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Figure 1 - General steps in the production and establishment of a transgenic chicken’s line.
The viral vectors were used as an example illustrates. However, the process is similar to
other methods. Generation 0 (GO0) involves the construction and production of virus and the
infection of embryos followed by Ex Ovo culture, hatching, rearing, and screening of
putative mosaics for breeding. Generations 1-3 (G1-3) require the majority of time, cost,

and facilities to establish and characterize a usable line of birds (Mozdziak & Petitte, 2004).
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Table 1 - Pattern of primordial germ cells migration in poultry and mammalians.

EG&K®* H&H" |>I (4 92) OB
Stages H & H®? EG & K? Birds (chicken)
X a> e 5y (55 2 U
Stage X Central region of area pellucida
4 al> (sr) Jigass Dl
Stage IV Germinal crescent
10-17 > , @g,,@uw}éu&,,%»;,@sf
Stage X-11VX Move and circulate in extra-embryonic blood vessel
20-26 > 0Ly sbasls 5 5 5 513 5 & >les
Stage XX-XXVI Migration and colonization into embryonic gonad
Soslos 4 s o el 4l 5 SSE
Haehabilty Separation and differentiation to sex organ
e 39 (U558 Oty
Embryonic Day Mammalian (Mice)
E6-6.5 Sed oo Mg gl
First arise from epiblast
E7-7.5 g ga ol (o asla JUIS ey i s I
First seen at region of forming hindgut
£9.5 S Sl s (Sl a5 S5 S 4t
Leave hindgut and migration to urogenital ridge
E115 &S e & >l genital Sl 4
Migration to genital ridge
SUPY ﬁéuflx(@ﬁw)&ﬁ
Birth Proliferation or differentiation in sex organ

a) Eyal-Giladi & Kochav
b) Hamburger & Hamilton

Cherentaeva et al., 2008, Petitte ) il o 8 53 55 olite 5 xlge (sls e sls bl 3,8 o Slis el ol 51 65 5 » ;3 PGCs
(et al., 2004
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Figure 2 - The origin of embryonic pluripotent stem cells in the chick. Embryonic stem cells
established from stage X embryos can form embryoid core bodies, differentiate in vitro,

and form tumor when grafted on the CAM. When ESCs are injected into recipient stage X
embryos, they can give increase to somatic/germ line chimeras. Primordial germ cells from
the stage 27 embryo can be cultured as embryonic germ cells. Primordial germ cells can
derived for culturing form earliest embryoid core bodies, differentiate in vitro, and form
somatic chimeras or germ line chimeras depending upon the stage of the recipient embryo

(Petitte et al., 2004).

12 chorioallantoic membrane
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.(Kulesa et al., 2010)
Figure 3 - Embryo culture method using a window in the eggshell. (A-G) In Ovo imaging begins with marking
the position of the presumptive window in the eggshell and creating a Teflon membrane that will fit into the
window to provide an optical pathway to the embryo. (A) An acrylic ring is placed over the embryo and its
position is marked. (B) The ring diameter can vary depending on the size of the egg or embryo. Acrylic rings
and rubber O-rings appropriate for quail and chick eggs are shown. (C) An acrylic ring is dipped into melted
beeswax before (D) being placed onto a Teflon membrane and secured in place with a rubber O-ring around
its circumference. (E) After stretching and cutting the Teflon to fit tightly over the acrylic ring, the ring is
placed into the hole in the eggshell over the embryo (the embryo contrast has been adjusted to better visualize
its position). (F) Warmed beeswax (highlighted in green) is spread around the ring to seal it into the eggshell.
(G) The same method applied to a quail egg. (H) The egg is placed on the microscope stage under the
objective, which is (J) surrounded by a heated chamber. (K) The optical pathway through the Teflon window

includes the Teflon membrane (t), laid above the aloumen and Ringer’s solution (a) that sits over the embryo
on top of the yolk surface; (b) beeswax (Kulesa et al., 2010).
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Figure 4 - Lentiviral vector production. The wild-type lentiviral genome is made up of 3 main genes
(gag, pol & env) and it is surrounded by long-terminal repeats (black color). The vector system is a
split-genome format whereby the packaging and structural genes have been separated and that
promotes integration into the host genome. The env gene can be replaced with a heterologous
glycoprotein from various viruses, including the prominently used VSV-G. The 3 plasmids (or
more) are transfected into a cell line (293T cells) to produce the viral vectors, which are collected in
the supernatant for in vitro transgenic applications either by infection (A) or by direct injection (B)
can be used with viral or cellular promoter in fertilized or unfertilized cells (Park, 2007).

Prom: viral or cellular promoter, ZP: zona pellucida
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Abstract

During the last decades, potential of genetic modifications at the molecular level has
created great revolution in biology. Transgenic technology has provided the possibility of
connection between different techniques in field of embryology, cellular biology and molecular
genetics. Nowadays, transgenic chicken are used as efficient research tools in many institutions.
So, many researchers believe that before any research in the field of genetic manipulation, these
methods should be optimized. Regarding to the remarkable progress of biotechnology, direct
manipulation of chicken embryo by DNA or viral vectors is possible but generally, using this
methods can not create a specific site and target genes for genetic manipulation. To fix this
problem, recently, many scientists have proposed and improved different methods to generate
transgenic chickens based on Blastodermal cells (BDCs), Embryonic stem cells (ESCs),
Primordial germ cells (PGCs) and Spermatogonial stem cells (SSCs). By the way, recently the
complicated system for the isolation, expansion, transfection, selection and re-expansion
embryonic stem cell cultures and the subsequent production of high-grade somatic chimeras was
improved and their results were published in scientific papers. In recent years, the results of
several studies have shown testicular culture method from spermatogonial somatic cells (SSCs) is
the newest, easiest and most efficient method of transgenic chicken generation. This method has
been used biological process of sperm production and SSCs as inducer in transgenic chicken.
Although, use of the viral systems can be lead to gene transfer with high efficiency, but the safety
issues limited its practical applications. Nowadays, the methods of chimeras germ cells
production and pluripotent stem cells manipulation are combined and used to generate transgenic
birds. This review has attempted to describe the most important methods of generating transgenic
chickens, the methods of gene transfer and also the application of transgenic chickens as
bioreactor in biology.

Keywords: Transgenic chickens, Gene transfer, Genetic manipulation, Pluripotent cells, Viral
vectors and Stem cells.
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