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Dear colleagues, students, respected professors, collaborators 
and respected readers. The issue you are holding in your hands 
is the third edition of the BurchGene magazine. Strong will, 
clear goals and love for science drove us to continue helping, 
inspiring and bringing simple, accessible and fun scientific 
topics to our audience. 
As a new science magazine, we are always aiming at deliv-
ering fresh and intelligent coverage of hot topics in science. 
Since the publication of the first and second issues, BurchGene 
magazine has become even more popular amongst readers. We 
were involved in the International Conference on Medical and 
Biological Engineering B&H 2017, and successfully recruited 
new sponsors, fellowships and ideas. 
We met an amazing professor of Clinical Engineering and 
Biomedical Instrumentation from the University of Florence 
(Italy), Ernesto Iadanza. This remarkable professor is the 
author of over 70 refereed journals, conference proceedings 
and book chapters. Also, the Bosnian pearls of science, Eddie 
(Edhem) Čustović and Ervin Sejdic. Eddie (Edhem) Čustović  
is an industry project manager in the School of Engineering and 
Mathematical Sciences, La Trobe University, and the found-
er/director of the La Trobe Innovation & Entrepreneurship 
Foundry (LIEF). Also, he is a member of the Institute of 
Electrical and Electronic Engineers (IEEE). Ervin Sejdić 
is young scientist and Assistant Professor at Department of 
Electrical and Computer Engineering in Swanson School of 
Engineering, as well as associate director of RFID center. In 
this number you will be able to find interesting interviews with 
our pearls, Eddie Čustović and Ervin Sejdić, as well as details 
regarding the CMBEBIH Conference 2017. 
Our focus in this issue was on interesting topics in science such 
as PDL, GMO, CRISPR-CAS9, etc., where you will be able to 
read amazing things and the latest research acquisitions.  
This issue is free of charge as it was in the previous numbers. 
All this wouldn’t be possible without our sponsors: LIEF and 
BH Futures Foundation whom we are sincerely grateful for 
supporting us every step of the way.

Enjoy reading,
The Editors

“The laws of genetics apply even if you refuse to learn them.”
-Allison Plowden

FROM THE EDITORS



3B u r c h G e n e  M a g a z i n e  |

C O N T E N T

 » p.7

4 LATEST RESEARCH NEWS
The breaking science news and articles in genetics and bioengineering. Learn about 
scientific breakthroughs in the last six months.   

6 GENETICALLY MODIFIED ORGANISMS 
GM crops can be classified into four generations according to the structure and 
strategy used for construction of their transgenes.

9 GBE CROSSWORD
Crossword terms are from genetics and bioengineering. Send picture of filled in 
crossword to BurchGene facebook page  and take your award

10  CRISPR-CAS9
CRISPR-Cas9 represents a genome-editing tool. Compared to other previous 

techniques of editing DNA, this genome tool is faster, cheaper and more accurate. 

14  FATHER OF GENETICS
Story of modern genetics goes back 150 years and begins with birth of a great mind 
and extraordinary talent. 

16  GMO POSTER
GMOs are something that have become a hot topic in recent years and 
continue to be highly debated. Look amazing GMO infographic.

18  INTERVIEW WITH ERVIN SEJDIĆ
Dr. Ervin Sejdić is an assistant professor who received the “Presidential Early Career 
Award for Scientists and Engineers” from the President Barrack Obama.

20  INTERVIEW WITH EDDIE ČUSTOVIĆ
Read about a passion for engineering, science, education, entrepreneurship, innovation 
and commercialisation with the ability to deliver exceptional project outcomes.

24  IMPORTANCE OF PDL
Different solutions may also be used for the retention of PDL cells, and this article 
explores this fact in more detail. 

26  AUTOMATIC PLANT WATERING SYSTEM
Can we automatically water our home and garden plants without bothering our 
neighbors when we decide to go on vacation or somewhere else for a long period? 

28  CMBEBIH 2017
International Conference on Medical and Biomedical Engineering CMBEBIH 
was held in the Hotel Hills in Sarajevo and is considered as the largest scientific 
conference of this type in South East Europe.

 » p.6

 » p.14

 » p.6



B u r c h G e n e  M a g a z i n e  |  M a y  2 0 1 6

History of  Genetics   2



 B u r c h G e n e  M a g a z i n e  |  M a y  2 0 1 6

History of  Genetics    3

Emina Kurta
Lejla Omerović



   |  B u r c h G e n e  M a g a z i n e6

GENETICALLY MODIFIED 
ORGANISMS

  FROM FIRST TO FOURTH GENERATION                                   

Ana Brkić 
Hana Komić

Adaleta Durmić-Pašić

Transgenic (GM) plants are those that have been genetically 
modified using recombinant DNA technology, to express 
a gene that is not native to the plant or to modify endoge-
nous genes. The protein encoded by the gene should modify 
an existing trait or introduce a new one. This technology 
may be used in a number of  ways, to engineer resistance 
to abiotic stress, such as drought, extreme temperature or 
salinity, and biotic stress, such as insects and pathogens. It 
can also be used to improve nutritional content of  the plant, 
an application that may be of  particular use in the develop-
ing world. New-generation GM crops are being developed 
for the production of  recombinant medicines and industrial 
products, such as plastics, biofuels, monoclonal antibodies, 
vaccines, etc (1-2).

The first genetically modified (GM) plant was produced in 
1983, using an antibiotic-resistant tobacco plant, and China 
was the first country to commercialize a transgenic crop in 
the early 1990s, with the introduction of  virus resistant to-
bacco. The transgenic ‘FlavrSavr tomato’ (delayed tomato 
ripening after picking) was approved in 1994 by the Food 
and Drug Administration (FDA) for marketing in the USA. 
In 1995, few transgenic crops including canola with mod-
ified oil composition (Calgene), Bacillus thuringiensis (Bt) 
corn/maize (Ciba-Geigy), cotton resistant to the herbicide 
bromoxynil (Calgene), Bt cotton (Monsanto), Btpotatoe 
(Monsanto), soybean resistant to the herbicide glyphosate 
(Monsanto), virus-resistant squash (Asgrow) and additional 
delayed ripening tomatoes (DNAP, Zeneca/Peto, and Mon-
santo) received marketing approval (3). Some of  the GM 
foods that are available in the market include soybean, cano-
la, potatoes, eggplant, strawberries, corn, tomatoes, lettuce, 
cantaloupe, carrots etc.

The lead producer of  genetically bioengineered produce in 
2014 was United States, contributing 73.1 million hectares 
of  land and accounting for 40% of  global GMO crops, 
followed by Brazil (42.2 million hectares), Argentina (24.3 
million hectares), India (11.6 million hectares), and Canada 
(11.6 million hectares). European Union has a low adoption 
rate for modified crops, the only GM crop is an insect-re-

sistant corn (4, 5).
Agricultural plants are one of  the best examples of  GMO, 
with benefits like: increased crop yields, reduced costs for 
food or drug production, reduced need for pesticides, en-
hanced nutrient composition and food quality, resistance to 
pests and disease, greater food security, and medical benefits 
to the world’s growing population, etc (6).

Genetically modified (GM) crops are a dominant agricul-
tural food product worldwide, owing to their superior pro-
ductivity. From 1996 to 2014, 357 GM crops have been ap-
proved globally.

GM crops can be classified into four generations according 
to the structure and strategy used for construction of  their 
transgenes.

A) The first generation/class: single trait

Most first-generation GM crops contain common transgene 
elements such as the cauliflower mosaic virus (CaMV), 35S 
promoter (CaMV35S-P), aminoglycoside 3′-phosphotrans-
ferase gene (nptII), phosphinothricinacetyltransferase gene 
(pat/bar), 5-enolpyruvylshikimate 3-phosphate (CP4-epsp) 
gene, nopaline synthase promoter (nos-P), and terminator 
(nos-T). ∼90% of  commercial GM crops contain one or 
more of  the six transgene elements listed above because 
of  the limited variation in high-performance transgene el-
ements (7). The first generation of  biotech crops focused 
mainly on the single gene traits of  herbicide tolerance and 
insect resistance, offering tolerance to herbicides, resistance 
to pests, and hearty resistance to environmental conditions.

B) The second generation/class: stacked traits

Second-generation GM crops are usually hybrid crosses be-
tween commercialized first-generation GM crops. The im-
portance and prevalence of  second-generation GM crops 
are increasing, due to their lower developing costs.
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On the other hand, there are two major detection prob-
lems arose with stacked trait GM crops/foods: a) in-depth 
gene analysis may require the ability to discriminate between 
stacked trait GM crops and unintended stacked trait GM 
crops (might be produced via cross-pollination between two 
single GM crop events in adjacent fields) and b) the discrimi-
nation of  mixed events from single stack traits was only pos-
sible by testing single seeds or plants, which prevents the 
technique from being used on processed GM crop products 
such as corn flour (8).

C) The third and fourth generations/classes: 
near-intragenics, intragenics, and cisgenics

Finally, the third generation of  agricultural biotechnology 
promises the use of  plants as a way towards cheaper, more 
efficient and more ecologically acceptable production of  in-
dustrial raw materials as well as cosmetics, pharmaceutical 
drugs such as vaccines, antibodies, and therapeutic proteins, 
biosensors, industrial enzymes and epoxies, plastics (9).The 
third generation of  GM crops is comprised of  so-called 
near-intragenics, or GM crops with inserted transgenic ele-
ments previously unused in other (known) GM crops (10). 
Near-intragenics are transgene constructs which originate 
from the host and undergo minimal recombination or modi-
fication, which makes their detection more difficult.

True intragenics and cisgenics are classified as the fourth 
generation of  GM crops, transgenic elements of  fourth-gen-
eration GM crops are constitutive genes. The fourth-gen-
eration GM crops/foods cannot be detected or identified 
according to thepresent transgenic elements. 

However specific order and insertion loci of  transgenes 
may provide necessary information and only way to identify 
fourth-generation GM crops/foods is to inspect the (8). The 
next generation of  biotech crops promises to include a broad 
range of  products that benefit both farmers and consumers, 
and continue to meet the global agricultural challenges.

A new line of  biotechnology based on the principle of  ge-
nome editing has come to the forefront recently, and it is 
focused on nuclease-based forms of  engineering such as the 
TALENS (transcription activator like effector nucleases) or 
the CRISPR (clustered regularly interspaced short palindro-
mic repeats)/CRISPR-associated (Cas) systems. It involves 
the creation of  precise incisions, mutations and substitutions 
in native plant and other eukaryotic cells genes (11). This 
technology will revolutionize improvement of  global nutri-
tional status, and may help plant biotechnologists avoid the 
same public controversy surrounding GMOs (12). Genome 
editing has been performed on crops such as barley, rice, 
tobacco, maize and arabidopsis, and is currently in a prelimi-
nary stage of  development.

EXAMPLES OF NEW GENERATION OF 
TRANSGENIC CROPS

* Biofortified Rice

Vitamin A deficiency causes grave health issues in the re-
gions where rice constitutes staple food. Three million pre-
school-aged children are affected by eyesight damage every 
year, due to absence of  the precursor molecule required 
for vitamin A biosynthesis, β-carotene, in the grain of  rice. 
Golden Rice (named for its golden colour due to its high 
β-carotene content) was designed by the research group of  
Ingo Potyrus and offers a viable solution for this problem.
Twogenes from other organisms (daffodil and the bacterium 
Erwiniauredovora) which code for enzymes lacking in rice 
grain were transferred into common rice thus reestablish-
ing carotenoid biosynthetic pathway within the rice genome. 
The construct was thantransferred into high yielding local 
commercial cultivars by marker-assisted back-cross breeding. 
GR2 is the most current Golden Rice technology and utilizes 
genes from two distinct provitamin A pathways, including 
the substitution of  the phytoene synthesis gene from maize 
for the analogous daffodil gene used in GR1 rice. One study 
showed that β carotene derived from Golden rice was just as 
effective as pure β-carotene and in fact more effective than 
β-carotene provided from spinach in providing vitamin A to 
children (13-16) (Figure 1.).

* Biofortified Wheat

Alteration of  wheat using biotechnology has been done for 
different health benefits. The levels of  celiac-disease causing 
gliadins have been lowered in wheat using RNAi-based tech-
nologies, while the level of  free lysine that is generally scarce 
in wheat, has been increased. Also, it provides more options 
for the proportion of  the population who are gluten sen-
sitive or intolerant, and increases levels of  micronutrients, 
such as iron and zinc (17-19).

Figure 1. The comparison of wild type rice, GR1 and GR2 
technology; difference in colour due to absence/presence of 

β-carotene (available from: http://www.goldenrice.org)
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* Artic apples

On February 13, 2015 the US Department of  Agriculture 
(USDA) approved the first genetically modified (GM) apple 
developed to resist browning. Enzymes known as polyphe-
nol oxidases (PPOs) which are naturally present in fruit and 
vegetables cause browning. When fruit is cut or bruised, 
these enzymes catalyze the oxidation of  polyphenols to qui-
nones, causing oxidative browning. Even though the dam-
age is superficial, it can affect the taste and texture of  fruit 
as well as its cosmetic qualities. In the Arctic varieties, the 
GM apples were genetically engineered to produce specif-
ic RNAs to silence the expression of  at least four brown-
ing PPO genes. The apple RNA sequences were introduced 
into Granny Smith and Golden Delicious varieties, to bind 
complementary RNA in order to form a double strand. The 
double-stranded sequence is recognized as an error (as RNA 
is single stranded), and the plant’s naturally occurring Dicer 
enzymes are sent to chop it up, resulting in no or significant-
ly fewer PPO proteins being produced (Figure 2.). Pre-cut 
fresh fruit and vegetables represent a growing trend in the 
food industry (20).

Figure 2. The schematic view of PPO enzyme reduction in 
Artic Apple (available from: http://www.arcticapples.com)

* Innate potato

The trade name “Innate” is used for Ranger Russet, Russet 
Burbank and Atlantic potatoe varieties that are genetically 
engineered to reduce the formation of  black spot bruises by
lowering the levels of  certain enzymes in the potatoe tuber 
(Figure 3.). Furthermore, they produce less acrylamide by 
lowering the levels of  asparagine reducing-sugars. Acryla-
mide level in Innate potato is reduced by 58-72% when po-
tatoes are baked, fried or roasted at high temperatures. In-
nate® Generation 2 potatoes will feature traits that address 
other major challenges facing the potato industry including 
cold storage shrinking, late blight, sprouting, acrylamide and 
black spot bruise – providing significant benefits to the en-
tire potato value chain. Innate® works with the potato’s own 
DNA to achieve desirable traits without incorporating any 
foreign genes.

RNAi gene silencing technology is used to regulate the ex-
pression of  genes responsible for the enzymatic darkening 
process. As a result, Innate potatoes are less susceptible than 

conventional potatoes to darkening and the onset of  black 
spot from bruising caused by impact and pressure during 
harvest, storage and food preparation.

The U.S. Food and Drug Administration completed its eval-
uation for two varieties of  apples genetically engineered by 
Okanagan Specialty Fruits, Inc., and for six varieties of  po-
tatoes genetically engineered by J. R. Simplot Company and 
concluded that these foods are as safe and nutritious as their 
conventional counterparts (21).

Figure 3. The difference between conventional and Innate po-
tatoes (the amount of browning and bruising waste) (available 

from: http://www.innatepotatoes.com)
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CRISPR-CAS9

  GENOME-EDITING TOOL  

Adna Zeljković 
Aldijana Čaušević

Prof. Dr. Izet Eminović 

CRISPR-Cas9 represents a genome-editing tool. Compared 
to other previous techniques of  editing DNA, this genome 
tool is faster, cheaper and more accurate. CRISPR-Cas9 also 
has a wide range of  potential applications (www.yourge-
nome.org).

As we said previously CRISPR (Clustered Regularly inter-
spaced Short palindromic Repeats) is very important in ge-
nome editing. For one night the price of  genome editing 
was reduced by 99%. Instead one year, it only takes few 
weeks to do all experiments and literally, everyone in the 
laboratory can do it.

These repeats were discovered in the 1980s in the bacteria 
E. coli, but until 2007 their function wasn’t confirmed by 
Barrangou and colleagues. They showed that S. thermophi-
lus is able to gain resistance against a bacteriophage. The 
resistance appears by integrating a genome fragment of  an 
infectious virus into its CRISPR locus.

What is CRISPR-Cas9?

Medical researchers and geneticists are able to edit parts of  
the genome by altering, adding and removing parts of  the 
DNA sequence by using this CRISPR-Cas9 technology.

Currently, this unique technology is the simplest, versatile 
and precise method of  genetic manipulation (www.yourge-
nome.org).

How does it work?

Now, CRISPR-Ca9 has been used for genome editing, and it 
requires the presence of  guide RNAs. The role of  the guide 
RNA is to bound to the Cas9 endonuclease as a ribonucleo-
protein (RNP). It cleaves the genome of  the host cell to the 
specific sites by the guide RNAs.

In the past, plasmids or viral vectors were used to make this 
component in the host cell but now in the present cas9 pro-
tein is used. The second reason why this is good is that this 

method enables the use of  guide RNAs that are chemically 
modified and which have improved nuclease stability and 
they can also reduce the risk of  triggering an innate immune 
response in the host cell (Jacobi, 2017).

The CRISPR-Cas9 consists two key molecules that intro-
duce a change into the DNA. These molecules are:

1. Cas9 enzyme. This enzyme acts like ‘molecular scissors’ 
that can cut DNA at a specific location in the two strands so 
that bits of  DNA can then be added or removed.

2. A guide RNA (gRNA). The gRNA consists a small piece 
of  pre-designed RNA sequence that is 20 bases long and is 
located within a longer RNA scaffold.

The scaffold part will bind to DNA and then the pre-de-
signed sequence will ‘guide’ Cas9 to the right part of  the 
genome. All of  this is going to make sure that Cas9 enzyme 
cuts the right point in the genome.

The main role of  the guide RNA is to find a specific se-
quence of  the DNA and to bind to it. The gRNA contains 
the RNA bases that are complementary to the target DNA 
sequence. Because of  that, the gRNA will not bind to no 
other region except to the target sequence. Therefore the 
Cas9 enzyme is going to follow the gRNA to the same loca-
tion in the DNA sequence and it will make a cut across both 
strands of  the DNA (www.yourgenome.org).

CRISPR-Cas is RNA-guided pathway which archaea and 
bacteria use to battle plasmids and phages. It is an adaptive 
immunity pathway. There is multisubunit called Csm which 
contains Cas protein and CRISPR RNA (crRNA). They tar-
get cognate nucleic acids. The complexes are thermophilic. 
They target complementary ssRNA more efficiently at 65°C 
than at 37°C (Liu, 2017).
When the DNA is damaged the cell will recognize that and 
it is going to try to repair it. The DNA repair machinery can 
be used by the scientist, so they can find the changes to one 
or more genes in the genome of  a cell of  interest.
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How was it developed?

The story begins with a bacterial immune system and it helps 
understanding how bacteria fights with viral infections. It 
turned out that a lot of  bacteria has in its chromosomes se-
quence repetitions between which are sequences originally 
from viruses. This was found by a group of  microbiologists 
that sequenced a bacterial genome, but nobody knew what 
can be a function of  these sequences. Until it was discovered 
that they can appear with a series of  genes which often en-
code proteins that share homology with enzymes that can 
affect the DNA repair (Jiang, 2017).

In the past, it seemed that the CRISPR system can actually 
be a part of  the immune system of  bacteria because it can in 
some way read the sequence of  the virus and make bacteria 
resistant to the virus in the future. But until that moment, no 

one knew that the bacteria can actually adapt to viruses. In 
that case, when the virus strikes again this bacteria, she will 
quickly make an RNA copy of  DNA template and there is a 
“secret weapon” - a protein called protein CAS9.

This protein CAS9 then scans the bacterial sequence part by 
part, and compares each part to the viral sequence and when 
there is a 100% matching it activates and cuts the viral DNA 
and makes it useless. It is important to emphasize that the 
CAS9 protein is very precise. It literally represents a DNA 
surgeon. CRISPR is functional in all types of  organisms, 
such as microorganisms, plants, animals or humans (Jiang, 
2017).

Unlike the bacterial cells were Cas9 was discovered, mam-
malian genomes have much more off-target binding sites. 
Those off-target effects have been examined extensively. 
Considering the size and complexity of  the mammalian ge-
nome, there is a concern for the use of  these new technolo-
gies (Dominguez, 2015).

What other techniques are there for altering genes?

Technologies that are able to delete, insert and modify the 
DNA sequences can define the function of  some genes and 
regulatory elements. The organization of  genetic material 
and the architecture of  the genome and its function can be 
revealed by manipulating with transcriptional regulation or 
chromatin states. Today, new genome technologies have an 
influence on pharmacogenetics and pharmacogenomics (Te-
bas, 2014).

Over the past years, scientists have learned from the effects 
of  changes in DNA about gene function. If  you are able to 
create a change in a gene, no matter if  the change is in a cell 
line or in a whole organism, then you can study the effect 
of  that change, so in the end, you can understand what the 
function of  that gene is.

In the past geneticists were using chemicals or radiation to 
cause some mutations, but they had no control where the 
mutation is going to occur in the genome. Scientists have 
been using ‘gene targeting’, by removing or adding whole 
genes or single bases, to introduce changes in specific places 
in the genome (www.yourgenome.org).

Traditional gene targeting has been very valuable, but it takes 
a long time to create a mutation and is expensive. There are 
some ‘gene editing’ technologies that have been developed 
to improve the gene targeting methods, such as CRISPR-Cas 
systems, transcription activator-like effector nucleases 
(TALENs) and zinc-finger nucleases (ZFNs).

There is also a method for parallel single-cell RNA sequenc-
ing (RNA-seq) and clustered regularly interspaced short pal-
indromic repeats (CRISPR)-pooled screens. It is called just 
CRISPR-seq (Jaitin, 2016).

Figure 1: Diagram shows the mechanism how the CRISPR-Cas9 
editing tool works. Image credit: Genome Research Limited.
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What are the applications and implications?

In 2015, researchers used CRISPR to cut the HIV virus from 
patients living cells in the laboratory, proving that this is pos-
sible. In 2016 examine was done on rats that were infected 
with HIV. CRISPR was injected in their tail and these rats 
were able to remove 48% of  HIV cells from their body. In 
the coming decades, CRISPR therapy could cure HIV (Li, 
2017).

CRISPR-Cas9 represents a potential tool that is going to be 
useful in the future for treating some of  the medical condi-
tions that have a genetic component, including cancer, hepa-
titis B or even high cholesterol (www.yourgenome.org).

CRISPR could also win one of  our greatest enemy - can-
cer. He could somehow mutate already mutated cancer cells 
that would prevent their uncontrolled proliferation. Because 
of  that cancer could in the future look like a disease that 
could be treated by injection. The first clinical trial for CRIS-
PR treatment of  cancer on human patients was conducted 
21.06.2016. in the United States. After less than a month, 
07.06.2016. Chinese scientists announced that they will treat 
patients with lung cancer, with immune cells that are modi-
fied with CRISPR in August 2016.

There are also genetic diseases, over 3000 genetic diseases 
are caused by changing only one letter in the DNA sequence. 
Therefore the scientists are creating a modified version of  
CAS9 that would be able to change just one letter in DNA 
and this could permanently cure thousands of  diseases.

The potential of  editing the germline (reproductive) cells is 
of  great interest and there has been a debate about it. In all 
of  this are involved ethical issues, because as we know any 
kind of  change that is made in germline cells is going to be 
passed on from generation to generation. In the UK and in 
most of  other countries gene editing in reproductive cells is 
currently illegal (www.yourgenome.org).

By contrast, the use of  CRISPR-Cas9 and other gene edit-
ing technologies in somatic cells is uncontroversial. Actually, 

they have already been used in some treatments of  the hu-
man diseases.

What’s the future of  CRISPR-Cas9?

One of  the latest news that shows up is technology based on 
CRISPR-Cas9-based epigenome editing. They show us level 
of  activity of  specific regulatory elements. CRISPR-Cas9-
based epigenomic regulatory element screening (CERES) is 
good for improved screening of  regulatory element activity 
(Klann, 2017).
There is an improved version of  the CRISPR-Cas9 system 
that has domains that can influence the gene expression 
(Sander, 2014).
The research is focusing on the use of  CRISPR-Cas9 in an-
imal models or isolated human cells, with the aim to eventu-
ally use the technology to routinely treat diseases in humans. 
There is a lot of  work on eliminating the ‘off-target’ effects, 
where this system is going to cut a different gene to the one 
that was intended to be edited.  
CRISPR can and it probably will be used for something 
more - designing babies. It will probably work in order to 
develop a completely healthy individual, who does not have 
a predisposition for to develop any of  diseases. Scientists 
believe that the improvement of  these techniques can slow 
down the aging process. Of  course, these are all predictions 
of  what might happen in the near or distant future. Current-
ly, all the processes are in the first stage and that the success 
and achievements of  these therapies have yet to be improved 
(www.yourgenome.org).

Better targeting of  CRISPR-Cas9

As we mentioned the guide RNA consists of  a specific se-
quence of  20 bases. These bases are complementary to the 
target sequence in the gene that is going to be edited. How-
ever, not all 20 bases need to match for the guide RNA to 
be able to bind. 
The problem is that a sequence with 19 of  the 20 comple-
mentary bases may exist somewhere completely different in 
the genome, so there is potential that the guide RNA will 

bind there instead of  the target sequence (www.neb.
com).
Then the Cas9 enzyme will cut at the wrong site and 
end up introducing a mutation in the wrong location. 
While this mutation may affect a crucial gene or an-
other important part of  the genome. 
There have been identified three types of  CRISPR 
mechanisms, of  which type II is the most studied. 
In this case, invading DNA from viruses or plasmids 
is cut into small fragments and incorporated into 
a CRISPR locus. The loci are transcribed, and tran-
scripts are then processed to generate small RNAs 
(crRNA – CRISPR RNA), which are used to guide ef-
fector endonucleases that target invading DNA based
on sequence complementarity (www.neb.com).

Figure 2: A sperm and egg cell. Carrying out gene editing in 
germline cells is currently illegal in the UK. 
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The one Cas9 enzyme that is also known as Csn1, has been 
shown to be a key player in certain CRISPR mechanisms 
(specifically type II CRISPR systems). The type II CRISPR 
mechanism is unique compared to other CRISPR systems, 
as only one Cas protein (Cas9) is required for gene silencing. 
In type II systems, this enzyme participates in the processing 
of  crRNAs, and it is responsible for the destruction of  the 
target DNA. 
Cas9’s function in both of  these steps relies on the pres-
ence of  two nuclease domains, a RuvC-like nuclease domain 
located at the amino terminus and an HNH-like nuclease 
domain that resides in the mid-region of  the protein (www.
neb.com).

To achieve site-specific DNA recognition and cleavage, 
Cas9 must be complexed with both a crRNA and a separate 
trans-activating crRNA (tracrRNA or trRNA), that is partial-
ly complementary to the crRNA. The tracrRNA is required 
for crRNA maturation from a primary transcript encoding 
multiple pre-crRNAs. This occurs in the presence of  RNase 
III and Cas9.
During the destruction of  target DNA, the HNH and Ru-
vC-like nuclease domains cut both DNA strands, generating 
double-stranded breaks (DSBs) at sites defined by a 20-nucle-
otide target sequence within an associated crRNA transcript. 
The HNH domain cleaves the complementary strand, while 
the RuvC domain cleaves the noncomplementary strand.

The double-stranded endonucle-
ase activity of  Cas9 also requires 
a short conserved sequence, (2–5 
nts) that is known as a protospac-
er-associated motif  (PAM) to fol-
low immediately 3´- of  the crRNA 
complementary sequence. In fact, 
even fully complementary se-
quences are ignored by Cas9-RNA 
in the absence of  a PAM sequence 
(www.neb.com).
Recognition requires a short PAM 
motif  (Protospacer Adjacent Mo-
tif). That motif  is flanking the 
target site and also R-loop forma-
tion and then the scission between 
guide RNA and target DNA can 
begin. Cas9-DNA interactions are 
important.
There is also a molecule called sin-
gle-guide RNA (sgRNK) which 

simplifies RNA-DNA targeting 
(Jiang, 2017).
Scientists are thrilled to find a way to 
ensure that the CRISPR-Cas9 binds 
and cuts accurately. Two ways this 
may be achieved are through: 

1. the design of  better, more specific guide RNAs and the 
‘off-target’ behavior of  different versions of  the Cas9-gR-
NA complex.
2. the use of  a Cas9 enzyme that will only cut a single strand 
of  the target DNA rather than the double strand. This 
means that two Cas9 enzymes and two guide RNAs have to 
be in the same place for the cut to be made. This reduces the 
probability of  the cut being made in the wrong place (www.
yourgenome.org).
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Figure 3: In the acquisition phase, foreign DNA is incorporated into the bac-
terial genome at the CRISPR loci. CRISPR loci are then transcribed and 
processed into crRNA during crRNA biogenesis. During interference, Cas9 
endonuclease complexed with a crRNA and separate tracrRNA cleaves for-
eign DNA containing a 20-nucleotide crRNA complementary sequence adja-

cent to the PAM sequence.
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FATHER OF 
GENETICS

  LIFE STORY                                   
Azra Frkatović

Who would have thought that everything started with those 
little green legume seeds- peas.

Story of  modern genetics goes back 200 years and begins 
with birth of  a great mind and extraordinary talent. A young 
boy called Johann Mendel (later renamed into Gregor) was 
born in 1822. in Heizendorf  (now Czech Republic). It was 
obvious that he was a true talent and extraordinary child 
from the very beginning. Not every child would wonder why 
he had a mixture of  his parents’ traits and his sisters didn’t. 
In his early age, he noticed that his older sister resembled 
their father and younger sister was more like their mother, 
but he had stocky build of  father and language skills and 
cheerfulness which he, most likely, inherited from their 
mother. His further interest in nature and exploration came 
from his involvement in work of  his father in the family 
orchard. His love for plant growing and gardening was later 
translated into love for scientific research.

His talent and gift could not go unnoticed by his teacher 
who suggested that he goes to another town, Leipnik, for 
further education. His father wasn’t eager to let him go 
away from family and family business which was Johann’s 
to inherit. But like every father who wants the best for his 
child, he sent him to Leipnik school anyway and couldn’t 
be prouder when his son graduated school with honors in 
1840.

That same year he started attending 2-year program at 
Philosophical Institute at University of  Olmutz but due to 
problems with depression he graduated three years later. 
His college professor, Friederick Franz, was impressed with 
Johann, whom he described as “a young man of  very solid 
character. In my own branch (of  science) he is almost the 
best.”

When Mendel was 21, he decided to become a monk and 
found his happiness in St. Thomas monastery in Brno. And 
that is when he was given the name Gregor. Four years later, 
he was ordained a priest. But he continued his development 
in field of  science when he was sent to Vienna in 1851 to 

continue his studies and become a teacher. Studying math 
and physics under Doppler (known for Doppler’s effect) 
and studying botany under famous botanist Franz Unger 
were only some of  the things which directed him on the 
way of  his discoveries. However, he apparently failed his 
teaching-certification exam and couldn’t continue his teach-
ing career. 

In 1854, back from his studies, Mendel began his research 
without slightest idea about what it can result in. His goal 
was never to found modern genetics but to elucidate prin-
ciples of  inheritance which were poorly understood at that 
time. He simply couldn’t agree with theory most scientists 
at that time believed in- traits of  an offspring being just a 
diluted blending of  parents’ traits. Also, he was intrigued by 
Darwin’s theory which got him thinking more deeply about 
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how things worked in the selective breeding that was used 
by farmers in his home village. Most people today believe he 
simply stumbled upon his discoveries by puttering around 
the monastery garden but looking into his life we can now 
understand that a lot was invested in his training and recruit-
ment.

But why peas? Mendel chose peas because there are many 
pea varieties and they can be easily and quickly produced. 
He crossed plants which had clearly distinct characteristics- 
tall ones with short, those having yellow seeds with the ones 
with green seeds, wrinkled with smooth, etc. He wanted to 
know more about if  new species might be created from mat-
ing parents of  different characteristics. He never created any 
new species, but he did create many different strains of  the 
same species by cross breeding various kinds of  peas in his 
monastery garden. He grew thousands of  plants and reached 
his conclusions that changed the world of  science forever.

His conclusions were as following:

* Inheritance is determined by something (which we now call 
genes) passed from parents to offspring unchanged. Genes 
do not blend!

* For each trait, one gene is inherited from each parent

* When it doesn’t appear, it may occur in future generation.

These conclusions are today commonly known as: the law 
of  segregation, the law of  dominance, and the law of  inde-
pendent assortment.

Little was known about physical basis for heredity and Men-
del was only able to document these main principles of  he-
redity with abstract mathematics.

Mendel published his findings in Journal of  Brunn Society 
of  Natural Sciences but went down completely unnoticed 
and underappreciated. He did not put much effort in pro-
moting his work since he soon noticed that it was misun-
derstood. Scientists thought that he just proved what was 
already known at that time. Even Mendel himself, thought 
these principles only apply to certain species or traits.

He died at age of  61 and at that time little did he know about 
how much his work would impact the future of  science. But 
in 1900, sleeping giant awakes when his conclusions were 
christened as Mendel’s Laws by scientists who proved the va-
lidity of  his findings. Modern day research still uses some of  
his original approaches and he was posthumously hailed as 
the father of  modern genetics. All these miracles of  modern 
genetic engineering would not be possible had it not been 
for those simple experiments that Gregor conducted in his 
pea garden.
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CURIOSITY AND PERSISTENCE

KEYS TO SUCCESS!
  INTERVIEW  

Fatima Mrkulić
Ahmed Osmanović

Dr. Ervin Sejdić is an assistant professor at the University 
of  Pittsburgh at the Electrical and Computer Engineering 
Department who received the “Presidential Early Career 
Award for Scientists and Engineers” which is the biggest 
recognition of  the US government for early career scien-
tists, from the President Barrack Obama. Sejdić’s PhD was 
in digital data processing. He is an IT expert and deals the 
most with bioinformatics, analysis and processing of  med-
ical data, i.e. he deals with examining the process of  swal-
lowing in humans. 

Sejdić says that the Bosnian scientific community has 
made a big push towards the science at the world level. 

“It is great to be back and especially to see the progress that 
the Bosnian community and Bosnian scientific community 
has made in last ten years, because I remember being here 
2008 for a similar conference and it was a very different 
environment back then. The local scientific community was 
at much lower level, it was just at its infancy. I was actually 
amazed by the talks I have listened yesterday, because you 
see that most of  the things are actually at the world level, so 
it is not really a case of  a small projects that are not relevant 
to the world. Nowadays, people are actually doing real stuff  
here in Sarajevo as well.”

Sejdić’s scientific pathway was quite interesting and on 
the question “What is the story behind this?” he said:
 
“Curiosity, at its best. After my PhD in Electrical Engineer-
ing I wanted to do something different. I started a postdoc-
toral fellowship at the Pediatrics and Rehabilitation at the 
University of  Toronto, so I have started looking at things 
and wondering what can I do. So that is how I started deal-
ing with swallowing gate and brain which are not typical 
topics that you hear about in the electrical engineering pro-
grams. I just keep making up stuff  for the greater good and 
people believe actually. It is purely just curiosity and being 
able to just ask questions. Most of  my job involves asking 
questions and apparently some of  them are really good.”

Sejdić’s name stands behind many patents which have 
the real value to the people. 

“Most of  my patents deal with swallowing but we have a 
number of  patents also dealing with the invasive medical 
devices. So the patent technology itself  is interesting story 
because it takes a long time to actually get a patent. You 
first file it and then it takes years for you to actually get it 
but that is really the part that is needed especially in engi-
neering world. We are scientists but we are applied scientists 
so we really need to transfer our knowledge in application 
domain. I think that the value of  patent is actually being able 
to transfer the knowledge back and forth between the appli-
cation and actual theory which is basically the real value of  
patent. On the other hand, of  course if  someone picks up 
your patent you can become quite rich. My friends recent-
ly became multimillionaires. They have received 750 milion 
dollars.” 

Ervin Sejdić says that the future of  intersection of  
medicine and engineering is personalized medicine.

“I think that engineering and the not just electrical engi-
neering, but the engineering in general will have profound 
effects on medicine because there is a big portion especially 
in the United States that medicine should move away from 
traditional practice where doctor just sees a patient, into 
more interaction between medical doctor and a patient. 
More interactive stage, more feedback going back and forth 
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and the only way you can achieve that is by having these 
medical devices -small gadgets that you can give away to 
patients and monitor them either remotely or wireless de-
pending on the application and to understand how the pa-
tient is doing. I think we are moving more and more towards 
the personalized medicine and you cannot do personalized 
medicine without engineering. Even genetic engineering is 
needed for DNA analysis and personalization of  medicine 
for each person.” 

To young researchers, students and readers of  Burch-
Gene magazine, Ervin Sejdić recommended:

“Be persistent simple as that, there is nothing really clever 
about what I do; it is basically persistency and asking ques-
tions. If  you ask enough questions then you are persistent 
and you will get some success and that is basically what I do. 
There is no magic how to solve things. You are going to fail 
many times, so what! You fail, you get up and continue.”
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Science and engineer-
ing do not discriminate 
against your sex, reli-
gion or your geographic 
location. ”



Can you please tell us why this 
conference is so important for our 
country? 
This conference is very important for 
Bosnia and Herzegovina for many 
reasons; first of  all, it brings togeth-
er experts from all over the world, 
people that have demonstrated out-
standing class in research and proj-
ect development. It brings people 
with wordy knowledge to Sarajevo, it 
enables young people in B&H to see 
how projects are implemented, how 
research is conducted, and it gives 
them the opportunity to open new 
doors for their own career pathways. 
What I have seen with this confer-
ence is that we have achieved a lot, 
and we have been able to connect 
young people and senior researchers 
in B&H and all over the world.

Your career is pretty rich and we 
can see that you are dealing with 
a wide spectrum of  disciplines: 
engineering, science, education, 
entrepreneurship, innovation and 
commercialization. What is the 
hidden force driving you to be so 
active and energetic? 
I consider myself  as a problem solv-
er. I see things around me by walking 
down the street, when I am driving my 
car, when I am sitting in my office…I 
am constantly thinking about the 
things that annoy me, things that 
can be improved. From the health 
care sector to agriculture to medi-
cine, we are facing problems all over 
the world and I like to solve prob-
lems that require interdisciplinary 
thinking. I am an electrical engineer, 
and I have the qualifications of  an 
innovational entrepreneur. However, 
when all of  that is thrown out of  the 

door, at the end of  the day, I am a 
problem solver! I analyze problems 
and I find solutions. When I cannot 
solve things on my own, I know how 
to adapt and I know how to find the 
right people to solve the problems. 
The most important thing for me in 
achieving this is the ability to listen. 
Many engineers and scientists seem 
to talk a lot, and we enjoy talking 
about our work, but we do not listen 
enough. It is through our ability to 
listen to other people from other 
disciplines and expertise that we can 
easily isolate what kind of  problems 
people are trying to solve. When we 
talk about research, research can be 
very niched, which means that you 
are focusing on a very small area of  
a particular research. If  you want to 
capture the captivation, if  you want 
to capture the attention of  people 
all over the world, you have to find 
topics that matter for everyone. 

You employ La Trobe University 
in order to secure many grants 
and cooperation with other insti-
tutes and Universities like Oxford, 
Virginia Polytechnic Institute, 
John Hopkins University etc. 
What is your secret? 
Again the secret of  success…there is 
no formula for success but delivery 
is crucial. When you promise some-
thing, when you go to a meeting - I 
never had a meeting without tangible 
outcomes! When I have a conversa-
tion with someone, I say: what have 
we achieved in this meeting, what do 
we want to achieve before our next 
meeting and what was the purpose 
of  our meeting? Otherwise, you’ll 
find yourself  sitting in many meet-
ings. I have met a lot of  great people 

5 QUESTIONS WITH 
THE “BOSNIAN 
PEARL” 

EDDIE ČUSTOVIĆ

PROBLEM SOLVER

ENGINEER

INNOVATOR
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with a passion for engi-
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project outcomes.
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all over the world/ I travel constantly, and I am on the road 
4-5 months during the year. It is through my travels that I 
have met many great researchers! However, what I also find 
interesting is that you can meet people in institutes that are 
not directly related to your idea of  a research work. However, 
it is that greater network that opens opportunities. You have 
mentioned some of  the institutes and universities that I have 
worked with…People want results! We are result driven. You 
must be able to deliver what you have promised. Institutes 
like the ones you have named, Oxford and GeniePolitechnic, 
are result driven institutes. They are very remarkable in what 
they do. So when you come from a smaller university or 
institute, you are working with someone that expects results. 
You cannot go into those conversations without delivering 
outcomes! I have made it my life goal to always deliver what 
I promise. Timing is everything. People who are disappoint-
ed once will never give you the opportunity again. I think 
those are the keys to success for any young person.

What are your current projects and can you briefly 
explain what they are about? 
There are two very active projects that I am currently work-
ing on. One of  them is the counter kick device. The counter 
kick device is essentially numerous microphones that are 
directed towards the mother’s stomach, and track fetal 
movements. Through our research of  fetal movement, we 
have actually uncovered that our device 
that uses the machine learning approach 
can actually detect various other phe-
nomena. This includes the heart rate, 
placenta, bowel movements etc. Through 
this research, without going back to 
my counter kick device as I have been 
interviewed about it so many times, we 
have also established cooperation with 
the Alfred hospital. This is a hospital 
in Melbourne that deals with trauma 
patients. It is one of  the leading trauma 
institutes in the world, and it has some of  
the most state-of-the-art equipment that 
is used during surgery. The machinery 
calculates percentages of  how quickly 
something needs to be done, what is the 

likelihood of  this patient dying if  we perform the follow-
ing move during surgery etc. So, our counter kick device 
is no longer a device that simply measures and tracks fetal 
movement, it is now being reimplemented to track trauma 
patient’s vital status during surgery. That data is then plugged 
back into the trauma system to allow doctors to make better 
decisions. It is a non-invasive technique that allows patients 
more comfort during certain scenarios. 
The second project that I am very proud of  is being estab-
lished with the biology department at our university. We have 
the AgroBio research facility, which is a 350 million dollar 
research facility, and the largest of  its kind in the Southern 
hemisphere. It is also one of  the two or three largest facil-
ities in the world. It is an interdisciplinary research facility 
that deals with anything from plant biology all the way to 
animal biology and physiology. The angle that we have taken 
in this project is that we have formed a partnership with a 
company in the Czech Republic called the Photon System 
Instruments (PSI). PSI is a specialist organization that 
includes scientists and the Czech academy of  sciences. They 
are responsible for research, development and manufactur-
ing of  state of  the art sensing equipment. 
Currently, we are using state of  the art sensing technology 
to track plant growth. We are tracking phenology and the 
genomics of  plants to observe how we can better adapt 
these plants to survive in today’s climate. For example, we 
are trying to feed a growing population and what we can 
extract in terms of  crop yield from wheat is that it has 
grown over the years. If  we understand when a particular 
crop is going to blossom, we can adapt its growth phase 
across many continents. One of  the biggest problems we 
are dealing with at the moment is phosphate uptake. After 
WWII, plants were in demand. We needed to grow a lot 
more food due to the famine that existed around the world. 
We started pumping all sorts of  chemicals into the ground in 
order to get more crop yield. By doing that, what we actually 
created is lazy plants. These plants expect these chemicals to 
be put into the ground in order to give the yield that they 
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normally give. The problem that we are trying to solve is 
how to optimize the uptake of  phosphate in plants. 
What we are currently doing is using an experiment where 
we have 20-30 cameras pointing at a plant sect where 
numerous plants are growing. What we do is isolate plants 
and observe why it has grown in that particular way. We 
then do DNA sequencing and look at the DNA sequence, 
observing it from a visual perspective. Infrared cameras are 
used to capture data, to see what exactly changed in this 
plant in comparison to other plants (from a visual, chemical 
and DNA perspective). Through that method, we can breed 
new plants that are less susceptible to drought, for example. 
These are two projects in which I am currently very active.

We are pleased that you recognized our potential and 
showed interest in our magazine. Therefore, could you 
please send a final message to our readers, young sci-
entists and researchers? 
To all the young people in Bosnia and Herzegovina and 
the readers of  your magazine, I want you to know that the 
diaspora of  Bosnia and Herzegovina and all of  our contacts 
are strongly behind your ambitions, and we want to support 
your growth. We want to help you develop a sustainable 
and active scientific community that works very closely with 
other institutes in Bosnia and Herzegovina, and that creates 
harmony and prosperity in this country. Science and engi-
neering do not discriminate against your sex, religion or your 
geographic location, and I wish you guys all the best in your 
future. THANKS!

THANKS TO OUR SPONSOR

“Supporting the next generation of  engineers, scientists and entrepreneurs of  Bosnia & Herzegovina”

Bosnia & Herzegovina Futures Foundation 
believes that no student should miss out on a 
quality education due to disadvantaged circum-
stances. There are many students who need your 
support to access education and technology in 
Bosnia & Herzegovina.” Their vision is to trans-
form young talents into future leaders and break 
down ethnic barriers in Bosnia & Herzegovina 
through access to technology and education. 
More info on www.bhfuturesfoundation.org
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IMPORTANCE OF 
PERIODONTAL 

LIGAMENT
  HEALTH SECTION  

Sabina Halilović
Ahmed Osmanović

Naida Sulejmanagic Hadziabdic MSc, PhD

The idea for this article concerning periodontal ligament 
(PDL) fibers came about after meeting a 13 years old fe-
male patient who had lost her central and lateral upper in-
cisors on the left side of  maxilla. The patient’s parents had 
mentioned that their dentist had recommended placing the 
avulsed teeth in a salty water solution to maintain the viabil-
ity of  the PDL cells. It was quite shocking that said dentist 
did not comprehend the basics of  avulsed tooth storage. 
As a consequence of  this, research was conducted to im-
prove the knowledge about PDL cells in our country. As 
it is known, different solutions may also be used for the 
retention of  PDL cells, and this article explores this fact in 
more detail.
The avulsion of  a tooth is a severe form of  dental trauma 
that is characterized by the rupture of  the neurovascular 
bundle and periodontal ligament (PDL) exposing the tooth 
to the environment. Ideally, avulsed teeth should be replant-
ed immediately after removal to preserve the vitality of  the 
PDL cells. Vitality of  PDL cells ensures the optimization of  
healing and minimization of  root resorption when returned 
to the mouth. However, immediate replantation rarely oc-
curs. Therefore, storage conditions are the most crucial fac-
tors in determining the vitality of  the remaining PDL cells 
and the avulsed tooth. Essentially, they should have proper-
ties similar to physiological osmolality and pH, 300 mosm/
kg and 7.4 respectively, and contain minerals and vitamins 
for effective preservation of  cells. 

Storage media of  PDL cells

The various media employed for storage of  avulsed teeth 
are HBSS, milk, egg albumin, and ect. Ideally, an avulsed 
tooth should be replanted immediately or 20-30 minutes af-
ter extraction. HBSS is extensively used as a storage medium 
in dentistry, however it is not widely available and is costly. 
Therefore, a storage media that can be readily purchased, 
readily available and affordable, such as milk, should be 
identified. 

Milk

Milk can be used as a storage solution for avulsed teeth as 
it meets the following criteria for storage media: (1) it has 
physiological pH, (2) ability to preserve the viability of  PDL 
cells, (3) low bacterial count and (4) commonly available [4 
-6]. Milk has proven to be superior to saliva in maintaining 
vitality, both in vitro and in vivo. Due to milks physiologic 
osmolarity and nutritive value, it is considered an acceptable 
interim transport medium for avulsed teeth. Its clinical ef-
ficacy is considered equivalent to HBSS for maintaining the 
vitality of  the PDL cells of  an avulsed tooth for an extended 
period of  time (up to six hours).

Hank’s balanced salt solution (HBSS)

Hank’s balanced salt solution (HBSS) is a sterile, non-toxic, 
pH balanced, isotonic salt solution commonly used for the 
irrigation of  wounds and as a standard cell culture medium 
(CM). HBSS is considered as the gold standard and is of-
ten used as a comparison reference medium to deduce the 
clinical efficacy of  other media. It is a sterile, physiologically 
balanced isotonic salt solution. The American Academy of  
Endodontics has accepted HBSS as an acceptable medium 
for avulsed teeth because of  its capability to maintain vitali-
ty and proliferative capacity of  PDL for an extended period 
of  time (up to 48 hours). It is superior to other media in 
preserving the vitality and viability of  PDL cells, and has 
shown the highest mitogenicity for PDL cells after 8 hours 
and 24 hours. 

Egg Albumin

Egg Albumin is considered as a suitable storage medium 
due to its high protein content, vitamins, water, lack of  mi-
crobial contamination and easy accessibility.  It has been 
revealed that egg albumin and HBSS media have no dif-
ference in cell viability, but there was a higher incident of  
PDL healing when compared to milk as a storage media. It 
is observed to be an excellent medium for up to 10 hours 
with the principle advantage being its availability.
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Aloevera

Aloevera is a very popular plant used in alternative medi-
cine. It is a commonly available plant and it is widely used 
in alternative medicine. Hence, the chances of  availability 
of  aloevera near the site of  injury could be relatively high. 
In dentistry, aloevera has shown to enhance defense mech-
anisms and accelerate healing process in periodontal diseas-
es by slowing or inhibiting the synthesis of  thromboxane. 
It has been found that aloevera presents a maximum mean 
percentage of  viable PDL cells (81%). At 30, 60 and 90 
mins, aloevera demonstrated 71%, 59%, 57% viable cells 
respectively. 

Contact lens solution

Contact lens use is rather popular in America, and solutions 
for storing and rinsing are sterile and saline with some pre-
servatives. Saline has been reported as an acceptable storage 
medium for up to 2 or 3 hours. However, it has been re-
vealed that contact lens solutions gave poor results in terms 
of  preserving the vitality of  PDL cells. It was suggested 
that the preservatives of  contact lens solutions (edetate dis-
odium, polyquaternium, or sorbic acid) may be detrimental 
to PDL cells causing them to become detached from the 
culture wells or the inducement of  necrosis.

Coconut water

Coconut water is a naturally isotonic fluid that is biologically 
pure and sterile. It is rich in amino acids, proteins, vitamins 
and minerals. It has been proposed that coconut water is a 
promising medium for avulsed teeth and has revealed its 
superiority to HBSS and milk in maintaining the viability 
of  PDL cells. This might be due to the nutrients within, 
such as proteins, minerals, amino acids and vitamins, which 
help nourish the cells. However, some other studies have 
reported contrary results, showing coconut water as worse 
than milk in maintaining PDL cells. Coconut water can store 
avulsed teeth for a longer period of  time such as 45 minutes. 
Another study states that if  the pH of  coconut water is ad-
justed to 7.0, it can be used as a storage media for up to 24 
hours. Due to its superior osmolality, easy availability and 

cost effectiveness, coconut 
water can be advocated as a 
viable storage media. 

Bioengineered PDL 
Tissue

The loss of  tooth can lead 
to functional, psychological 
and aesthetic problems. For 
many years, osseointegrated 
dental implants have been 
successfully used as a pop-

ular prosthetic restoration for the missing teeth. 
But, these implants have direct connection with bone, and 
can cause damage to the alveolar bone, the implant itself, and 
even the temporomandibular joint. Thus, implants should 
be inspired by natural teeth, which possess PDL cells. With 
advancement in the fields of  tissue engineering and dental 
implantology, a great number of  experiments have been per-
formed to reconstruct the periodontium around the titanium 
implants.
Osseointegration is a term first used by Branemark in the 
1960s, representing a direct connection between the implant 
and bone tissue without the periodontium anchorage. There-
fore, teeth do not have the same mobility, and this causes 
damage to the alveolar bone, the implant itself, and even the 
temporomandibular joint. The success of  the implant de-
pends on the osseointegration between the implant and the 
alveolar bone, unlike the periodontal ligament (PDL) around 
the roots of  the teeth. 
With development of  the fields of  tissue engineering and 
dental implantology, a great number of  experiments are 
performed to develop a periodontal ligament around an im-
plant. The aims of  the aforementioned experiments is to cre-
ate a bio-root, which would provide ideal conditions for the 
periodontio-integrated implants treatments in future.
Today tissue engineering is widely used in many branches of  
medicine with interesting potential applications in dentistry 
for the treatment of  missing natural tooth. 
Several clinical studies demonstrate that bioengineered den-
tal tissue could be used as successful therapy with the focus 
on a significant improvement in quality of  patient life. Fur-
ther studies are needed for the development of  these novel 
approaches because they cannot be easily applied clinically 
for various reasons such the complexity of  procedure for 
wrapping of  periodontal ligament around dental titanium 
implants.
In addition to this, aggravating factors for usage of  such 
tissue engineering implants on the daily basis are the costs 
and time required for practical applications. This should not 
be a demotivation as based on previous experiences, such as 
human genome project, which took 13 years and cost more 
than 2.7 billion dollars, it is now, 14 years later, costs around 
1000 dollars. This fact can be a driving force as new devel-
oped methods will bring reduced costs and improved speed 
of  application.

Figure 3: Schematic representation of the natural tooth, 
osseo-integrated implant and bio-hybrid implant. 
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AUTOMATIC PLANT 
WATERING SYSTEM

  ENGINEERING IN PRACTICE  
Nermin Đuzić

Since nowadays, in the age of  advanced electronics and 
technology, the life of  a human being should be simpler 
and more convenient. There is a need for many automated 
systems that are capable of  replacing or reducing human ef-
fort in their daily activities and jobs. Here, we introduce one 
such system, named automatic plant watering system, which 
is a model of  controlling irrigation facilities that uses sensor 
technology to sense soil moisture with a microcontroller in 
order to make a smart switching device to help millions of  
people. 
Can we automatically water our home and garden plants 
without bothering our neighbors when we decide to go on 
vacation or somewhere else for a long period? Since irregu-
lar watering leads to mineral loss in the soil and may cause 
rotting of  the plants, can we then somehow know if  the soil 
really needs to be watered and if  so, when exactly do we 
have to water the plants? Is it possible in any way to manage 
our plants to be watered from remote locations? These are 
some questions that can be heard quite often and answers 
to all of  them are encouraging because advanced technolo-
gy provides us a very wide range of  possibilities nowadays. 
Actually, there is a very simple and economical solution for 
all these questions and perplexities. In the form of  unique 
intersections between biological engineering and electron-
ics, the solution requires only a little bit of  knowledge on 
electronics as well as that knowledge related to botany and 
plant physiology.

Materials required

Although there are some companies selling these systems 
made in various ways, there is a simple way in which one 
can build his/her own plant watering system in just a few 
hours if  all required materials are available along with basic 
required knowledge about electronics. For the purpose of  
building this system, one will need to properly connect the 
following:
•    Plant
•    Soil moisture sensor
•    Microcontroller(Arduino)
•    Water pump

•    Circuit board
•    Water container
•    Relay module
•    Power supply (6-12 V)

Working principle

The main working principle behind this system is in connect-
ing the soil moisture sensor, which was previously embed-
ded into the plant, to the Arduino microcontroller, which is 
also connected to other electronic components listed above. 
Measurement of  soil moisture is done by the sensor which 
forwards the information and parameters regarding the soil 
moisture to the microcontroller, which controls the pump. 
If  the level of  soil moisture drops below a certain value, the 
microcontroller sends the signal to the pump and a certain 
amount of  water is delivered to the plant. Once enough wa-
ter is delivered, the pump stops working.

Applications and benefits

Automated plant watering system can be used to solve 
many problems in the world, providing both narrow and 
wide applications and solutions. There is an example of  an 
already mentioned automated watering plant system, where-

Figure 1: Materials needed for making 
Automatic Watering System
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by whenever someone goes on vacation and leaves their 
plants alone at home. This enables the plants to get the ex-
act amount of  required water,  which prevents  irregular 
watering which leads to mineral loss in the soil and for the 
latter application, there is an example of  using this system 
for medical and agricultural purposes to solve some of  the 
biggest human-related problems like undernourishment, air 
pollution and occurrence of  respiratory diseases. This sys-
tem is ideal for having big gardens, plantations or specific 
plants with own watering needs. It can be very helpful in 
agriculture to keep vegetables watered for bigger harvest 
with minimal loss due to water evaporation and runoff. The 
fact is that, according to some studies, automated vertical 
farming uses about 10 times less water and a hundred times 
less land than conventional farming, and thus growing food 
close to where it is consumed without transporting it over 
large distances. Farmers from all around the world would be 
able to automatically and without excessive effort cultivate 
and breed crops and plantations that are the most signifi-

cant, wanted and used nowadays. 
Besides obvious and some listed benefits and utilities in the 
field of  agriculture, there are also various applications of  this 
system for medical purposes.  As a medical solution, there 
is an option to implement this system in cultivating some 
plants that are effective in removing air pollutants and also 
in preventing and reducing respiratory diseases and lung 
dysfunctions, which would contribute to better air and liv-
ing quality. Therefore, using this system, people are able to 
automatically irrigate and cultivate medically significant and 
famous plants such are medical herbs, weeping fig, ferns etc., 
which contribute to the reduction of  dangerous, harmful 
and toxic air pollutants and pesticides like CO, CO2, formal-
dehyde, benzene etc.  
Other problems addressed are time-consuming processes 
like manual watering of  plants and also overuse of  water, 
since sometimes while watering plants manually, people pro-
vide a plant more water than it actually needs, which can 
have various consequences. By means of  this system, it is 
possible to control the amount of  water released from the 
process of  watering the plant. Although it can be very help-
ful for humanity in general, agriculturists, craftsmen while 
botanists are the people who would have the biggest benefit 
of  using this system.

Future possibilities

Although it seems to be more demanding and challenging, 
there are many other possibilities like creating complex con-
nections of  plants of  similar variety or so-called „Internet 
of  Plants“. Also, using more than one sensor is another idea 
for an experimental venture, but there are also many oth-
er experimental and challenge-like ideas such as using solar 
power supply, timer for setting irrigation system etc. Howev-
er, independently of  the way used to construct it, there is no 
doubt that this system can be very helpful in solving many 
problems, from those that seem harmless to those that are 
on the scale of  the most important and most dangerous ones 
for human population.

Figure 3: Automatic Irrigation System via Soil Moisture Sensing

Figure 2: Set Up of an Automatic Watering System
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CMBEBIH 2017
  CONFERENCE                                   

Nermin Đuzić
Lejla Omerović

Dina Osmanović
Hana  Šahinbegović

From 16th  to 18th March, 2017, the International Con-
ference on Medical and Biological Engineering CMBEBIH 
was held in the Hotel Hills in Sarajevo and is considered as 
the largest scientific conference of  this type in South East 
Europe organized by the Society for Medical and Biological 
Engineering in BiH  with our professor doc.dr. Almir Badn-
jević as its Chairman. Co-organizers of  the conference were: 
University of  Banja Luka Medical School, University Clini-
cal Center of  Sarajevo, Faculty of  Mechanical Engineering 
and Computing at the University of  Mostar, International 
Burch University, Faculty of  Pharmacy of  the University of  
Sarajevo and Medical School of  the University of  Tuzla.

The conference was also supported by the International 
Federation of  Medical and Biomedical Engineering (IF-
MBE) as the main organization for biomedical engineering 
in the world, and the European Society for Engineering and 
Medical Sciences (ESEM). The conference had a technical 
sponsorship and support by the Institute of  Electronics and 
Electrical Engineers (IEEE).

A complete publication of  120 accepted papers was per-
formed by Springer, one of  the largest and most famous 
publishing houses in the world.

In addition to the scientific part, three industrial workshops 
were presented at the conference. One was led by Oracle, 
another by BioIRC, which was attended by a large number 
of  surgeons from BiH, featured software presentation for 
vascular surgery planning, while the third workshop was led 
by prof. Eddie Custovic from La Trobe University in Aus-
tralia. The theme of  this workshop was to create a platform 
for the development of  industry in the field of  medical and 
biological engineering in BiH and to fund the best start-up 
ideas thanks to the YEP project which also supported the 
conference.

 Over 700 participants from nearly 40 countries of  the world 
attended the conference. Beside very diverse and informa-
tive scientific part of  Conference held through oral sessions, 
poster sessions, invited keynote lectures and industry panels 
participants had a chance to enjoy exciting social events as 
well.

As a result of  the three-day conference, besides the authors 
of  the works published their papers in Springer, scholar-
ships were awarded to the best students in BiH, cooperation 
was established to form a unique laboratory in BiH, 9 start-
up ideas entered the process of  obtaining financial resourc-
es, all interested students have been given the opportunity to 
obtain Master and PhD positions worldwide.



   B u r c h G e n e  M a g a z i n e  | 29

Ernesto Iadanza is currently a professor Clinical Engineering 
and Biomedical Instrumentation at University of  Florence, Italy.  
Being author of  over 70 refereed journals, conference proceed-
ings and book chapters within his research fields Health Care 
Engineering and Clinical Engineering, he has a rich research and 
work experience. He is also a biomedical consultant in the field 
of   healthcare informatics and medical devices certifications. 
The topic of  his speech was:  „Biomedical and Clinical Engi-
neers: the key to success is a wide knowledge“.

After receiving B.E.Sc. and Ph.D. degrees in electrical engi-
neering from the University of  Western Ontario, London, 
Ontario, Canada in 2002 and 2008, respectively, Ervin Se-
jdić was a postdoctoral fellow at the University of  Toronto 
from 2008 to 2010 with a cross-appointment at  Canada’s 
largest children’s rehabilitation teaching hospital.  From his 
earliest exposure to research, he has been eager to contribute 
to the advancement of  scientific knowledge through care-
fully executed experiments and ground-breaking published 
work. This has resulted in co-authoring over 80 publications 
in the last 5 years. 
His research interests include biomedical signal processing, 
vascular aging, gait analysis, swallowing difficulties, advanced 
information systems in medicine and rehabilitation engineer-
ing. In the topic of  his speech: „From big data to functional 

outcomes: Can we use big data to understand functional changes in swallowing, gait and handwriting?“, where he presented 
his efforts to develop computational biomarkers that can characterize temporal and spatial signatures and their relationship 
to other variables. More specifically, he elaborated his efforts to develop computational biomarkers for detecting swallowing 
difficulties, gait changes and handwriting changes.

After many months and days of  impatience and excitement, long-awaited Conference on Medical and Biological Engineer-
ing finally saw the daylight. The conference was started with opening ceremony, during which many important and famous 
persons, scientists, organizers and government representatives  delivered their speech. Current Head of  EU Delegation to 
Bosnia and Herzegovina  ambassador Lars-Gunnar Wigemark,  Prime Minister of  Canton Sarajevo Elmedin Konaković, 
Mayor of  the City Sarajevo Abdulah Skaka, professor and engineer at La Trobe University in Australia and active member of  
the Institute of  Electrical and Electronics Engineers and also our two professors, namely Damir Marjanović, who is actually 
the Rector of  International Burch University and Almir Badnjevnić, Chairman of  the CMBEBiH, are among people who 
had the opportunity to address their message to the audience.  
Afterwards, two hours of  plenary lectures were held, where three world experts,  Ervin Sejdić, Ernesto Iadanza and Nesrin 
Hasirci attracted the public attention wth their speeches.  

The third and the last plenary lecture on the topic „Multifunctional Biomaterials and Tis-
sue Engineering Applications“ was held by Turkish professor of  chemistry and researcher 
Nesrin Hasirci, whose speech gave examples of  the application areas of  biomaterials 
involving molecules at one end of  the spectrum and finished devices in the other. It 
covered molecular approaches as well as molecules functional in preparing and modi-
fying biomaterials, medical devices and systems, tissue engineering and artificial organs. 
Her achievements include researches in biomaterials and biocompatibility, synthesis of  
polymers as biomaterials, characterization, surface modification and analysis, testing of  
biocompatibility.
Also, many plenary sessions were held during, not only the first, but also other days of  
the conference, in which various scientists, students from different countries, universities 
and scientific branches had opportunity to present their works and researches. It is also 
important to mention that educative workshop on the topic „Demonstration of  Software 
PlannerVasc and CFDVasc“ was held during the first day. 
The very end of  the first day passed in the sign of  two social events. Firstly, BioIRC Serbia Cocktail party and B2B Meeting 
Point was held, being considered as the first social gathering of  the Conference. It was a relaxing evening event during which 
attendees had the opportunity to talk to colleagues while enjoying drinks. Also, there was a student party, in which students from 
different universities and countries had an opportunity to meet each other and have a night for remembering.
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Mr. Tawab Hamidi, current Oracle Business Develop-
ment Director, opened the session of  plenary lectures with 
speech on the topic „Digital/CX Transformation in Health-
care“. Hamidi is an accomplished Healthcare leader with 
over 16 years of  IT industry experience. He has worked and 
attained experience in a broad heterogeneous IT environ-
ment within Healthcare industry. He has authored papers 
for healthcare magazines, served as a subject matter expert 
for interviews with magazines and TV channels, and is a 
regular speaker/presenter at industry conferences.

Next keynote speaker was professor of  chemistry at Bilkent 
University in Turkey, Sefik Suzer, one of  the leading scien-
tists in surface science and spectroscopy. He is a member 
of  Turkish Chemical Society, American Chemical Society, 
Society of  Applied Spectroscopy and many other societies. 
Having over 173 publications, prof. dr. Sefik Suzer won Sci-
ence Award of  the Scientific and Technical Research Council 
of  Turkey. His research areas are Analytical Chemistry, Ma-
terials Chemistry, Surface Chemistry. He delivered a speech 
about „Use of  Layer-By-Layer Deposition Technique for 
Inserting AntiBacterial Nanoparticles and Their Character-
ization by XPS“.

Program of  the second day of  the conference started with three plenary lectures held by Tawab Hamidi, Sefik Suzer and 
Shankar M. Krishnan.

Subsequently, after these plenary lectures, two professors from our department, Almir Badnjević and Enisa Omano-
vić-Mikličanin held the promotion of  their book „Introduction to nanotechnology“.  
In next 2 and a half  hours, poster session with 43 posters was successfully  held prior to other sessions of  plenary lectures 
like previous day. There were plenary sessions on various biological and engineering topics: Biomedical Signal Processing, 
Biomedical lmaging and Image Processing, Bioinformatics and Computational Biology and so on. 
Afterwards, another workshop, “Building a thriving Medical and Biological Engineering Industry in Bosnia and Herzegovi-
na”  was held. On that workshop many panel experts including some sound names like Adnan Čustović, Edhem Čustović, 
Almir Badnjević, Ervin Sejdić, Pete Finnegan and others, talked about suggestions, opportunities and possible solutions for 
development of  medical and biological engineering in our country. Also, there was  an Innovation challenge, where students 
from our university had an opportunity to present their ideas regarding biological and medical engineering that could be 
beneficial in the future for our society, and which will be considered for possible start – up financing.
At the very end of  this day, Gala Dinner was organized for members and participants of  the conference.

The last plenary lecture for the second day of  conference 
was held by Shankar M. Krishnan about „Innovative Tech-
nologies in Emerging Clinical Cardiovascular Applica-
tions“. Professor Shankar has over thirty years of  broad 
spectrum international professional experience in biomedi-
cal engineering education, research and development, med-
ical product design, clinical engineering and project man-
agement. He served in management positions in academia, 
medical devices industry, and hospitals.
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Having a unique opportunity and honor to open the last day’s con-
ference program, Christopher James delivered an educative lecture 
on neural networks, complex algorithms and new advancements ti-
tled as “Independent Component Analysis in Brain Signals.” 
Actually, James is a professor of  biomedical engineering and neuro-
sciences at the University of  Warwick, UK, whose research activity 
centers on the development of  biomedical signal and pattern pro-
cessing techniques, as well as the use of  technological innovations, 
for use in advancing healthcare and promoting wellbeing. Till now 
he has published over 160 papers regarding neural engineering in 
many biomedical engineering journals and refereed conferences. In 
2013, professor James was awarded the prestigious Sir Monty Finn-
iston Achievement Medal by the IET.

The second and the last keynote lecture entitled as “Neu-
roprosthetic technologies to restore movement and com-
munication of  people with paralysis” was held by professor 
Tomislav Milekovic, who was born and graduated in Zagreb, 
Croatia in 2006. He got his Ph.D. at Imperial College in Lon-
don, UK and is nowadays considered as one of  the leading 
scientists in neuroprosthetics, which is the field that com-
bines the knowledge of  mathematics, engineering and neu-
roscience.

The last day of  the conference began with plenary lectures, that were held by two professors and keynote speakers: Cris-
topher James and Tomislav Milekovic, whose speeches closed the series of  very interesting, useful and educative keynote 
lectures.

Afterward, last plenary sessions on the following topics were held: Biomedical signal processing, Pharmaceutical engineering 
and Genetic engineering.  
Finally, the whole event and one of  the biggest conferences in South Eastern Europe ended with the closing ceremony, 
during which members of  the local organizing committee were awarded for their successful organization and effort they 
invested. Lejla Gurbeta, president of  the local organizing committee, delivered a speech addressed to participants and con-
ference organizers, expressing her gratitude, happiness and excitement along with an invitation to the next Conference on 
Medical and Biological Engineering in 2019.
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