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Aim

 The purpose of this study is to ensure optimal
fertility of nucleus boars and major advances in
the selection of young boar to guarantee their
semen fertility before get into nucleus herd.

* To screen and estimate genetic parameters and
genetic trend for new sperm parameters such as
sperm chromosomal breakage and oxidative
damage of on-farm breeding boar.
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Introduction

* The integrity of mammalian sperm is of
importance for the male genetic contribution
(ex: meat, litter size) to normal offspring.

Field fertility of a boar

- Farrowing rate (FR) and Total 4
Male genetic contribution to normal offspring number of piglets born (TNB)
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Traditional heritability estimates for a
number of traits in swine
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T &= (Semen volume) 0.58 i
TER=E (Sperm concentration) 0.49 |
a1 A #EM: (Progressive motion of spermatozoa) 0.37 i
FUSE N TEE (Abnormal spermatozoa) 0.34 |
ZEEE T8y (Number of total spermatozoa) 0.42 //'

A T2k # (Number of insemination doses) 040
H AT (Number of piglets born alive) 0.08
A8 AR BE1T 8 (Total number of piglets born) 0.05
B8 £ (Conception rate) 0.29

(Smital et al., 2005)



Oxidative Stress

A major reason for reduced sperm survival seems to be the presence of reactive oxygen
species (ROS). Oxygen radicals are known to cause a decrease in motility and induce pre-
capacitation as well as damage to the membrane system by lipid oxidation, especially when
the seminal plasma content is reduced after excessive dilution and washing of spermatozoa.
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Figure. Association of increasing reactive oxygen

species (ROS) production with infertility. evenson and wixon (2006) Aitken et al., 2015



Sperm DNA Damage
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Figure. Mechanistic pathway showing sperm DNA damage due to oxidative stress.

Evenson and Wixon (2006)



Compensable and nhoncompensable
semen quality trait

Semen Used for Al

Trait compensable semen quality Noncompensable semen quality trait
trait
sperm numbers sperm DNA fragmentation

Ex. i.e., increased sperm numbers it is the percent of sperm with fragmented DNA
can be added to produce a being considered and no matter how many sperm
higher pregnancy rate. are added, the percent sperm with fragmented

DNA remains the same; thus, the probability is
the same for decreased pregnancy outcome due
to this factor alone.

0 DNA damaged sperm presented normal zona-pellucida binding characteristics and
even the fertilization and cleavage rates of fertilized oocytes remained normal.
However, in their experiments about all four to eight cell embryos initiated
apoptosis.

O Thus, reproductive failure, caused by DNA aberrations, does not seem to occur at
the level of fertilization but at the onset of embryonic DNA expression. ( Spinaci
M,2005)
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B. Computer assisted semen analysis
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C. Flow cytometry assay
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New Sperm parameters (NSP)

New semen quality assay other than conventional assay

E SCSA Assay

Sub acrosomal space
Cell membrane ri Merocyanine assay
Nuclear envelope

Viability Assay Peri qu.mﬂ::nmal space

n. Acrosome & Sperm

‘ P Membrane Integrity B
Assay

__.__.l'.'FIJtEI' dCrosome
Nuclear vacuoles/] i} membrane

D Free calcium §
Assay

Status of the J EJ
membrane Assay mstacmsnm

I I region

Post-acrosomé| h
sheat \ el

Posterior ri

Oxidation Assay

| G Bacterial Count Assay

Ubiquitin assay

Conecting Fiece

Mitochondra
sheath

outer dense fib

5

I e ,
Y M Central Fair

¥ Axoneme Br— :
Axoneme B L R T

FRONT VIEW SIDE VIEW

| Mitopotential Assay

. . . . 0
Fig. sperm structural and functional integrity related parameters Simon Kuo 2012



* Detection and application of new sperm
parameters in breeding farm animals by
flow cytometer in TLRI

Speed: 5000 sperms within 20 seconds
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The SCSA test: concept of sperm DNA
fragmentation (sDF) tests
NSP: Sperm Chromatin Structure Assay

€ The DNA damaged sperm have the ability to fertilize the oocytes, but the
embryonic development is very much related to the degree of DNA damage.

€ Sperm chromosomal breakage has been classified as Noncompensable semen
guality trait (Spinac et al.,2004)

Definition :: Estimate the structure stability of the sperm
nucleus chromatine after an acide attack. The acridine
oramnge (A has the capacity to change from red
fluorescence when It Is linked to fragmentised DMNA
green fluorescence o green when it is linked to intact
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Fig. Schematic of fluorescence color shifting from normal DNA (green) to fragmented DA (red)






The Nucleus Boar (1)

N567-05 N570.01 T NssLol
Fig. Black Lanyu pigs (Lanyu 200)
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The Nucleus Boar (2)

U1625-02

01633-03 V553-2

Fig. Lanyu 100 (Spotty pig), Lanyu 400 (Binlang pigs) by their hair coat and

Lanyu 50 (Mitase pig) a cross mating with commercial pig breed
15



Ejaculate collection




Result-General Semen Quality Assay (1)

| | N567-5 | N570-1 | N581-1 | N589-1 | N1615-3 | U1619-3 | U1625-1 | U1625-2 | 01633-3 | Vv553-2
Date  2013.06.24 2013.06.30 2013.08.31 2013.09.14 2014.01.05 2014.01.12 2014.01.27 2014.01.27 2014.02.19 2013.04.19
Semen

90 90 85 75 85 80 40 60 90 125
volumn
Motility A  90+++ 90+++ 90+++ 90+++ 90++ 80++ 70+++ 70++ 80++ 80+++
Motility B 82 80 81 82 90 84 89 89 87 88
Semen con. 4.09 2.5 2.97 3.12 2.66 2.77 3.8 2.96 2.43 3.52

Hi625-1 U1625-2 01633-3 N1615-3 V553-2
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Result-General Semen Quality Assay (2)
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Result- Flow Cytometry Assay
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Fig 5. From left to right: sperm motility, viability, sperm acrosome damage,
mitochondrion integrity, sperm DNA integrity, oxidation



Native miniature pig sperm DNA breakage was screened by FC
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Fig . An incidence of ejaculates with a sperm DNA fragmentation index (DFl), a
damaged sperm DNA can lead to early embryonic or fetal death and can have a

dramatic impact on health of the offspring, higher than 20% has been observed in
Spotty pig and Binlang pig

Simon Ku023014



Sperm DNA fragmentation (sDF) data related
to fertility potential
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| Fig. Scatter Diagram of intact“DNA (%) and field fertility
The threshold level for SCSA parameters DFI% of boar

O Results from a 18 boars study suggests that a >6% DFI places certain commercial boars into a statistical group
that produces a reduced FR and ANB. (Ddion et al., 2009).(USA)

Male genetic contribution to normal offspring
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Simon Kuo,2015

Boe-Hansen et al (2008) reported on a study of ejaculates from 145 boars used in 3276 experimental

inseminations in Danish breeding herds. The total number of piglets born (litter size) for Hampshire, Landrace,
and Danish Large White boars was, respectively, 0.5, 0.7, and 0.9 piglets smaller per litter when the SCSA-
defined %DFI values were above 2.1% as opposed to below this value. (Denmark)

Six hundred ninety two (692) ejaculates from 79 Piétrain boars in an Al center were analyzed for motility,

morphology and DFI over a period of 24 weeks. 95.5% of the semen samples had a DFI 5% with low
distribution of variation for DFI due to boar and ejaculate ( 5%). 61.3% of ejaculates with DFI 5% showed \ﬁlues
below thresholds for sperm motility or morphology. Waberski et al.,2011 (Germany)



Conclusions

[0 Adding sperm DNA fragmentation index as a
new parameter to the routine assessment of
every ejaculate may be beneficial to the field.

[0 The sperm DFI values could be an useful
reference in extrusion of subfertility breeding
animals.

0 In conclusion, by further and routinely
identification of nucleus boar semen quality
to ensure the sustainable conservation of
Taiwan native Lanyu minipigs could be
expected.



Future and prospects

O Judging sDF and ROS bring us such questions as what is the added value
for the animal industry?

0 Can we relate sDF and ROS with field fertility and Which opportunities
does it give us?

0 What are the economic perspectives of SCSA and ROS assessment ?
O Can the worldwide population use less number of males (bull, boars,...)?

0 Flow cytometric semen quality assessment will be the solution and gives
possibilities for further screening and culling animals in an Al center and
farm to the development of semen quality assessments, which improves
the prediction of male fertility.

0 Knowing which semen characteristics, and to what extent, contribute to
male fertility and makes the field fertility more predictable.

0 The deterioration of genetic ability indicated that new sperm parameters
should be taken into account for boar selection at young age and may
further to improve and enhance the overall fertility of breeding boars
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