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Abstract

Developmental science is a broad term that collectively
includes Embryology and Developmental Biology. In the
present era, each of these specialty has multiple sub-
specialties and niches. Here, we are interested to look back
in time, the beginning of curiosity and the journey of
understanding of reproduction step by step, from sperm in
600 BC to ovum, fertilization, assisted reproductive
techniques, in vitro fertilization, inter-species chimera and
CRISPR/Cas9 in 2018. The eras of discovery included 600 BC
to 1827 (first), 1827 to 1950s (second) and 1950s to present
(third). Discoveries and research have always been excited
in every era and were highly influenced by the
biotechnological advancements. Today, CRISPR/Cas9 is the
future of embryo editing with therapeutic potentials and
ability to shape the human future. In spite of its prematurity
and technical limitations, it is still an active area of research
at the cross-points of gene editing, developing inter-species
chimeras, treatment of infertility, cure of genetic diseases
and organ transplantation.
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Introduction

Embryology is the branch of developmental biology in which
the formation and development of an embryo are studied.
Embryonic period of development commences from fertilization
and ends at completed eight weeks or 56 days [1]. After 1950s,
researchers started using the term ‘Developmental biology’ that
referred to the study of cell growth, cell differentiation and the
formation of tissues and organs in an organism [2]. Evolution of
embryology as a science can be divided broadly over three
periods of time depending upon the discoveries regarding
sperm, ovum, fertilization, and embryogenesis [3]. The First
period extends from the earliest known history until the
discovery of ovum in 1827. The Second period covers the
discovery of ovum, fertilization, and embryogenesis ending in
1950 while the Third period commences after 1950 as research
directed towards the discovery of DNA ftill date. Each period has

distinct milestones of discoveries, eminent scientists and
theories that carved the pathways to the development of
embryology as a science of the present day. As we go along the
history, the effort of the earliest researchers and thinkers needs
to be highly admired since they all could not see anything with
the naked eye but just visualize the processes of development.

Embryo editing and chimera by CRISPR/CAS9

The sequencing projects such as the Human genome project
has been proved to be a stepping stone towards today’s genome
engineering technologies development. Today we know the DNA
sequences that result in genetic or inherited diseases and we are
able to edit these genes through gene editing systems. Genome
engineering applications modify genome sequences. Currently,
CRISPR/Cas9 is the most advanced biotechnological tool
available for gene editing with its vast applications. CRISPR is an
abbreviation of Clustered Regularly Interspaced Short
Palindromic Repeats. In the CRISPR/Cas9 system where CRISPR is
short prokaryotic DNA consisting of repetitive bases and Cas9 is
an endonuclease system. The Cas9 consists of “guide RNA” and
Cas9 mRNA that are able to find the target DNA to be spliced.
Guide RNA helps find the Cas9 the gene to be edited. and a
double-stranded DNA break is created followed by the repair
along with specific DNA sequence modification [4]. CRISPR/Cas9
is currently being used for gene-editing, interspecies chimera
formation, blastocyst complementation system and gene
knockout experimental animal production.

To study the human embryology, we need human embryos
therefore, the clinically discarded experimental human embryos
become available that are abnormal or even if normal, have
already been rejected. These embryos have the potential to
hatch into blastocysts. The zygotes may contain two pronuclei
(normal) or zero, one, three, four or more pronuclei (abnormal).
The blastocyst development rate is 63.8% for two cell embryos
while 22.6% of two pronuclei zygotes. These clinically discarded
in vitro fertilization material is used for the experiments of
CRISPR/Cas9 gene editing, gene function studies and mutations
[5]. In a recent report, Kang, et al. [6] injected donor oligo-1 (99
bp) or oligo-2 (99 bp) (100 ng/ul) or dsDonor (1 kb) mixed with
Cas9 mRNA (100 ng/ul) and gRNA (50 ng/ul) and successfully
introduced CCR5A32 allele into early human 3PN embryos using
CRISPR/Cas9 system. Interspecies chimerism with CRISPR/Cas9-
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mediated zygote genome editing is being used to produce the
species-specific organs with the prospect of future organ
transplantation. Blastocyst complementation is the method in
which the host blastocysts are obtained and gene editing is done
using the CRISPR/Cas9 system [7].

The first era of the developmental sciences: 600 BC
to 1827

The First era started about 600 BC and the earliest thinker
known as Pythagoras (about 600 BC), who originated
“spermism”, the doctrine. According to this doctrine, the father
contributes essential characteristics to the developing offspring
and the mother just lends the womb (Figure 1) [8]. Hippocrates
(460-370 BC) suggested that there is a contribution of both
parents to generate a “seed”. His text proposed that developing
offspring grows inside a membrane and nourished by mother’s
blood. Hippocrates was the first to give the idea of opening and
examining the hen eggs on a daily basis to look for the growth of
the offspring [9]. The popular theory at that time was
‘Preformationism’ which states that organisms develop from
miniature versions of themselves (Figure 2). These were called
“homunculi” for humans and “animalcules” for the animals.
Homunculi and animalcule were supposed to be present in the
male secretions and placed in the female womb just to grow in
size [10].

( M

Figure 1: The studies of the foetus in the womb explained by
Leonardo da Vinci through an image created in 1510.
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A tiny person inside a sperm, ax drawn by Nicolaax Hartsoeker
in 1695

Figure 2: Preformation theory- Concept of ‘humuncles’ in the
sperm.
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Aristotle (384-322 BC) studied chick embryo systematically
and produced accurate drawings of the embryo growth till the
chick hatched. He proposed the theory of Epigenesis also known
as neoformation. It states that undifferentiated mass passes
through a series of steps during which new parts are added
leading to gradual development of an organism [11]. Aristotle
was first to describe the umbilical cord, development of the
beating heart, blood vessels and blood as the source of
nourishment for the growing embryo. His theory of epigenesis
favored the emergence of an organism from a formless egg.
Later on, the advent of the microscope confirmed that embryo
takes shape in a progressive series of steps along the growth
from a single egg [12]. Followed by the Greek era, Galen
(129-210) studied the female reproductive system including the
uterus, “female testes” and oviducts. Vesalius, an Italian
anatomist and his pupil Fallopius provided the detailed
description of the fallopian tubes, which were named after him
[13]. Fabricius, the intelligent student of Fallopius, was an Italian
anatomist. He studied the formation of hen’s egg in the organ
that he named ovarium, presently known as ovary [14]. His
English student, William Harvey, studied deer and other
mammals, after mating, by dissection. He wrote a book ‘On the
Generation of Animals’ in 1651 and asserted for ex ovo Omnia,
all animals come from eggs. Harvey is considered the father of
ovist preformationism.

Although he was still epigenesist about the process of
development yet he challenged most of the ideas proposed by
Aristotle and revolving around more since fifteen hundred years
[15].
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Stensen, introduced the term ‘ovary’ and De Graaf, confirmed
the presence of eggs in the ovary. The eggs were named after De
Graaf as the Graafian Follicles [16]. In 1677, a Dutch
microscopist, Leeuwenhoek observed the large number of
moving organisms in his own semen, which he named as
“spermatic worms” or animalcules. Later on, he demonstrated
that semen having living animalcules was present inside the
uterus of dogs after mating [17]. It was thought that animalcules
contain all the components of the embryo and uterus is only the
site of incubation [15]. Victor Haller was convinced with de
Graaf’s follicles and proposed that conception occurs in the
ovary. According to his theory, follicle discharges the preformed
embryo in the oviduct and oviduct transfers it into the uterus
where it grows further [18].

Lazzaro Spallanzani, an Italian biologist in 1785, did
experiments on frogs and concluded that semen must come in
contact with the ovum to create an embryo [19]. A Swiss
physiologist, Jean-Louis, and a French chemist Dumas conducted
experiments in 1824. They were the leading scientists who
actually looked into the Graafian follicle and embryo under the
microscope. They observed that even after twelve days of
conception, the embryo was smaller in size than the Graafian
follicle protruding from the surface of the ovary. Therefore, they
discarded the theory and postulated that it must not be an
embryo that ruptured in the oviduct as they were grossly
different in size [16].

The second era of the developmental sciences: 1827
to 1950s

In the Second era, Karl Ernst von Baer, a Russian biologist,
finally established in 1827 that there is a true ovum of
mammals, “ovulum” [20]. By 1834, as described by the
Bernhardt, the polish biologist, ovulum was known as “the
germinal vesicle”. Meanwhile, Charles Darwin conceived the
theory of natural selection in 1838. He is considered one of the
pioneers of modern embryology [21]. After the cell theory
emerged, by Schwann and Schleiden, the ovum was admitted to
be a cell and structural unit. In 1882, Walter Flemming described
the chromosomes, meiosis, and mitosis. This led to the cascade
of discoveries, thus the ovum maturation was established by
1884 [22]. Walter Heape was the first researcher who
successfully recovered the eggs from the rabbit [23]. He also
transferred fertilized eggs, in utero, to different animals. Sobotta
provided the detailed account of mouse egg maturation,
fertilization, and cleavage with histological evidence. An even big
breakthrough was in vitro culture and development of the
fertilized rabbit eggs by Lewis and Gregory. They were able to
record a video, for the first time, of the cleavage divisions and
provided the visual evidence of embryonic development.

Lewis and Wright in 1935 photographed the cleavage stages
of the mouse [24]. Later on, Whitten extended this work and
showed that eight-cell embryos could be cultured to blastocysts.
It was followed by in vitro development of late two-cell stage
embryos. The ability of in vitro embryo culture improved
through late stages of development to the earlier stages as
research advanced in embryology. The most important difficulty
for in vitro culture, clearly pointed out by the promoter of
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“causal embryology” the Van Benden around 1920, was lack of
effective tissue culture techniques [25]. The pioneering work
regarding in vitro fertilization of human eggs was reported by
Rock, et al. [26]. About eight hundred ova were collected from
women, through various surgical procedures, in the late
follicular phase. One hundred and thirty-eight ova were exposed
to sperms in different culture conditions. This work led to the
discovery of capacitation of sperm and pioneered clinical in vitro
fertilization. There is an exhaustive list of experimentation,
followed by Rock and Menkin work, that was focused on
improvements in embryo culture; both for experimentation and
clinical purposes for infertility treatment.

The third era of the developmental sciences: the
1950s-to-date

After the 1950s, the embryology entered in the Third era that
is marked by successes in multiple directions. Watson, et al. [27]
discovered the double helical structure of the DNA molecule.
This discovery now opened the doors of research towards
genetics, cell biology, and pre-implantation genetic diagnosis.
Brinster [28] reported comprehensive research work on the
essential ingredients required for the normal preimplantation
embryonic development. Immense laboratory work was done
regarding the optimum pH, osmolarity, amino acid requirements
and culture volume as well as physical support that helped
successful embryo development. It led to successful attempt of
in vitro fertilization and Lousie, the first IVF female baby [29],
was born in England by Dr. Edwards and Dr. Steptoe. This
milestone opened the door of successful IVF conceptions and
live births all over the world. In Canada, first IVF baby was
delivered by Gomel and Poland in December 1983.

Clinical embryology has distinctly been separated from
experimental embryology. Contemporary directions in clinical
embryology include Pre-implantation Genetic Diagnosis (PGD),
improvements in assisted reproductive techniques for better
success rates in live births and better maternal receptivity for
the implanted embryo. In present days, the cutting edge
research in laboratories includes stem cell studies, cloning and
genetic control over developmental processes. Teratology, a
study of developmental anomalies, flourished after successful in
vitro fertilization and ability to observe the embryo
development.

Conclusion

The insight that originated about 2500 years ago in Pre-Greek
era evolved through so many diverse cultures and minds. What
embryology has achieved now, is predominantly the outcome of
research work carried out in the last 200 years. Now embryology
is not only one discipline, rather it possesses many sub-
disciplines of its own. The religious, cultural and ethical
conditions over all times were challenging for the scientists
working in developmental sciences. Nonetheless, it is a true
basic science for every other science as embryology makes the
foundation. The efforts of all, who contributed to its
development as a science, will be remembered both for
inspiration and their devotion towards research.
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