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ABSTRACT. The spotted rose snappertjanus guttatuss a fishery relevant species from the eastern Pacific
Ocean, with aquaculture potential. Speapscific genetic markers are needed for the genetic characterization

of wild and cultivated populations to help management strategies. Eighteen hypervaitabdatellites were
developed by Next Generation Sequencing and characterized in a wild population sample. Genetic diversity was
high (observed heterozygosity = 0.88 + 0.050; the number of alleles per locus = 13.4 + 1.3) and few loci departed
from the Hady-Weinberg Equilibrium, leaving 14 loci potentially suitable for population genetic studies. A
reduced panel of five loci was tested in a cultivated stock to determine the parentage of progeny (embryonated
eggs; n = 413), to estimate the temporal coutiiim of each parental broodstock. The above resulted in the
successful assignment of 95.6% of the progeny to its parental couple, representing 17 out of the 24 possible
families. Two of the four females produced most of those progeny (97.3%). Thesesfemidh reproduced
throughout the season, did not spawn on consecutive days. The contribution of males was evenly distributed
during the season and occurred on successive days. Some microsatellites can be used in othdr.lpganids (

L. argentiventrs, andHoplopagrus guentheiii

Keywords: Lutjanus guttatuspopulation genetics; embryonic eggs; genetic markers; parentage assessment;
reproductive performance

INTRODUCTION (ArellanoMartinezet al, 2001; Sarabidéndezet al,
2010).Little is knownregarding the spawning contri
The spotted rose snapperlutjanus guttatus bution of females and males daily.
(Steindachner, 180is a demersal marine finfish with Microsatellite genetic markers are a necessary tool
a wide distribution range along the eastern Pacific for the genetic characterization of wild populations that
Ocean from the Gulf of California in Mexico to  can pe used, for example, to improve their mana
Ecuador (Fischeet al, 1995). It is a valuable fishing  gement in rehabilitation programs, and stock identi
resource in the region (Herretdloa et al, 2010; fication (Hallerman, 2003)They are also important in
SarabiaMéndez et al, 2010; CorreaHerrera & aquaculture as they can be used to determine female
JiménezSegura, 2013), with a high potential for spawning frequency. Thus, the fesftive parental
aquacdulture (Ibarr€astroet al, 2013).Lutjanus guttatus contribution E.g, red sea breafagrus major(Perez
is a batch spawnerith asynchronous ovarian develop  Enriquezet al, 1999) California yellowtail Seriola
ment during a long reproductive season comprising peak |ajandi (Smithet al, 2015), gilthead seabrea®parus
spawning periods in April, Augusiand October  aurata (GarciaFernandezet al, 2018)], whichdue
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thedisproportion in male to female contributions, large labeled with the fluorophores-l8AM, VIC, NED or

family size variance and null female spawnersinthe PET at 1.6 &M, reverse pri me
broodstockcan lead to the potential accumulation of primers haing an extension of the M13 sequence at the
inbreeding within the hatchery (Blon&t al, 2009; 5@4nd at Sthueke, 2000(Téble 1). The rest
Domingoset al, 2014).0Other markers, such as Single of the components were at the same concentrations as
Nucleotide Polymorphisms (SNPs), have shown +elia above. The amplification conditions were the same as

ble results for parentage testing in aquaculture speciesabove, but the final extension was set with eight

[e.g, shrimp (PereEnriquez & MaxAguilar, 2016)]. additional cycles of 94°C for 30 s, Mighnealing at

However, forL. guttatusthere is no previous genomic 53 UC f or 45 s, and 72UC f ol

informationavailable. products were added with O.
The present study aimed to obtain a set of St andard (Applied Biosystem:

microsatellite markers for future population genetic formamide, placed in a 9&ell microplate and put into
studies ofL. guttatusand to test a reduced panel to the ABI 3130 automated DNA sequencer. The
estimate the temporal parental contribution in a 9enotypes were obtained using the software Gene
cultivated stock of the species. Mapper version 4.0 (Applied Biosystems).

Allele frequencies per locus were calculated with
the program Arlequin version 3.BxXcoffier & Lischer,
2010) and used to estame genetic diversity para
meters [number of alleles per locus; observed (Ho) and
) i i o expected (He) heterozygosities] and Hawidginberg
Fin clips of 10 Lutjanus guttatus individuals were _ Equilibrium (HWE) (Exact test using a Markov chain:
collected in 2011 at the eastern coast of the Baja 5 0og dememorizations, 100,000 steps). The potential
California Penlns_ula, Mexico, and _prese_rved in 70% presence of nulalleles, stuttering, or allele drayut
ethanol. Genomic DNA was thalne@\l]anabl & was assessed with the program MiGboecker Yarr
Martinez, 19_97), and HNA mix was sen_t to _the Oosterhougt al, 2004)

Savannah River Ecology Laboratory, University of
Georgia, U.S.A., for microsatellite screening by Next
Generation Sequencing (lllumina library preparation

and sequencing, bioinformatics analysis and primer X . . =
design). A set of 48 prier pairs (tetraandpentane Lutjanus argentiventri(Peters, 1869) (n = 4), and

; X L bar snappétoplopagrus guenther{iGill, 1862)
cleotides) was tested in these 10 individuals. PCR was gre_en oo
done in volumes of 11 ¢L (n C ]g'r"f“l chI?CHa(ii fﬁ)@' thelGquaoLCahE?r,ng. as
t empl at e, 2TagBuaffer, £5LmM MgC,
0.25 mM dNTPs, 0.4 tM of BEPURGKkMagagemet ¢ and reverse

MATERIALS A ND METHODS

Biological material

Crossamplification of microsatellites was tested in
three lutjanid species: red snappeutjanus peru
(Nichols & Murphy, 1922) (n= 5), yellow snapper

primers (Macrogen, Koe a) , 0. ®XZ& UTheell individuals oflL. guttatusdescribed in the
polymerase (Promega, UK), and Mi{i water. PCR previous section (six males, four females) were kept in
thermal conditions (C1000 thermal cycler, #tad) a maturation tank equipped with an external spawn

were: 94°C for 2 min; 30 cycles at 94°C for 45 s, collector, at the Centro Interdisciplinario de Ciencias
annealing temperature for 45 s, and 72°C for 1 min; then MarinasIPN, México. They were fed daily at satiation
a final extension at 72°@r 10 min. The annealing  with sardines and squid. During the reproduet
temperature for each primer was calculated using the season of 2011 (Juifectober), spontaneous spawning
formula T.= 4(C+G) + 2(A+T)- 5. The PCR products ~ was obtained. For each collected spawn, viable
were separated on polyacrylamide gel electrophoresis embryonated eggs were separated from dead eggs by
(5%, 7.5 M urea; 1800 V, 50 mA, and 50 W). buoyancy. A fraction of those was collected and
Fragments were visualized ugiBybrGold within a preserved in 1.5 mL microcentrifugation tubes with
1% agarose matrix and scanned (FMBIOIII, Hitachi). ~ 70% ethanol. From a total of 36 spawns, the
embryonated eggs from 14 spawning events were
Genetic markers selection sampled for DNA analysis (12, 13, 14 July; 4, 14, 22
A set of 18 microsatellite loci, showing reliable AUgUSt 8,9, 10 September; 14, 15, 16, 20, 21 October).

amplification patterns, was selected for characteri The embryonated eggs were indivédly separated

zation on the same 10 individuals, and their sequencesusing a microscope (Olympus CX31), and only those
(Macrogen) were deposited in GenBank (Table 1). PCR from the late gastrula developmental stage were
reactions were done i n 2 Oselected, asoearlienstageswfailedh to tampify PGRe o f
an M1 3 p {TTGTARAACGAGEGECCAGT) products adequately. Remnants of ethanol were evapo
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rated, and embryonatesjgs were put into individual ~ 0.05; Table 1). Three loci departed from HWE (only

tubes with 18 L of Mil | i de aftertthe Banferom eoyrectio® (Tablepl), wisck r v e

at -20°C. For DNA release, embryonated eggs were can be explained by the potential presence of null

unfrozen, smashed with a plastic pestle and centrifuged alleles, rather than by stuttering or allele doap, as

at 1,533 g for 1 min. The supernatant was used as aindicated bythe MicroChecker analysis. Fourteen loci

DNA template.A total of 32 embryonated eggs from are available to assess population genetic structure in

each of the 14 spawning events were used for wild L. guttatugN. Diaz Viloria, unpublish. daty and

genotyping. several loci are potentially useful for the other snapper
species (Table 1).

Parentage testing For parentage assignment, 413 embryonated eggs
Based on their polymorphism, allelic range, electro were used. The combination of direct and probabilistic
pherogram peak quality and the possibility of (950 CL) exclusion methods resulted in 95.6% of the
multiplexing, five loci were selected for gegping progeny (n = 395) assigned to a single parental couple,
(Table 1). The forward primer (without the M13 |eaving 4.3% unassigned. Seventeen familieg (f
extension) from the microsatellite was labeled with a 24) were represented in the progeny (Table 2).
fluorescent label at 5' (Thermo Fisher Scientific)
(6FAM-Lgutl8 PETLgut2l, 6FAM-Lgut3Q NED-
Lgut34 and VIGLgut39. For adults, PCR multiplex

react ons were conducted in € S g
) ME1538M &n 2’9%) repl%cﬂﬂa tﬂrbuah'mﬁ
1 &L DNA - P-Qfagbuffer,d.5 mM MgCj, the season and. during consecytive days (Fig. 1a)

|
0.35 mM dNTPs, 0.3 &M b gaieROning ity SReliegtos b Oeree L

Taqpolymera_se. For embryonate_g_gs, PCR reactions produced by only two of the four females (4Bd87#&and
were done using the same quantities but in a volume of ing did not occur on consecutive

23 L with 3 eL of DNA. Pﬁg’?@igﬁrﬁoﬁ%ﬁm&r&ﬂ |a|ésl(a9 BaRg7WE T €
as follows: 94°C for 2 min, 42 cycles of 94°C forg}5 H) spawn.ever’y other day

60°C for 45 and 72°C for 1 min, and a final extension ' ]
at 72°C for 10 fim. Products were electrophoresed on Unexpected genotypes were observed in several
an ABI 3130 automated DNA sequencer. Alleles were famllles_, resultlng_ln a deviation fro_m_ the _expected
sized using the LIZ500 Size Standard (Applied Mendelian proportions (Table 3). As it is unlikely that

Biosystems) and read using GeneMapper 4.0 software th€se genotypes come from genotyping errors (the
(Applied Biosystems). sequencer sizing d#gfences observed in four

duplicated samples was betweef.@ units in at least
four loci), they appear to be a consequence of both null
and mutated alleles. Considering a null allele as a
mutation event, the mutation rate per locus varied
between a maximm of 1.2x10' in Lgut2l to a
minimum of 7.7x16 in Lgut34 for a mean of 4.5x10
Null-allele events were three times larger than changes
in the number of repeats. While all the mutations in
0].gut21andLgut39were due to null alleles, there was a
combination of null alleles and base pairs gains in the
other loci (Table 3). Ingutl8andLgut3Q the most
common change was a gain in four base pairs
(equivalent to one microsatellite repeat). The mutation
rates wee, on average, almost twice higher for females
than males (Table 4).

The reproductive season within the breeding tank
spanned from June to November, with a peak number
o%spawn occurring in October. Most males. (7A62
I

The combined neexclusion probability for the fier
loci set was estimated by the program Cervus 3.0.7
(Kalinowski et al, 2007) Parentage analyses for each
of the 14 spawning events were performed by
probabilistic and direct exclusion approaches using
Cervus 3.0.7 Kalinowski et al, 2007)and Vitassign
(Vandeputteet al, 2006) respectively, to estimate the
number of contributing males and femalesho3e
cases, in which the parentage assignment by Cervus an
Vitassign coincided. Still, there were some loci
showing mismatches; they were treated as putative
mutations either by the change in the number of repeats
or by null alleles. The mutation rate per locus was
calculated, dividing the number of mutations by twice
the number of genotypes in the progeny at each locus.
The mutation rate was also calculated for males and
females. DISCUSSION

RESULTS The usefulness of microsatellites as genetic markers for
parentage assignment has been demonstrated in more
The 18 microsatellite loci showed reliable genotyping than 20 cultivated fish species (Yue &aX2014). The
patterns in the.utjanusguttatusbroodstock, resulting capability of correct assignment is dependent on several
in high genetic diversityrg = 13.4 + 1.3Ho = 0.88 + characteristics of the genetic markers, of whtwir
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Table 2. The number of progenies assigned to each potential family in the spawning events of July to October, using the
probabilistic (95% confidence level) and direct exclusion methods.

Number of Number of
Female  Male  jiiquais  Female Male o giiduals
1170_M 54 1170_M 61
1538 M 8 1538 M 46
2924 M 39 2924 M 30
4953_H 6720 _M 14 4B67_H 6720_M 8
TA62_M 54 7A62_M 53
3C42 M 2 3C42_ M 15
1170_M 0 1170_M 0
1538 M 1 1538 M 0
2924 M 4 2924 M 1
2C30_H 6750 M 0 IF70_H 5750 M 0
TA62_M 3 7A62_M 0
3C42_ M 2 3C42_ M 0
Total number of individuals 395
Total number of families with progen 17
1.0 q
0.9
0.8
é e @3C42-M
b= 0.6
S 05 E7A62-M
o 04 @1170-M
=8 82 m1538-M
0.1 @2924-M
0.0 1 m6720-M
Spawning date
go7
£ 06
g 05 m2C30-H
g 04 m4B67-H
e @4953-H
®IF70-H

Spawning date

Figure 1. The proportion of breeders contributing to progeny during the spawning events-Gfclober 2011. a) Males
b) females.

variability is one of the most relevant (Vandeputte & in the order of 16) were enough to confidently
Haffray, 2014).The five highvariable microsatellites determine, by both exclusion methods, the parentage of
selected (with a combined probability of rexclusion 92% of the progeny from a relatively smalitjanus
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