ZEBRAFISH

Volume 9, Number 3, 2012
© Mary Ann Liebert, Inc.
DOI: 10.1089/zeb.2012.0737

Sperm Cryopreservation in Live-Bearing Xiphophorus Fishes:
Offspring Production from Xiphophorus variatus
and Strategies for Establishment of Sperm Repositories
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Abstract

Cryopreservation of sperm from Xiphophorus fishes has produced live young in three species: X. hellerii, X.
couchianus, and X. maculatus. In this study, the goal was to establish protocols for sperm cryopreservation and
artificial insemination to produce live young in X. variatus, and to identify needs for repository development.
The objectives were to: 1) collect basic biological characteristics of males; 2) cryopreserve sperm from X. variatus,
3) harvest live young from cryopreserved sperm, and 4) discuss the requirements for establishment of sperm
repositories. The 35 males used in this study had a body weight of 0.298+0.096 g (mean+SD), body length of
2.5+0.2cm, and testis weight of 6.4+ 3.4 mg. The sperm production per gram of testis was 2.33+£1.32 x 10° cells.
After freezing, the post-thaw motility decreased significantly to 37% +17% (ranging from 5% to 70%) (p=0.000)
from 57% £ 14% (40%-80%) of fresh sperm (N =20). Artificial insemination of post-thaw sperm produced con-
firmed offspring from females of X. hellerii and X. variatus. This research, taken together with previous studies,
provides a foundation for development of strategies for sperm repositories of Xiphophorus fishes. This includes:
1) the need for breeding strategies for regeneration of target populations, 2) identification of minimum fertil-
ization capacity of frozen samples, 3) identification of fish numbers necessary for sampling and their genetic
relationships, 4) selection of packaging containers for labeling and biosecurity, 5) assurance of quality control
and standardization of procedures, 6) information systems that can manage the data associated with cryopre-
served samples, including the genetic data, 7) biological data of sampled fish, 8) inventory data associated with
frozen samples, and 9) data linking germplasm samples with other related materials such as body tissues or cells
saved for DNA and RNA analyses.

Introduction body sizes (less than 10 cm) and internal fertilization as the
mode of reproduction. Most Xiphophorus species are native to
Mexico, Belize, Guatemala, and Honduras.? The use of these

( :RYOPRESERVATION IS AN ESTABLISHED approach for
fishes as a research model began in the mid-1920’s, and lead to

preservation of unique genetic resources, and can be

applied for the following fields: 1) germplasm banking
of species or strains with valuable phenotypic traits; 2) con-
servation of endangered species; 3) assistance of artificial
fertilization or insemination, including hybridization; 4)
preservation of cell lines or strains, including stem cells, and
5) preservation of cells, tissues, or organs as genetic resources
for DNA. At present, gamete cryopreservation has been
used extensively in mammals and is rapidly expanding in
application with aquatic species,' birds,”> reptiles,®> and
invertebrates.

Xiphophorus is a genus of fishes in the Family Poeciliidae of
the Order Cyprinodontiformes, and is characterized by small

the establishment of the Xiphophorus Genetic Stock Center
(XGSC) in 1939.% After more than 70 years of effort, the XGSC
currently maintains 58 pedigreed lines among 24 of the 27
known Xiphophorus species. Xiphophorus fishes are composed
of platyfish and swordtail and have become valuable in
the hobbyist trade and as experimental research models. Due
to the capability of producing fertile interspecies hybrids
and their species divergence, Xiphophorus fishes have be-
come useful in several fields of scientific research, including
spontaneous and induced tumorigenesis,”” evolutionary
gene’tics,10 behavioral ecology,11 and sexual selection and sex
determination.'? In addition, several species such as X. hellerii,
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X. maculatus, and X. variatus are highly prized by aquarium
hobbyists, along with other live-bearing fishes such as the
mollies and guppies.13 In the wild, due to human activities
impacting their native habitats, many wild populations of
Xiphophorus fishes are listed on the Red List of the Interna-
tional Union for Conservation of Nature (www.iucn.org)
as being rare (X. clemenciae), endangered (X. gordoni and
X. meyeri), or critically endangered and perhaps extinct in
nature (X. couchianus). Because of this, cryopreservation may
be needed to assist the preservation of these valuable fishes.

Sustained research on sperm cryopreservation of Xipho-
phorus fishes has been performed for the past 6 years.'*2!
To date, cryopreserved sperm have been used to produce live
young in three species: X. hellerii,'® X. couchianus," and
X. maculatus,®® with confirmation of paternity by use of both
genotypic and phenotypic markers. In this study, we report
fertilization and offspring production by cryopreserved
sperm from an important fourth species, X. variatus. The
natural distribution of this species is from southern Tamau-
lipas to northern Veracruz in Mexico, and it has become es-
tablished in a number of locations in United States due to
releases related to the aquarium trade. It is the third most
common Xiphophorus species in the aquarium trade besides
the Southern platy (X. maculatus) and swordtail (X. helleri).
The original protocol developed for X. hellerii'® has been
adapted for sperm cryopreservation and artificial insemina-
tion in X. variatus including use of a hypertonic (500 mOsmol/
kg) extender. Females of X. variatus and X. hellerii were arti-
ficially inseminated with cryopreserved sperm for fertility
estimation. The goal of this study was to establish protocols
for sperm cryopreservation and artificial insemination to
produce live young in X. variatus, and identify needs to enable
repository development. The objectives were to: 1) collect
basic biological characteristics of males; 2) cryopreserve
sperm from X. variatus, 3) harvest live young from cryopre-
served sperm, and 4) discuss the requirements for establish-
ment of sperm repositories. This research, when viewed
together with the three previous studies,'®2° has established
the protocols for sperm cryopreservation and artificial in-
semination, and laid a foundation for development of sperm
repositories (and gene banking) for Xiphophorus fishes and
other live-bearing species.

Materials and Methods
Animals

The male Xiphophorus variatus (Encino) used in this study
were sexually mature (beyond 5 months of age) (XGSC ped-
igree 11129 at 6-7 months old, and pedigree 11136 at 10-11
months old). They were cultured in 20-L tanks with static
water at a photoperiod of 14 h light: 10 h dark, fed twice daily,
once with live Artemia larvae and once with beef liver paste
(see http://www.xiphophorus.txstate.edu/research.html).”
The fish were shipped overnight from the XGSC to the
Aquaculture Research Station of the Louisiana State Uni-
versity Agricultural Center (Baton Rouge, LA). Upon arrival,
the fishes were maintained in 5-L tanks at 26°C with 2-3 fish/
L in an freshwater aquarium system (Aquatic Habitats™,
Aquatic Eco-systems, Inc. Apopka, FL), and were fed twice
daily with commercial flakes (Flake Fish Food, Aquatic Eco-
system) and live Artemia larvae grown from cysts (INVE
group; Grantsville, UT). The photoperiod was set at 14 h light:
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10h dark. The water quality conditions for this system were:
dissolved oxygen>6.5mg/L; total ammonia-N<3.0mg/L,
nitrite-N <0.1 mg/L, and hardness (as Ca,CO3)>100mg/L.
Guidelines from the Institutional Animal Care and Use
Committees (IACUC) of the Louisiana State University
Agricultural Center and Texas State University were followed
for animal care in this study.

Sperm collection

Before collection, males were anesthetized by covering
with ice for 1 min until movement stopped, and were blotted
with a paper towel to dry the body. Prior to removal of the
testes, the fish were measured for standard length (from snout
tip to the base of the tail) and body weight. Testes were sep-
arated from the surrounding lipid tissues by dissection at 10-x
magnification, and were transferred to a tared 1.5-mL cen-
trifuge tube for weighing. Gonadosomatic index (GSI) was
calculated as the percentage of testis weight to body weight,
and body condition factor was calculated as the percentage of
body weight (g) to the cube of standard body length (cm).
Sperm were collected by crushing of the testis in 100-150 uL of
Hanks’ balanced salt solution (based on gross assessment of
testis size) at an osmolality of 500 mOsmol/kg (HBSS500),
and sperm concentration was estimated by measuring the
absorbance of the sample at 400 nm and calculating with an
equation generated from standard curves between absor-
bance and sperm concentration.”> HBSS500 was prepared
by adjusting the water volume from 1 L to ~ 600 mL for the
standard recipe of HBSS (0.137 M NaCl, 5.4 mM KCl, 1.3 mM
CaCl,, 1.0mM MgS0Oy, 0.25 mM Na,HPOy, 0.44 mM KH,POy,
42mM NaHCOs, and 555mM glucose, pH=7.2).>* The
osmolality was measured with a vapor pressure osmometer
(Model 5520, Wescor Inc., Logan, UT), and pH was deter-
mined (AB15, Fisher Scientific). Sperm samples were held on
ice before and during use in experiments.

Motility estimation

Sperm motility was estimated by placing 1 uL of sperm
suspension on a glass slide, addition of 19 uL. of HBSS at an
osmolality of 300 mOsmol/kg, and observation of the sperm
by naked eye'® at 200-x magnification using dark-phase
microscopy (Optiphot 2, Nikon Inc., Garden City, NY). The
percentage of sperm that moved actively in a forward direc-
tion was recorded as sperm motility. Sperm vibrating in place
were not considered to be motile.

Sperm cryopreservation, thawing, washing,
and concentrating

The protocol used in this study for sperm cryopreservation
and artificial insemination was adapted from the protocol
used to produce live young from X. hellerii cryopreserved
sperm.’® An equal volume of pre-made glycerol-HBSS500
mixture (28%, v/v) was mixed with the sperm suspension to
yield a final concentration of 14% glycerol (as cryoprotectant).
Then, 200 uL. of the sperm suspension with glycerol were
loaded into labeled 250-uL straws for freezing. The equili-
bration time from the addition of glycerol to initiation of the
freezing program at 5°C was 20 min. Samples packaged in
straws were frozen at a cooling rate of 20°C/min (based on
sample probe temperature) from 5°C to —80°C in a computer-
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controlled programmable freezer (Kryo 10 series II; Planer
Products, Sunbury-on-Thames, UK), and transferred into
liquid nitrogen for long-term storage.

After storage for 1-3 weeks in liquid nitrogen, the straws
were thawed by immersion in a water bath at 40°C for 5sec,
the sperm suspensions were transferred to 1.5-mL centrifuge
tubes on ice, and motility of the thawed sperm was estimated
within 30sec. To concentrate the samples for artificial in-
semination, the thawed sperm samples were centrifuged
(1000 g) for 5min at 4°C; the supernatant was decanted, the
sperm pellet was re-suspended in 10 uL of fresh HBSS500 by
gentle pipetting.

Artificial insemination

Artificial insemination was performed at the XGSC. Vir-
gin females of X. variatus and X. hellerii were used for in-
semination in this study because Xiphophorus females can
store sperm within the reproductive tract sufficient for
production of 3 to 5 broods without further mating.*® Virgin
females were identified and separated from mixed-sex
broods at around 6 weeks of age when they are sexually
dimorphic but not yet sexually mature.** Before insemina-
tion, the females were anesthetized in 0.01% MS-222 (w/v),
and transferred to a Petri dish with the belly facing up.
To inject sperm, a specially constructed insemination
device was used (see http://www.xiphophorus.txstate.edu/
research.html). The tip end of the device was loaded with
sperm sample, and gently pushed into the genital duct
(viewed at 10X magnification), and a 5-uL sperm volume from
individual males was injected into the genital duct. Sperm
samples from each male were aliquoted into two parts, and
each was used to inseminate females of X. variatus and one X.
hellerii. After insemination, the females were grouped (5 fish
per aquarium) and returned to fresh aquaria, and main-
tained for collection of live young at the XGSC. Generally,
Xiphophorus fishes can give birth at a fairly regular interval
of 28 days, but the intervals of between the first few broods
may be irregular and vary between 26 and 90 days. There-
fore, the inseminated females were maintained with rou-
tine care and checked daily for offspring production for at
least 90 days after artificial insemination. Then, all of the
females were dissected for examination of the reproductive
tract to identify developing embryos for determination of
fertilization.

Phenotypic identification of parents and live young

Live young harvested from this study were cultured, and
photographed at April 14, 2010 (about 6-7 months of age).
The phenotypes of X. variatus and its hybrid with X. hellerii
(Doce or Bel stocks) were photographed at the same time for
paternity confirmation.

Data collection

Data in this study were analyzed using SYSTAT 13 (Systat
Software, Inc., Chicago, IL). Correlation analysis was made
among standard length, body weight, testis weight, GSI,
and condition factor of the males used in this study. The
variance equality test (F test) was used for analysis of varia-
tion of post-thaw motility. The effects of treatments were
analyzed by T-test.
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Results
Basic biological factors of male X. variatus

A total of 35 males were used in this study with a body
weight of 0.298+0.096g (mean+SD), body length of
2.5+0.2cm, and testis weight of 6.4+3.4mg. On average, the
sperm production was 2.33+1.32x10” cells per gram testis
(Table 1). Correlation analysis (Fig. 1) showed that body
weight was significantly correlated with standard length
(p=0.000); testis weight was correlated with body weight
(p=0.010) and body condition factor ( p=0.020), but not with
standard length ( p=0.080), the gonadosomatic index was not
correlated with standard length (p=1.000) or body condition
factor (p=1.000) (Fig. 1).

Sperm cryopreservation

Before freezing, the motility of fresh sperm from 20 males
ranged from 40% to 80% (57 £14%). After freezing, the post-
thaw motility was significantly decreased to 37 +17% ranging
from 5% to 70% (p=0.000) (Table 1). The variance for fresh
motility did not show a difference with that of post-thaw
motility (p=0.387). Correlation analysis showed that post-
thaw motility was correlated with fresh motility (p=0.000),
but not with testis weight (p=0.122), body condition factor
(p=1.000), or gonadosomatic index (p=0.845). Fresh sperm
motility was correlated with testis weight (p=0.003).

Live young collection

For fresh sperm samples, live young were collected from
female X. hellerii in one tank (insemination by males #1-5) at
32 days, and a second brood was collected from the same tank
on day 134 (Table 2). However, there were no live young
collected from females of X. variatus that were inseminated
with fresh sperm from the same males. For cryopreserved
sperm, live young were collected from females of X. hellerii (at
day 32) and X. variatus (at day 72) that had been inseminated
with sperm from the same males (males #30-35) (Table 2). No
embryos were observed within the females in the aquaria
from which live young were not harvested.

Paternity confirmation of live young

The paternity of live young collected in this study was
verified based on the phenotypic characteristics of each cross.
Males of X. variatus (Encino) exhibit yellow on the dorsal and
tail surfaces (DyTy) (Fig. 2). Females of X. variatus Encino do
not show scoreable traits. Offspring from females of X. hellerii
(Doce) crossed with male X. variatus Encino display an elon-
gated body type and the vertical barring typical of X. hellerii,
and the male offspring also display the (Ty) trait found in
X. variatus (Encino). Offspring from female X. hellerii (Bel)
crossed with male X. variatus (Encino) display an elongated
body type compared to X. hellerii from the Sarabia line.

Discussion

Sperm cryopreservation and artificial insemination
for Xiphophorus fishes

With the completion of this study, sperm cryopreserva-
tion in Xiphophorus fishes has been studied in four species
that have yielded offspring production,'®? confirming the
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TABLE 1. BrorLoGicaL DATA FOR MALES, SPERM PRODUCTION, SPERM CONCENTRATION, AND SPERM MOTILITY
BEFORE FREEZING, AND PoST-THAW MOTILITY FOR XIPHOPHORUS VARIATUS USED IN THIS STUDY

Sperm density ~ Sperm density

Sperm motility (%)

Length Testis Sperm number at freezing for injection
Male  Weight (3) (cm) weight (mg) per g of testis (sperm/mL) (sperm/mL) Fresh Post-thaw
Fresh samples (controls)
1 0.210 2.2 7.3 3.87E+09 - 1.29E+09 70 -
2 0.244 2.3 9.5 1.35E+09 - 4.49E+08 80 -
3 0.248 2.3 12.1 3.16E+09 - 1.05E+09 70 -
4 0.209 2.3 5.4 1.73E+09 - 5.76E+08 70 -
5 0.240 2.4 6.0 5.24E+08 - 1.75E+08 60 -
6 0.215 2.3 4.4 1.38E+09 - 4.59E+08 70 -
7 0.400 2.7 14.3 3.57E+09 - 1.19E+09 80 -
8 0.368 2.6 14.1 1.97E+09 - 6.56E +08 80 -
9 0.229 2.4 6.1 1.44E+09 - 4.81E+08 70 -
10 0.218 2.3 5.0 6.20E+08 - 2.07E+08 60 -
11 0.284 2.4 9.2 9.36E+08 - 3.12E+08 70 -
12 0.263 2.4 8.2 7.72E+08 - 2.57E+08 70 -
13 0.519 2.8 13.2 1.51E+09 - 5.04E+08 70 -
14 0.257 2.4 5.1 1.46E+09 - 4.87E+08 70 -
15 0.236 2.4 8.2 1.52E+09 - 5.08E+08 70 -
Cryopreserved samples
16 0.307 2.5 5.8 2.95E+09 5.70E+07 1.14E+09 60 40
17 0.485 2.8 6.3 2.83E+09 5.95E+07 1.19E+09 70 40
18 0.511 2.9 10.0 5.80E+09 1.93E+08 3.87E+09 80 60
19 0.334 2.5 5.8 411E+09 7.95E+07 1.59E+09 70 40
20 0.130 19 2.6 1.43E+09 1.86E+07 3.72E+08 50 30
21 0.223 2.3 2.9 2.64E+09 3.83E+07 7.66E+08 50 40
22 0.267 2.4 3.2 1.60E+09 2.57E+07 5.13E+08 40 20
23 0.268 2.5 4.2 6.57E+08 1.38E+07 2.76E+08 50 30
24 0.281 2.5 33 1.63E+09 2.69E+07 5.38E+08 50 40
25 0.274 2.4 3.4 4.85E+09 8.24E+07 1.65E+09 60 50
26 0.284 2.5 3.8 1.78E+09 3.37E+07 6.75E+08 80 70
27 0.301 2.5 5.2 3.67E+09 6.37E+07 1.27E+09 60 30
28 0.278 2.5 3.8 4.57E+09 8.68E+07 1.74E+09 60 40
29 0.293 2.5 3.8 2.54E+09 4.82E+07 9.64E+08 50 40
30 0.379 2.7 4.8 2.66E+09 6.39E+07 1.28E+09 40 10
31 0.240 2.3 3.0 3.55E+09 5.32E+07 1.06E+09 40 20
32 0.337 2.6 34 3.16E+09 5.37E+07 1.07E+09 40 5
33 0.270 2.4 3.0 1.97E+09 2.95E+07 5.91E+08 40 30
34 0.563 31 11.1 3.06E+09 1.13E+08 2.27E+09 80 70
35 0.275 2.3 6.4 2.07E+09 4.42E+07 8.84E+08 60 40

capability of frozen sperm to produce fertilization in live
bearing fishes after artificial insemination. The efficiency of
offspring production was usually low (10%-30%), but this
was not different from control groups inseminated with fresh
sperm and is typical for artificial insemination in this genus. In
this study, live young were collected in one (of three) aquaria
for fresh sperm, and one (of four) aquaria for cryopreserved
sperm. Based on data accumulated over more than 50 years at
the XGSC, offspring production via artificial insemination for
an experienced technician using freshly isolated sperm is
about 20% (R. Walter, unpublished data). Thus, the low effi-
ciency of thawed sperm was likely due to reproductive
characteristics of Xiphophorus fishes in response to artificial
insemination rather than technical problems related to cryo-
preservation. However, artificial insemination is an essential
step to produce offspring from cryopreserved sperm for Xi-
phophorus fishes due to the internal fertilization and vivipar-
ity. Also Xiphophorus fishes are characterized by small body
sizes (2-5 cm), and the sperm volume available from a single
male is typically insufficient for insemination of more than 3

or 4 females. Therefore, increasing the efficiency of artificial
insemination would be a critical step for application of
germplasm preservation in Xiphophorus fishes.

Possible approaches for increasing offspring
production efficiency with cryopreserved sperm

Studies on reproduction of Xiphophorus fishes started in
the early 1920’s by addressing sex differentiation and sex
reversal, 2% followed by study of ovarian cycles,28 embryonic
development,” genetic control of the pituitary—gonadal
axis,”? and sex determination.'> Most of these studies were
performed with X. hellerii and X. maculatus, and the major
findings were: 1) females can store sperm in folds of the ovi-
duct for months and produce 3-5 broods from a single mating
even in the absence of a male;*>* 2) females may reach sex-
ual maturity within 4-6 months; however, maturity is gov-
erned by specific genes,” and may be influenced by other
factors such as social behavior®! and body size;** 3) embryonic
development from fertilization to birth is about 22 days;*
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FIG.1. Correlation analysis between biological factors from the 35 males used in this study: body weight (g), body standard
length (cm), testis weight (mg), gonadosomatic index, and body condition factor. Gonadosomatic index was calculated as the
percentage of testis weight to body weight, and body condition factor was calculated as the percentage of body weight (g) to

the cube of standard body length (cm).

4) the time intervals between the first few broods in females
can be irregular and vary between 26 and 90 days, although
the tendency is to cycle at about 28 days with mature females,
consistent maintenance, and a conducive environment.

Based on these observations, appropriate approaches for
increasing artificial insemination success rates of Xiphophorus
females may include:

1. Conditioning of males before sperm collection. Sperm
collected from males in good health is usually of good
quality and quantity. It has been shown that sperm of
X. hellerii with higher swimming velocity can have
higher fertilization success,®® and in natural environ-
ments females prefer to mate with larger-sized males.***
In this study, post-thaw motility was found to be corre-
lated with fresh motility, and fresh motility was corre-
lated with testis weight. Therefore, proper conditioning
of males to reach maturity for spawning or mating could
be an important approach to ensure sample quality and
quantity for increasing the fertilization success of cryo-
preserved sperm.

2. One may determine how to increase female fecundity

prior to artificial insemination by treatment with
sex hormones or environmental manipulations. In
X. maculatus fishes, sexual maturity can be determined by
the genetic-controlled pituitary—gonadal axis,***® and
also can be controlled®-* or influenced® by social be-
havior and body size.’? Therefore, to increase fertilization
success with artificial insemination, it is critical to choose
females that are mature and have high fecundity. In the
present study, fresh sperm from the same males produced
offspring after insemination of X. hellerii females but did
not produce offspring when used to inseminate females of
X. variatus (Table 2). Possible approaches to increase fe-
male fecundity include treatment with gonadotropic
hormones, research into social effects on females grouped
in tanks in terms of numbers, the presence or absence of
males that may produce pheromones, enhanced condi-
tioning of females (e.g., through nutrition or environ-
mental factors) for maximum reproductive potential, and
use of older, larger non-virgin females in which fertiliza-
tion becomes more regular, and fecundity more certain.
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TABLE 2. ARTIFICIAL INSEMINATION OF FRESH (JuLy 20, 2009) AND CRYOPRESERVED SPERM
(Jury 21, 2009) FROM XIPHOPHORUS VARIATUS
Live young collection
Male identification number Female species Strain Date Number and sex
Fresh sperm
1-5 X. hellerii Bel 8/21/2009 1 female
12/2/2009? 1 female and 1 male
X. variatus Encino None -
6-10 X. hellerii Doce None -
X. variatus Encino None -
11-15 X. hellerii Doce None -
X. variatus Encino None -
Cryopreserved sperm
16-20 X. hellerii Bel None -
X. variatus Encino None -
20-25 X. hellerii Bel None -
X. variatus Encino None -
26-30 X. hellerii Doce None -
X. variatus Encino None -
31-35 X. hellerii Doce 8/21/2009 4 females and 3 males
X. variatus Encino 10/1/2009 1 male

?Second brood collected from inseminated females in this tank.

Sperm samples from each male were divided into two parts (5 uL each) for insemination of female Xiphophorus hellerii and Xiphophorus
variatus. Five inseminated females were grouped in each tank (considered as a single replicate) for monitoring of live young production.

This latter approach would require safeguards to ensure
that paternity could be verified.

. Development of tools to assess female condition for
ovulation. Sufficient Xiphophorus sperm can be stored
for months in folds of the oviduct to fertilize as many as
four or more broods.”*** Given the viability of stored
sperm, fertilization could occur whenever oocytes are
mature and ovulated. It is currently difficult to estimate
the stage of ova development within females. Ultra-
sound is a noninvasive technique used for years in
monitoring of fetal development in human medicine,

and in recent years it has been used with large-bodied
aquaculture fishes to identify ovarian developmental
stages.40 Thus far, the smallest fish for which conven-
tional ultrasound has been used was the Neosho mad-
tom Noturus placidus with 10 to 12cm body length.*! Tt
is unknown if ultrasound techniques can be used with
smaller fishes. Based on reproductive studies on Xi-
phophorus fishes, the ova begin to accumulate yolk at
450 um, and are ready for fertilization at about
1.6 mm.?>***2 More investigation is needed to evaluate
if ultrasound techniques can recognize developmental

FIG. 2. Phenotypes of the parents and offspring that were collected in this study. Cryopreserved sperm from Xiphophorus
variatus Encino were artificially inseminated into virgin females of Xiphophorus variatus Encino and Xiphophorus hellerii Doce

or Bel. Color figure is available online at www.liebertpub.com/zeb
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events in this size range, and if ultrasound can also be
used to monitor embryonic development.

4. The culture conditions of inseminated females might be
improved. Social interactions and courting behavior
between males and females are normally employed by
Xiphophorus fishes during mating.*> However, it is un-
known if fertilization always occurs when oocytes are
mature and stored sperm are available, or if specific
social interactions are also involved. Therefore, it would
be useful to investigate culture conditions for females
after artificial insemination, such as the effect of differ-
ent numbers and densities of grouped females, and the
presence or absence of males. Currently, most behav-
ioral research on Xiphophorus fishes has addressed
mating preferences, and we have not found reports that
address the occurrence of fertilization.

Establishment of a sperm repository
for Xiphophorus fishes

After development of protocols for sperm cryopreservation
and artificial insemination, the final target is to establish a
sperm repository for germplasm preservation. Currently,
germplasm resource programs have been established mostly
for domestic livestock species.**** Few reports address es-
tablishment of fish germplasm repositories. Based on previ-
ous established germplasm repositories for livestock and the
reproductive characteristics of Xiphophorus fishes, we propose
basic approaches for establishment of sperm repositories:

Sampling and processing. At a minimum, the major
purpose of a sperm repository would be to enable reconsti-
tution of species, strains, or breeds, including specific mutated
genes or chromosomes, or whole genomes, or populations.
Depending on the type of reproduction and breeding effi-
ciency, a strategy involving the following aspects should be
developed before establishing a repository.

1. Development of breeding strategies for regeneration of
target broods with cryopreserved sperm. A specific
breeding plan should be in place, and females necessary
for the breeding plan should to be identified. For ex-
ample, a large number of specific strains, especially
single-gene mutants, can be recovered through the use
of a single population of wild-type females. Thus,
maintenance of live females can be eliminated for most
strains that have been cryopreserved.

2. Identification of the minimum capacity of frozen sam-
ples necessary for regeneration of viable strains or
populations. This can be calculated based on breeding
outputs, fecundity of females, and the fertility of cryo-
preserved sperm, especially when calculated on a per-
sperm basis.

3. Identification of the number of individuals and their
genetic relationship necessary for accession. For do-
mestic livestock, a target of 50 unrelated animals (i.e.,
effective population size) has been recommended for
reconstitution of particular populations to control the
occurrence of inbreeding.*” Knowledge of the genetic
background of collected animals is essential for a
germplasm repository, especially when the target is to
regenerate populations. Genetic distancing is an ap-
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proach for estimating genetic diversity, and genetic
markers (especially microsatellite markers) have been
recommended for such analyses.”® For Xiphophorus
fishes, the populations are mostly lines inbred for many
generations. Therefore, consideration of the number of
individuals necessary for a sperm repository should
provide sufficient germplasm for recovery of live young
based on the fertilization success of each individual,
especially given the limited availability of sperm sam-
ple from these fishes. Future work should address
cryopreservation for non-lethal collection of the strip-
ped sperm to enable multiple collections for individual
males.

4. Thoughtful selection of packaging containers and la-
beling formats for frozen samples to ensure integrity of
biosecurity protocols, efficient storage and use, and
easy inventory. All aspects of processing, storage, and
use should be considered in this decision.

5. Assurance of quality control of sperm samples during
collection, before freezing during storage and transport
(if needed), and after thawing. Motility, sperm cell
structure (such as plasma membrane integrity), and
fertility are the most important quality control indices.
A comprehensive quality control program would in-
clude screening of individual animals before entering
the repository, and would assure the quality of cryo-
preserved sperm.

6. Standardization of procedures including sample label-
ing, packaging, sealing, sorting for storage, thawing,
and use can assure the uniformity and reliability of the
repository.

Information systems. A sperm repository should plan to
preserve and store genetic materials for decades. Therefore, a
flexible and comprehensive database is necessary to manage
the cryopreserved samples. The database should include the
following components:

1. Genetic data associated with the animals providing
germplasm, such as species, line or strain, pedigree,
phenotypes, and genotypes.

2. Biological data including body length, body weight,
testis weight, and phenotypes.

3. Inventory data associated with frozen samples in the
repository, such as the date of processing, sperm con-
centration and volume, sperm quality, straw numbers,
labeling codes, storage location, and dispositions.

4. Data linkage among germplasm samples with other
related materials such as body tissues or cells saved for
DNA and RNA analysis."!

5. Data linkage to public research databases and interfaces
of the stock centers for researchers to identify and re-
quest specific mutations from the repository.

Considerations should also be given to integrating com-
prehensive germplasm repository facilities with other com-
prehensive facilities and specific end users (such as research
laboratories) to constitute a network-based repository system.
This will place greater emphasis on standardization across all
aspects (or at least a harmonization of different approaches).
A linkage of databases and repositories as described above is
being produced at the USDA National Animal Germplasm
Program (www.nifa.usda.gov).
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Conclusions

This study reports the production of offspring after artificial
insemination using cryopreserved sperm of X. variatus. With
this study, sperm cryopreservation has been accomplished in
four Xiphophorus species that represent platyfish and sword-
tails. Future research on sperm cryopreservation in Xiphophorus
fishes can move from protocol development and become more
focused on procedural standardization and on efforts to im-
prove the efficiency of artificial insemination. Based on the
framework strategies above, a detailed working plan is now
needed for future repository development.

Acknowledgments

We thank E. Tan and J. Atilano for technical assistance
during the experiments. This work was supported by grants
from the National Institutes of Health, Division of
Comparative Medicine (R24RR024790 and R24-OD011120),
with additional support provided by the Louisiana Sea Grant
College Program and the United States Department of
Agriculture. This report was approved for publication by the
Director of the Louisiana Agricultural Experiment Station as
number 2012-244-7115.

Disclosure Statement

No competing financial interests exist.

References

1. Tiersch TR, Green CC. Cryopreservation in Aquatic Species.
2 ed. Baton Rouge, LA: World Aquaculture Society; 2011.

2. Blesbois E: Freezing avian semen. Ayian Biol Res 2011;
4:52-58.

3. Browne RK, Li H, Robertson H, Uteshev VK, Shishova NR,
McGinnity D, et al. Reptile and amphibian conservation
through gene banking and other reproduction technologies.
Russ ] Herpetol 2011;18:165-174.

4. Gwo JC. Cryopreservation of aquatic invertebrate semen: A
review. Aguaculture Res 2000;31:259-271.

5. Kallman KD, Kazianis S. The genus Xiphophorus in Mexico
and Central America. Zebrafish 2006;3:271-285.

6. Kallman KD. How the Xiphophorus problem arrived in San
Marcos, LoxasandatineBigiechngl 2001;3:56-S16.

7. Kazianis S, Walter RB. Use of platyfishes and swordtails in
biological research. Lab Animal 2002;31:46-52.

8. Schartl A, Malitschek B, Kazianis S, Borowsky R, Schartl M.
Spontaneous melanoma formation in nonhybrid Xipho-
phorus. Cancer Res 1995;55:159-165.

9. Walter RB, Kazianis S. Xiphophorus interspecies hybrids as
genetic models of induced neoplasia. [lnstitlabAnimal Reg
(LAR) 2001;42:299-322.

10. Basolo AL. Evolutionary change in a receiver bias: A com-

parison of female preference functions. Rroc Roval Soc
maidon.scnics RaRiolag) 1998,265:2223-2228.

11. Basolo A. Female preference for male sword length in the
green swordtail, Xiphophorus helleri (Pisces, Poeciliidae).
Animal Behav 1990;40:339-349.

12. Kallman KD. The sex determining mechanism of the Poeciliid
fish, Xiphophorus montezumae, and the genetic control of the
sexual-maturation process and adult size. Copeia. 1983:755-769.

13. Monks N. Poeciliid fishes: Mollies, platies, guppies, sword-
tails. 2007. Available at http://www.wetwebmedia.com/
fwsubwebindex/poeciliids.htm (accessed August 6, 2012).

133

14. Huang C, Dong Q, Tiersch TR. Sperm cryopreservation of a
live-bearing fish, the platyfish Xiphophorus couchianus.
Theriogenology 2004;62:971-989.

15. Huang C, Dong Q, Walter RB, Tiersch TR. Initial studies
on sperm cryopreservation of a live-bearing fish, the green
swordtail Xiphophorus helleri. Theriogenology 2004;62:179-194.

16. Huang C, Dong Q, Walter RB, Tiersch TR. Sperm cryo-
preservation of green swordtail Xiphophorus helleri, a fish
with internal fertilization. Cryobiology 2004;48:295-308.

17. Yang H, Hazelwood L, Walter RB, Tiersch TR. Effect of
osmotic immobilization on refrigerated storage and cryo-
preservation of sperm from a viviparous fish, the green
swordtail Xiphophorus helleri. Cryobiology 2006,;52:209-218.

18. Yang H, Hazlewood L, Heater SJ, Guerrero PA, Walter
RB, Tiersch TR. Production of F; interspecies hybrid off-
spring with cryopreserved sperm from a live-bearing fish,
the swordtail Xiphophorus helleri. Biol Reprod 2007;76:
401-406.

19. Yang H, Hazlewood L, Walter RB, Tiersch TR. Sperm
cryopreservation of a live-bearing fish Xiphophorus couchia-
nus: Male-to-male variation in post-thaw motility and

production of F; hybrid offspring. empa-biachenibisial
C-Toxicol Phacmacal 2009;149:233-239.
20. Yang H, Savage MG, Hazlewood L, Walter RB, Tiersch TR.

Offspring production with cryopreserved sperm from a live-
bearing fish Xiphophorus maculatus and implications with
female fecundity. Eesssslieslesinsiei ek
Pharmacol 2012;155:55-63.

21. Yang H, Tiersch TR. Current status of sperm cryopreserva-
tion in biomedical research fish models: Zebrafish, medaka,
and Xiphophorus. il
macol 2009;149:224-232.

22. Walter RB, Hazlewood L, Kazianis S. The Xiphophorus
Genetics Stock Center Manual, Version 1. San Marcos, TX:
Texas State University, 2006. Available at http://www
xiphophorus.txstate.edu/stockcenter/stockcenternamnual
.html (accessed August 6, 2012).

23. Tan E, Yang H, Tiersch TR. Determination of sperm con-
centration for small-bodied biomedical model fishes by use
of microspectrophotometry. Zebrafish 2010;7:233-240.

24. Hanks JH. Hanks” balanced salt solution and pH control.
Meth Cell Sci 1975;1:3-4.

25. Tavolga WN. Embyonic development of the platyfish
(Platypoecilus), the swordtail (Xiphophorus) and their hybrids.
Bull Am Museum Nat Hist 1949;94:161-230.

26. Essenberg JM. Sex-differentiation in the viviparous teleost
Xiphophorus helleri Heckel. Biol Bull 1923;45:46-U6.

27. Essenberg JM. Complete sex-reversal in the viviparous tel-
eost Xiphophorus helleri. Biol Bull 1926;51:98-111.

28. Bailey RJ. The ovarian cycle in the viviparous teleost
Xiphophorus helleri. Biglagical Bulletin. 1933;64:206-25.

29. Schreibman MP, Kallman KD. Genetic control of pituitary—
gonadal axis in platyfish, Xiphophorus maculatus. [ Exp Zool
1977;200:277-293.

30. Potter H, Kramer CR. Ultrastructural observations on sperm
storage in the ovary of the platyfish, Xiphophorus maculatus
(Teleostei: Poeciliidae): The role of the duct epithelium. ]
Morphol 2000;245:110-129.

31. Sohn JJ. Socially induced inhibition of genetically deter-
mined maturation in platyfish, Xiphophorus maculatus.
Science 1977;195:199-201.

32. Sohn JJ, Crews D. Size-mediated onset of genetically deter-
mined maturation in platyfish, Xiphophorus maculatus. Proc

Natl Acad SciTISA 1977;74:4547-4548.




134

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gasparini C, Simmons LW, Beveridge M, Evans JP. Sperm
swimming velocity predicts competitive fertilization success
in the green swordtail Xiphophorus helleri. PLoS One 2010;
5:1-5.

Rosenthal GG, Evans CS. Female preference for swords in
Xiphophorus helleri reflects a bias for large apparent size. Proc
Natl Acad Sci TISA 1998;95:4431-4436.

MacLaren RD, Gagnon J, He R. Female bias for enlarged
male body and dorsal fins in Xiphophorus variatus. Behav
Process 2011;87:197-202.

Schreibman MP, Kallman KD. Genetic control of sexual
maturation in teleost, Xiphophorus maculatus (Poeciliidae):
Review. jmaliieiieissieniisseineiinsps 1975;15:
957-962.

Borowsky RL. Social control of adult size in males of
Xiphophorus variatus. Nature 1973,245:332-335.

Borowsky R. Social inhibition of maturation in natural
populations of Xiphophorus variatus (Pisces poeciliidae).
Science 1978;201:933-935.

Paris F, Paassen U, Bluem V. Sperm storage of the female
swordtail ~ Xiphophorus helleri  VerhGeslchthyol 1998;1:
157-165.

Novelo ND, Tiersch TR. A review of the use of ultrasonog-
raphy in fish reproduction. N Al=Aguaculiyre 2012;74:
169-181.

Bryan JL, Wildhaber ML, Noltie DB. Examining neosho
madtom reproductive biology using ultrasound and artifi-
cial photothermal cycles. Nopdilemiguaculiize 2005;67:
221-230.

Scrimshaw NS. Embryonic development in Poeciliid fishes.
Biol Bull 1945;88:233-246.

43.

44.

45.

46.

47.

48.

49.

50.

YANG ET AL.

Basolo AL. Preexisting mating biases and the evolution of the
sword in the genus Xiphophorus. Am Zoologist 1990;30:A80-A.
Blackburn HD. Development of national animal genetic re-
source programs. Reprad Ferfil Devel 2004;16:27-32.
Blackburn HD. The national animal germplasm program:
Challenges and opportunities for poultry genetic resources.
Poultry Sci 2006;85:210-215.

Blackburn HD. Genebank development for the conservation
of livestock genetic resources in the United States of Amer-
ica. Livest Sci 2009;120:196-203.

Taberlet P, Coissac E, Pansu J, Pompanon F. Conservation
genetics of cattle, sheep, and goats. C R Biol 2011;334:
247-254.

Wildt DE, Rall WF, Critser JK, Monfort SL, Seal US. Genome
resource banks. Bioscience 1997;47:689-698.

FAO. Secondary guidelines for developement of national
farm animal genetic resources management plans: Manage-
ment of small populations at risk. FAO, Rome, Italy, 1998.
Talle SB, Chenyabuga WS, Fimland E, Syrstad O,
Meuwissen T, Klungland H. Use of DNA technologies for
the conservation of animal genetic resources: A review. Acta
Agricult Scand Section A—Animal Sci 2005;55:1-8.

Address correspondence to:

Huiping Yang, Ph.D.

Aquaculture Research Station

Louisiana State University Agricultural Center
2410 Ben Hur Road

Baton Rouge, LA 70820

E-mail: hyang@agcenter.lsu.edu



