
Efficiency of Sleeping Beauty 
transposase mediated transfection 
of chicken PGCs in vivo and in vitro  

Stefanie Altgilbers, Ronald Wittig, 
Meike Stünkel, Steffen Weigend, 
Wilfried Kues, Sabine Klein, 
Friedrich-Loeffler-Institut, Federal 
Research Institute for Animal 
Health, Institute of Farm Animal 
Genetics Mariensee, Höltystr. 10,  
D-31353 Neustadt, Germany. 

Corresponding author: 
sabine.klein@fli.de 

Transfections of Primordial Germ 
Cells (PGCs) either in vivo or in vitro 

are now important tools for gene 
transfer experiments in avian 
embryos. However, there are few 
reports on the functionality of germ 
line transmission especially for in 
vivo transfections.  

This study reports on efficiency 
comparison for both transfection 
strategies using the Sleeping Beauty 
(SB) transposon system encoding a 
ubiquitously expressed Venus 
fluorophore reporter. 

In vivo transfections of SB 
components as plasmid/liposome 

complexes were performed into 
chicken embryos at embryonic day 
(E) 3. We recorded up to 50% of 
embryos with Venus-positive cells in 
the gonads at E10. Immuno-
histochemical labelling with SSEA1 
confirmed small clusters of 
primordial stem cells migrating into 
the gonads. In two experiments with 
80 and 76 embryos injected, a total 
of 24 and 28 chicks hatched, 
respectively.  

In total 19 roosters were 
successfully raised to maturity and 
provided semen samples.  

However only three cockerels 
showed 0.05-0.20% Venus-positive 
sperm in their ejaculates by flow 
cytometry.  

Cultured PGCs were 
electroporated with the SB and 
Venus plasmids and Venus positive 
cells were enriched by FACS. After 
injection of the Venus-positive PGCs 
into 80 host embryos at E3, total 13 
roosters could be raised and trained 
for semen collection.  

All 13 cockerels provided between 
1-8% Venus-positive spermatozoa in 
their ejaculates.  

The best seven roosters are 
currently mated to White Leghorn 
hens for progeny testing. Comparing 
results of the two transfection 
strategies, transfer of in-vitro pre-
transformed PGCs proved 
advantageous over in vivo 
transfections.                                    n 
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Not all birds, even vaccinated 
simultaneously and with the same 
dose, will respond equally to a 
vaccine. This genetic variability is an 
emerging lever, so far not considered 
by breeders in a view of integrated 
animal health management 
strategies. The aim of the study was 
to focus on the host genetic 
variability of the response to Eimeria 
maxima vaccination of chickens and 
to search for blood biomarkers 
predictive of vaccine response 
intensities. Commercial broilers (90 

Cobb 500 males) were vaccinated by 
inoculation with 100 E. maxima 
Weybridge strain oocysts at 16 days 
of age.  

Nine days later, a subset of 79 birds 
were challenged with 50,000 
parasites of the homologous 
species/strain. Animals’ responses 
were evaluated by measuring IL-10 
serum levels, body weight gain, 
lesion scores and parasite load. 
RNAseq data from blood sampled 
before vaccination were produced 
for 63 chickens that were ranked 
according to their vaccine responses. 

For each response phenotype, high 
and low responders were selected 
(upper and lower quartiles) and 
sparse Partial Least Squares-
Discriminant Analyses (sPLS-DA) 
were carried out to identify the best 
predictive blood biomarkers 
classifying animals into each group. 

We selected 108 candidate genes 
that were predictive with an 
accuracy higher than 97% for all 
vaccine responses. 

 In conclusion, we provide a proof 
of concept that blood before 
vaccination can be used as a relevant 
source of biomarkers predictive of 
vaccine responses. We designed a 
custom OpenArray for high-
throughput RTqPCR assays to test 
our candidate biomarkers in 
validation populations.                    n 
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Local goose breeds with their 
successful adaptation to severe 
ecological conditions in the area of 
their formation are a valuable 
genetic resource in breeding. 

Polymorphism within the breeds 
can produce unique genotypes with 
high resistibility to unfavourable 
conditions, diseases, and stresses. 

The aim of the study was the 
evaluation of genetic variability of 
blood serum proteins in Kholmogor 
(K), Vladimir Clay (VC), and 
Lindovskaya (L) breeds. 120 blood 
samples were taken from the adult 
birds and analysed electrophoretically.  

The genotypes were identified 

using the readings from the plates. 
Prealbumin loci Pr-1 and Pr-3 in VC 
were monomorphic, while in K and L 
contained 2 alleles, A and B. In L 
allele B of Pr-1 locus was found in 
90.7% of samples, allele A only in 
9.3%; a similar situation was found 
for Pr-3 (96.3 vs. 3.7%). Pta locus in 
VC contained alleles A (frequency 
0.22) and B (frequency 0.78); in K and 
L it contained three alleles, A, B, and 
C (P<0.05). Pr-4 locus in all breeds 
contained alleles A and O with 
similar frequencies; alleles A and B 
were found in Pr-5 locus in all 
breeds. The genetic similarity index 
for 6 loci was 0.572 for VC and L; 
0.873 for L and K; 0.817 for VC and K. 
The most significant differences 
were found for Pta (r = 0.58; 0.91; 
0.86). The results evidence the 
decreased level of polymorphism in 
the studied breeds; significant 
differences between certain allelic 
frequencies will help in genetic 
identification and portrayal of 
Russian goose breeds.                      n 

The 11th European Symposium on Poultry Genetics took place in Prague, 
Czech Republic in October 2019. The aim of the symposium is to present  
on-going research activities and to provide an update of current knowledge 
for people from both industry and research institutes. Here, International 
Hatchery Practice present abstracts from some of the many papers.  
For futher information visit www.ESPG2019.org. 
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The impact of the environment on 
epigenetic regulation and ultimately 
phenotypes has attracted 
considerable interest in animal 
agriculture.  

In many studies, environmentally 
induced changes in gene expression 
are associated with altered DNA 
methylation patterns or with altered 
histone modifications. This study 
focused on the systematic 
evaluation of DNA methylation 
across multiple generations of 
Japanese quail, resulting from 
feeding a diet high in methyl donors 
in only the founder population. 

Effects of the high methyl diet 
were observed on egg size in G0 as 
well as subsequent generations G1 
and G2, which were fed a control 
diet.  

Differences in DNA methylation 
were observed across generations 
G0, G1, and G2 as a result of G0 diet. 
Differential methylation persists 
across generations at specific but 
not all locations within the genome. 

Specific genomic regions impacted 
by the G0 diet that persisted across 
multiple generations include the 
DNA methyltransferases (DNMT1 
and DNMT3) and the vitellogenin 
gene family (associated with oocyte 
development).  

This work demonstrates the 
importance of considering the 
transgenerational effects of 
environment in poultry species and 
its long-term impact on phenotypes 
of economic importance.                n 
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The aim of the present study was 
to identify genomic variants 
associated with egg number (EN) in a 
population of great-grandparent 
female broilers. A total number of 
2,992 animals genotyped with the 
high density (~600k) chicken SNP 
array and with records on EN 
(mean=132.4 eggs, SD=29.8 eggs) were 
used. Data were analysed with 
application of multi-locus mixed 
models assuming additive and 
dominant gene action for the SNP 
effects. A number of 7 additive, 4 
dominant and 6 additive plus 
dominant SNPs were found to reach 
chromosome wise significance for 

the trait under study. 13 of the 
significant SNPs resided within 9 
genes (ARL8A, UPF1, CRTC1, 
TMEM59L, ELL, DDX49, KXD1, PGPEP1 
and COMP).  

Moreover, a total number of 57 
positional candidate genes were 
identified within 50 kb regions 
around the significant markers. 
Application of in silico gene 
prioritisation analysis on the 
positional candidate genes 
highlighted a number of 20 genes as 
related to reproduction.  

From these genes, BHLHE40 and 
CRTC1 were found to participate in 
the entrainment of circadian clock 
by photoperiod.  

Two more genes i.e. LGR6 and 
EDEM1 have been previously 
associated with eggshell quality in 
the species. Other prioritised genes 
(e.g. GDF3, GDF15, ISYNA1, COMP) 
displayed trait related biological 
functions.  

Current findings have shown that 
genome wide association analysis 
can be efficiently used in the 
discovery of genetic variants 
exerting additive and/or dominant 
gene action on reproduction traits in 
the species.                                       n 
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While considerable economic 
gains have been obtained by 
selection of meat-type lines for 
body weight and muscle 
development, physiological limits 
have appeared.  

Thus, limiting the genetic 
antagonism between production and 
reproduction remains a major 
challenge.  

In heavy strains, a decrease in 
muscle energy reserves has been 
observed. This trait genetically 
determines the ultimate pH (pHu), 
for which two divergent lines were 

selected: the pHu+ line with the 
lower energy status, and the pHu- 
line with the higher energy status. 

These two lines constitute 
valuable genetic resources to study 
the relationships between the 
energy status of the animal, 
reproduction, egg quality and chick 
quality at hatch. 

Observations performed at the 11th 
generation of selection highlighted 
variation in breeding characteristics 
to the detriment of the pHu+ line, 
characterised by a later onset of 
laying and a lower laying rate. 

 A change in egg characteristics 
was also observed, with a higher egg 
weight but a lower shell percentage 
in the pHu+ line, consistent with the 
higher percentage of broken eggs 
reported in this line. A lower score 
of quality was obtained for the 
chicks issued from the pHu+ line, 
which also exhibited higher 
mortality during the first week of 
life. 

According to this first study, 
increasing the energy reserves of the 
animals could have a positive effect 
on reproduction and the quality of 
the chick.  

Research work has to be continued 
at the genetic level to assess the 
interest for selection of new 
indicators or biomarkers of the 
metabolic status of the birds.        n Variability in heat tolerance genetic 
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Environments of high temperature 
and relative humidity have various 
negative effects on livability, 
production performance, immune 
functions, and disease susceptibility 
in commercial layer strains. Hence, a 
solution that is applicable to the 
problem of tropical heat stress 
variability in commercial layers need 
to be evaluated. Data on two strains 
of layer chickens (Isa Brown and 
Bovan Nera) were obtained from 
farm records of Funtuna Farms, 
Ogere- Remo in southwest Nigeria. 

The data analysed included egg-
laying performance traits and 
climatic variables. Results revealed 
that egg production was significantly 
affected by genotype (P<0.05), THI 

and age of birds (P<0.001). There was 
however, significant effect (P<0.001) 
of THI on production. The heat 
stress function developed showed a 
threshold at THI= 27.5 and the 
associated rate of decline was 0.35 
eggs per unit increase in THI (Egg 
Production= -0.35THI + 6.3).  

Bovan Nera recorded lower rate 
(0.32 eggs/THI) as against Isa Brown 
(0.37 eggs/THI). On seasonal effects, 
the early rain (ER) was best (13.23 
±1.75) followed by late rain (18.04± 
1.76), early dry (19.19± 1.75) and late 
dry (20.85± 1.79). Further, a highly 
significant effect (P<0.001) of heat 
stress was recorded on mortality. Isa 
Brown recorded higher mortality 
(24.19±1.25) per month of lay than 
Bovan Nera (14.46±1.25) during the 
study period. In conclusion, the 
production performance of the two 
strains (IB and BN) was influenced by 
heat stress, genotype and age of 
bird. There exists variability in heat 
tolerance among the strains 
attributable to temperature-
humidity index (THI).                        n 
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With the diversification of 
feedstuffs used in poultry diets, the 
relative importance of digestive 
efficiency (DE) in feed efficiency is 
becoming more important. 

Technologies as near infrared 
spectroscopy facilitated the 
measure of DE on a large number of 
animals, but sample preparation is 
still time consuming and the total 
collection of faeces is ethically 
questionable as animals have to be 
reared in cage. 

Serum colour, which has 
previously been found to differ 
between two lines of chickens 
selected for high (D+) or low (D-) 
digestive efficiency, could be used 
as a biomarker of DE for selection.  

Digestive efficiency assessed by 

AMEn and serum colour at three 
weeks have thus been measured on 
417 chickens from the D+/D- lines. 
Spectra of serum colour have been 
compared between the two lines for 
wavelengths every 2nm between 
300 and 572nm. 

Genetic parameters of all traits 
have been estimated to detect 
whether serum colour was heritable 
and genetically correlated with DE. 
Serum colour was significantly 
yellower in D+ than in D- birds from 
376 to 572nm, the most significant 
differences were observed at 490-
492nm. Heritability of serum colour 
was significantly different from 0 
between 462 and 502nm, with a 
maximum value of 0.31+0.09 at 
492nm.  

At this wavelength genetic 
correlation with AMEn was high 
(0.84+0.28), thus indicating that 
serum colour can be used as an 
indirect criterion of selection of DE. 

Further studies are now being 
undertaken to confirm the interest 
of this criterion on other genotypes 
and diets.                                          n
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Injurious feather pecking behaviour 
(IFP) is a very serious welfare and 
production issue worldwide in 
modern intensive egg production 
systems, inducing risks of high rates 
of mortality, increased feed intake 
and reduced egg production. 

We developed White Leghorn 
lines by genetic selection, showing 
either low (LFP) or high (HFP) levels 
of IFP in relation to an unselected 
control line (CON). Using hens from 
these lines, we aimed at describing 
transcriptional differences between 
lines and phenotypes (performers, 
vs. non-performers). 

IFP was observed in mixed line 
groups of hens at 30-32 weeks of age 
by direct observation and at 65 
weeks-of-age, 36 birds were chosen 

for RNA-seq. Hens were killed, the 
whole brain was homogenised and 
RNA was isolated using Qiagen 
Rneasy-kits and sequenced on 
Illumina PE150 (250-300 bp PE) with 
min. 20 mio. reads per sample. 

Preliminary analyses identified 
around 14000 genes. Within 
performers, resp. 27, 86 and 10 
differentially expressed genes (DEGs) 
were found between CON-LFP, 
CON-HFP and LFP-HFP lines. Within 
non-performers these numbers were 
141, 300 and 443 DEGs. Within lines 
(CON, LFP and HFP resp.) the 
phenotypes showed a number of 2, 
17 and 0 DEGs.  

The top 40 DEGs were mainly 
between LFP and HFP non-
performers, examples being 
uncharacterised LOC107049265, Ring 
finger protein 207, uncharacterised 
LOC769512, Acylphosphatase 1, 
Tropomodulin 1, GTPase IMAP family 
member 8-like 1, uncharacterised 
LOC107053511, uncharacterised 
LOC107052719, Zinc finger protein 
737-like and Stimulator of 
chondrogenesis 1.                             n
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