100 (TAT) F: GGCACTGCTAAGCCCTAC 52.8 206~248 JX204895.1
18 R: ACATAAACAGCCGACGAG
OMO114 (GTT) F: CAGTGGAAGACGCCRAGT 51.7 238~280 7X204905.1
1 R: TGRGACCAGCTCAGAGGC
OMO129 (CCAT) F: GATCACTACTTTGTAGCTGGAT 51.7 185~305 1X204914.1
’ R: GAGCGAATGGTTGTCTGT
OMO0232 (AGAA) F: TTACATTCCCTGTCTTTAC 49 200~256 1X204976.1
? R: GTTTGTTCTGGTGCTTAT
OMO361 F: GTATGACAGCGAGCCAGAA 50 305~380 7X205069.1
(TTCHTG(CTT), B AGCCCATCACTAAAGAAAGC
UNH993 F: TAAATGAAGGCAGGAGTA 48 207~315 G68272.1
(CARCACG) Rl GGTGCGTAAGACGGTGGT
3 Fyr- , lihood Method),
1 Beaumont (Reversible Jump Markov chain Monte Carlo)

[22]

LOSITAN versionl.44

(Island Model),
[43]

(Fst) (heterozygosity)
, 99%
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(stepwise mutation model,
SMM), 50000 99%
2 Excoffier 4
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version3.5.2.2 [38] , R (https://
www.R-project.org/) (Fst)
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99%
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20000 90% 95% 99%
3 (Bayesian Like-
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burn-in= 50000 ; chain length =500000
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Fig. 2 Electrophoresis results of locus OMO129 in the second sample of BL population
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Fig. 5 Detection of loci under selection in four different modes by LOSITAN
a: Results for all populations; b: Results for four NEW GIFT strains of Nile tilapia; c: Results for two selective breeding populations
developed by companies; d: Results for five domesticated populations. The area in red is the area beyond 99% upper confidence interval.
The area in grey is the area within 99% confidence interval. The area in yellow is the area beyond 99% lower confidence interval. The
loci under positive selection were in the red area. The neutral loci were in the grey area.
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Fig. 6 Detection of loci under selection in four different modes by ARLEQUIN

a: Results for all populations; b: Results for four NEW GIFT strains of Nile tilapia; c: Results for two selective breeding populations

developed by companies; d: Results for five domesticated populations. The dotted line in red represents 99% confidence interval. The

dotted line in blue represented 95% confidence interval. The dotted line in black represents 90% confidence interval. The solid line in

black represented 50% confidence interval. The solid point in red represents the locus beyond 99% confidence interval. The solid

point in blue represented the locus within 95%—-99% confidence interval. The hollow point represents the locus within 95%
confidence interval.
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Tab. 3 Outlier loci detected under positive selection by three algorithms

4« » 2 5

four NEW GIFT strains of two selective breeding populations
Nile tilapia developed by companies

algorithms five domesticated

all populations populations

OMO013, OM0092 OMO043, OMO114 OMO0049, OMO100 OMO013
Hierarchical Island Model
Island Model OMO013, OMOO043, OMO043, OMO114 OMO013, OM0049, OMO013,
OMO0092, OMO100, OMO0100, UNH993 OMO100,
OMO114, UNH993 UNH993
OMO0013,0MO361 OMO100, OMO129 OMO050 OMO013
Bayesian Likelihood Method
Note: Loci in bold and italic indicated they were detected under positive selection at least twice by two kinds of softwares.
0.35 0.09
A
0.30 ~ OMOO013 A 0.08 -
025 0.07 A
] Aty 006
0.20 = 0.05 1
% Z
0.15 - 0,04 4
AA A i
‘AO‘I 04 N 0.03 A
OMO361 4 0.02 - OMOI100 4\ 14129
a 0051 b 0.01 )
r T T 0 T " T 9 T 1
-3 -2 -1 0 1 2 3 4 -2 -1 0 1 2 3
lg BF lg BF
0.14 - 0.20 - 4 OMOO013
. 0.18 A
0.12 -
0.16
Yy N 0.10 4 0.14
A
0.12 {
0.08 - =
z = 0.10 A
~ 0061 0.08 4
0.04 4 LOMO050 s 0.06 1
) 0.04 {4 4
c 0.02 1 d 0.02
r T T —0 r ] " T f T T |
-20 -15 -1.0 =05 0 0.5 1.0 15 -2 -1 0 1 2 3 4
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a: ;b 4 ;C: 2 5
d: 5

Fig. 7 Detection of loci under selection in four different modes by BayeScan
a: Results for all populations; b: Results for four NEW GIFT strains of Nile tilapia; c: Results for two selective breeding populations
developed by companies; d: Results for five domesticated populations. The triangle on the right side of red solid line represents the
loci under positive selection.

1994
(ICLARM)
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Tab. 4 Candidate loci under selection with significant similarity to known genes
BLAST 1%
locus name BLAST hit identity gene function
OMO043 Oreochromis niloticus adaptor-related protein complex 1, gamma 1 subunit 0.0 97
(aplgl), transcript variant X2, mRNA XM _005467055.2 ’
OMO049 Oreochromis niloticus epoxide hydrolase 2, cytoplasmic (ephx2), transcript
variant X1, mRNA, XM_003454680.3 0.0 98
OMO114 Oreochromis niloticus actin filament-associated protein 1-like 2 0.0 99
(LOC100697549), transcript variant X1, mRNA XM _005460066.2 ’
OMO100 Oreochromis niloticus small ubiquitin-related modifier 3 (LOC100690637), 0.0 98
transcript variant X2, mRNA XM _005477195.2 ’
OMOO013 Oreochromis niloticus transmembrane and coiled-coil domain family 1 0.0 08
(tmecl), transcript variant X13, mRNA XM _013275949.1 ’
OMO0092 Oreochromis niloticus cdc4?2 effector protein 4-like (LOC100697350),
transcript variant X3, mRNA XM _005454977.2 0.0 99
[16]
(GIFT) , 1997 , ‘
Sk
1] Akeya J M, Ruheb A L, Akeya D T, et al. Tracking foot-
1
’ ’ ’ prints of artificial selection in the dog genome[J]. Proc Natl
4 6% ~
> Acad Sci USA, 2010, 107(3): 1160-1165.
s [2] Amaral A J, Ferretti L, Megens H J, et al. Genome-wide
BL( footprints of pig domestication and selection revealed
through massive parallel sequencing of pooled DNA[J].
PLoS ONE, 2011, 6(4): e14782.
[3] Petersen J L, Mickelson J R, Rendahl A K, et al. Ge-
14 [48], nome-wide analysis reveals selection for important traits in
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Analysis of selective pressure on Nile tilapia (Oreochromis niloticus)
populations during domestication/selective breeding

TANG Shoujie, YANG Jie, WANG Chenghui, LI Sifa, ZHAO Jinliang
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Abstract: Domesticated animals provide a unique opportunity to identify genomic targets for artificial selection to a
captive environment. Nile tilapia (Oreochromis niloticus) is a useful model species for studying the genetic basis of
recent, ongoing domestication, as reared Nile tilapia strains have experienced intense artificial selection for only a short
period of time. In this study, we screened 12 microsatellite loci from 11 independently reared strains (6 used for selec-
tive breeding and 5 for ranching) and their wild progenitor population of Nile tilapia to identify recent selection foot-
prints related to domestication and selective breeding. Fsr-outlier tests were implemented using three different genetic
software programs (LOSITAN, ARLEQUIN, and BAYESCAN) to identify loci under positive selection. All approaches
assumed that directional selection increases genetic differentiation between populations and reduces variability at linked
loci. However, because all of the tests are based on different assumptions, identifying outlier loci simultaneously using
all approaches provides additional support for the candidate status of a particular locus. The LOSITAN program uses
coalescent simulations to generate a neutral joint distribution of Fsyand heterozygosity; loci with the highest Fgsr: het-
erozygosity ratios are candidates for having experienced selection. Coalescent simulations were performed using 12
samples and a sample size of 30, assuming island and stepwise mutation models. The mean Fgsrvalue was used with
other values close to the mean to obtain half of the data points above and half of those below the median, as suggested
in the software manual. The second method to detect selection footprints was based on the hierarchical island model and
was implemented in ARLEQUIN software. Coalescent simulations were performed using 12 samples and a sample size
of 30, assuming a stepwise mutation model. R-project software was used to generate a neutral joint distribution of Fgr
and heterozygosity. The third method to detect selection footprints also identified loci that exhibit extreme differentia-
tion compared with the remainder of the genome using the Bayesian likelihood method implemented via the reversible
jump Markov chain Monte Carlo method. This approach was implemented in BayeScan software. Fst was modeled
using a logistic regression model and locus and population effects byrelaxing the assumption of the symmetrical island
model and allowing for asymmetries in population structure. The estimates of the model parameters were automatically
adjusted during short pilot runs (10 pilot runs with 5000 iterations each). We used a burn-in of 50, 000 iterations anda
total chain length of 500000 iterations to identify loci under selection. BayeScan estimates the posterior probability that
a locus is under selection by calculating the Bayes factor, which is given by the ratio of the posterior model probabilities
of two models(selected/neutral), given the data. According to Jeffreys’ interpretation, if the Bayes factor BF
is>10[1g(BF)>1], “strong evidence” favors one model over the other and corresponds to a posterior probabil-
ity>0.91.The results showed that two loci (OMO043 and OMOI114) provided significant evidence of positive artificial
selection in four genetically improved NEW GIFT strain populations. Another two loci (OMO049 and OMO100)
showed significant evidence of positive artificial selection in two selective breeding stocks produced by three compa-
nies. However, only one loci (OMOO013) experienced positive artificial selection in five domesticated populations. The
number of loci detected under selection in selective breeding populations was larger than that in domesticated popula-
tions. The loci detected under selection varied among the selective breeding and domesticated populations. These re-
sults indicate that the Nile tilapia genome has been affected by artificial selection in different directions.
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