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Dear colleagues, students, respected professors, collaborators 
and respected readers, we are glad to share with you the latest 
issue of  BurchGene magazine, which is full of  enthusiasm, 
very entertaining, completely informative and what is the most 
important, written in simple, popular and understandable manner 
for every reader interested in science. In this issue you will find very 
interesting facts in the form of  scientific reviews, posters, news etc.  

At the very beginning of  this issue, we will introduce you with 
famous professors and scientists from the field of  genetics and 
bioengineering, whose origin is our beautiful country-Bosnia 
and Herzegovina. You will have opportunity to read their short 
biographies and meet some of  their greatest scientific and 

academic achievements.

The second article in this issue gives the reader an opportunity to 
meet  interesting facts about  5 long living animals with genetic and 
evolutionar background.  You will be able to find some secrets lying 

under their genomes.

This issue also deals with statistics as the most commonly used 
tool for many analyses and scientific  data representation. Based on 
many interesting examples, this article provides a reader with few 
tips on how to deal with the very huge amount of  (mis)information. 

Readers will also be able to enjoy reading the article about genetics 
behind the San and Khoe group of  people, which are believed 
to have high frequency of  the oldest mtDNA haplogroups and 

Y-chromosome haplogroups.

We are glad to announce that we successfully continued the 
cooperation with colleagues from Faculty of  Science Sarajevo, 
who give us opportunity to enjoy reading two very beneficial and 

informative articles regarding gene therapy and plant genome.

Finally, the last topic, but not the least, is one dealing with vaccines, 
which is considered as one of  the most  popular topics nowadays. 
You will be able to recall the history of  immunization process and 
to get familiar with components and basic working principles 

behind vaccination.  

This issue is free of  charge as it was case with previous ones. At 
the end, we are going to express thankfulness to our sponsors: 
International Burch University and Institute of  Metrology of  
Bosnia and Herzegovina , whom we are sincerely grateful for 

supporting us every step of  the way.

Enjoy reading,

 The Editors

“Sometimes the smallest step in the right direction ends up being 
the biggest step of  your life”

-Naeem Callaway

FROM THE EDITORS
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Genetics as the study of  heredity, genes and genetic variation on the one side,  and bioengineering as an 
umbrella term on the other side, used to describe and encompass virtually all engineering branches 

that can be combined with biological principles with the special emphasis on biomedical 
engineering,  are among the most popular, the youngest and the most promising scientific 

branches nowadays, not only in the world but also in the our country as well.  In order 
to achieve and reach the success at its utmost level and be widely recognized and 

approved, science utilize people who do not regret to dedicate their lives, 
love and efforts to pursue and ensure better scientific backround in 
their community. In this article, given are short biographies of  ten 

most prominent and famous scientists from above mentioned 
scientific branches  with focus to their achievements and 

contribution to community.      

Avdo Sofradžija Rifat Hadžiselimović

Professor Avdo Sofradžija is one of  the oldest and the most 
prominent geneticists in our country. He was born in 1940 near 
Foča, where he completed elementary and secondary education. 
He successfully defended his Ph.D. thesis, titled “Kariology and 
Cytotaxonomic Relationships of  Leuciscus Families of  the Water 
of  Bosnia and Herzegovina“ at the Faculty of  Science in Sarajevo 
in 1977.
As assistant and professor, he established curricula of  several 
courses, among which  Evolution, Human Genetics, Biological 
resources, Genetic engineering and Biotechnology and Biosystems 
are worth mentioning. He is one of  the founders of  the Center 
for Human Genetics in Bosnia and Herzegovina.
Dr. Sofradžija has published over 200 scientific and professional 
papers, books and book chapters in domestic and foreign journals 
and has managed or participated in the realization of  36 scientific 
and research projects and studies. He took participation in about 
40 scientific meetings in our country and abroad. He is a member 
and functioner of  several domestic and international scientific and 
professional organizations,  head of  several scientific conferenc-
es, a member of  the editorial team of  professional and scientific 
journals .

Also one of  the oldest and the most famous Bosnian geneticists 
professor Rifat Hadžiselimović. He was born in Šiprage, Bos-
nia and Herzegovina on January 7, 1944. After completing high 
school in Banja Luka,  he enrolled at the Faculty of  Sciences in 
Sarajevo in 1962, where he graduated as a Biology teacher in 1966 
and completed his Masters in Biology, more precisely, Anthropol-
ogy in 1971 at the Faculty of  Science and Mathematics, University 
of  Zagreb, Croatia. His Master thesis was entitled “Historical 
aspect of  the change of  relative frequency of  two allelogens in 
human populations”. He obtained his Ph.D. in Biology in 1976 at 
the Faculty of  Science, the University of  Sarajevo on the subject 
of  “The Genetics of  ABH antigens secretion in the population of  
Bosnia and Herzegovina”. 
Since 1966 he has been employed by the Faculty of  Science, the 
University of  Sarajevo on following courses: Human Genetics, 
Genetic Engineering and Biotechnology, Molecular Biology, 
Evolution, Bioanthropology, and Biomedicine. Since 2013, after 
more than 45 years of  service, he was appointed Emeritus and 
acts as a scientific adviser in Institute for Genetic Engineering and 
Biotechnology, University of  Sarajevo.

FAMOUS BOSNIAN SCIENTISTS 
FROM THE FIELD OF  

GENETICS AND BIOENGINEERING

Nermin Đuzić
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Ljubomir Berberović Damir Marjanović 

Professor dr. Ljubomir Berberović was born in Sarajevo in 1933. 
Within the period  from 1951 to 1958 he studied biology at the 
universities of  Ljubljana and Sarajevo.  in 1964 he received his PhD 
in Sarajevo with his thesis being related to microevolution, and 
subsequently continued his academic carrier  as a lecturer, working 
firstly as associate professor from 1970 and then from 1975 as a 
full-time professor. Also From 1985 to 1988 he was the rector of  
the University of  Sarajevo.
In 1978 he became a corresponding member and then in 1984 full 
member of  the Academy of  Sciences and Arts of  Bosnia and Her-
zegovina. Since 2006, he is also a corresponding member of  the 
Montenegrin Academy of  Sciences and Arts.
He is a scientist whose name and achievements are well recognized 
and mentioned in many encyclopaedic and lexicographical litera-
ture, among which it is important to mention “Who is Who in Yu-
goslavia”, and “Who is Who in the World”. The fact that supports 
these information claims that he  he became Vicepresident of  the 
Union of  Genetic Societies of  Yugoslavia in 1970.

Professor dr. Damir Marjanović is a 44-year full professor at the 
Department of  Genetics and Bioengineering at the International 
Burch University Sarajevo. He was also a scientific advisor at the 
Institute for Genetic Engineering and Biotechnology Sarajevo and 
is also currently employed as a research associate at the Institute for 
Anthropology, Zagreb, Croatia. In the period from 2012 to 2013, 
he was Minister of  Education and Science in Canton Sarajevo. In 
addition, he was engaged as an expert in the field of  forensic genet-
ics for OSCE (Kosovo), the European Agency for Reconstruction 
(Serbia) and the International Commission for Missing Persons 
(Bosnia and Herzegovina), the Ruđer Bošković Institute and the 
Genos Scientific Company (Croatia). His major scientific area of  
interest includes forensics, population and molecular genetics, and 
molecular anthropology. Damir published 4 books, 8 chapters of  
books, more than 60 scientific and review articles and summaries 
in CC, WOS, Scopus journals, and a total of  about 190 scientific 
papers, abstracts and other scientific publications. He has also been 
invited lecturer to more than 40 different international scientific 
conferences around the world.

Mirsada Hukić Amina K. Kozarić 

Professor Mirsada Hukić, the specialist in the field of  Microbiol-
ogy, Virology and Microbial Genetics, was born on 27th March 
1950. In the year 1992, she obtained her Ph.D. degree at Institute 
for Experimental medicine, University of  Tuzla, Bosnia and Herze-
govina. Through her academic career, she attended numerous sci-
entific conferences, workshops, summer specialization schools etc.; 
she was a member and president of  many scientific organizations 
such are The European Centre for Disease Prevention and Control 
(ECDC), the Antimicrobial Resistance and Healthcare-associated 
Infections (ARHAI) Networks, World Health Organisation etc. 
She acquired many awards and acknowledgments, among which 
the most recent one is the State Award for Science in International 
Science field, the highest scientific award in Bosnia and Herzegovi-
na, which was awarded to her in December 2017. Mirsada has pub-
lished more than 330 scientific and professional papers and was the 
author and co-author of  13 published books. Additionally, Mirsada 
works as a Corresponding Member of  Academy of  Science and 
Arts of  Bosnia and Herzegovina • Department of  Medical Scienc-
es, Sarajevo, Bosnia and Herzegovina, and is also the president at 
Institute for biomedical Diagnostic and Research NALAZ.

Prof. Dr. Amina Kurtović-Kozarić is one of  the leading experts 
in the field of  Molecular Biology and Molecular diagnostics in our 
country. Professor Amina was born in 1980 in Tuzla, but she lived 
in the United States of  America for seven years during high school 
at Friends’ Central School and undergraduate studies at Cornell 
University. Afterward, she decided to obtain her Ph.D. degree in 
Vienna, Austria in the field of  neurobiology and genetics. Her the-
sis was titled “Characterization of  putative odorant receptors in D. 
melanogaster”. She was also Fulbright Scholar during the academ-
ic year 2012/2013 in Taussig Cancer Center at Cleveland Clinic, 
Cleveland, USA. Additionally, she was a visiting scholar at many 
institutions including Brigham and Women’s Hospital, Boston, and 
Johns’ Hopkins University School of  Medicine. Her special scien-
tific contributions are as follows: establishment of  diagnostic and 
translational cancer research laboratory in Bosnia and Herzegovi-
na, the establishment of  tumor bank, the establishment of  molec-
ular diagnostics for hematology and oncology etc. Her papers were 
published in highly approved and famous journals such as Nature, 
Leukemia and British Journal of  Haematology.
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Eddie Čustović Almir Badnjević

Edhem (Eddie) Čustović is a professor and a person with a passion 
for engineering, science, education, entrepreneurship, innovation 
and commercialization. Eddie was born in Bosnia & Herzegovina 
and lived for extended periods in Switzerland and Germany before 
migrating to Australia. His multicultural background and multilin-
gualism enable him to take a politically and culturally sensitive ap-
proach to life, volunteer roles and professional career. His current 
research encompasses work with four of  five La Trobe University’s 
Research Focused Areas; Building Healthy Communities, Secur-
ing Food Water and Environment, Transforming Human Society 
and Sport, Exercise and Rehabilitation. Eddie is an academic and 
industry project coordinator in the School of  Engineering and 
Mathematical Sciences, La Trobe University and is a member of  
the Centre for Technology Infusion which focuses on strategic and 
translational research and innovation through the integration of  
complementary research expertise.  Also, Eddie is a chairman and 
founder of  Bosnia and Herzegovina Futures Foundation, which 
aims to transform young talents into future leaders and break down 
ethnic barriers in Bosnia & Herzegovina through access to technol-
ogy and education.  

A young scientist, engineer and professor Almir Badnjević is actual-
ly the first and the only person in Bosnia and Herzegovina holding 
Ph.D. title from the field of  biomedical engineering. After finishing 
both primary and high school as a student of  generation,  Almir 
enrolled at Faculty of  Electrical Engineering in Sarajevo, where he 
finished both Bachelor and Master degree programs. Afterward, he 
decided to move to Faculty of  Electrical Engineering and Com-
puting, University of  Zagreb, in order to obtain his Ph.D. degree.      
Nowadays, dr. Badnjević is the director and founder of  Verlab, the 
appointed laboratory for verification of  medical equipment in BiH. 
Almir also works as a professor and head of  the Department of  
Genetics and Bioengineering at the Faculty of  Engineering and 
Natural Sciences at the International Burch University. His work 
and effort have been recognized by the prominent American Mar-
quis, who included him on the list of  the most prominent people 
in the world – the Who is Who in the World list, among significant 
and the most important people in the world of  science, economy, 
culture, art etc.

Ervin Sejdić Dušanka Bošković

Mr. Sejdić is one of  the world’s most famous researchers from the 
field of  Biomedical Engineering. He received his Bachelor of  Engi-
neering Science degree in electrical and computer engineering from 
the University of  Western Ontario in 2002. Subsequently, he con-
tinued a graduate program in electrical and computer engineering 
at the same university where he finally obtained his Ph.D. degree 
in January 2008. Three years later, Sejdić joined Harvard Medical 
School as a research fellow in medicine, where he specialized in 
geriatrics (cardiovascular and cerebrovascular monitoring of  older 
diabetic adults His research fields of  interest include the creation 
of  computational biomarkers indicative of  age- and disease-relat-
ed changes in functional outcomes such as swallowing, gait and 
handwriting.  Sejdic has also made contributions in computational 
medicine, implantable medical devices and biomedical engineering, 
including a novel brain-machine interface modality based on tran-
scranial Doppler sonography. Nowadays,  Ervin Sejdić is a profes-
sor and researcher at the Swanson School of  Engineering, Univer-
sity of  Pittsburgh,  where he directs a research laboratory focused 
on engineering developments in medicine.

Prof. dr. Dušanka Bošković was born on June 30th, 1963.  She 
finished the first cycle of  study at Faculty of  Electrical Engineering 
Sarajevo in 1986 at the Department of  Automatics and Electron-
ics. Afterward, several years later, namely in 2004 she obtained her 
MSc. degree and in July 2013 her Ph.D. degree at the same faculty as 
mentioned. In the period from 2000 to 2003, she got a certificate in 
Computer Science,  Java Programming and Database Applications 
from Loyola University Chicago via Distance Learning Program. 
Since March 2014, she is a member and president of  Assembly at 
Society for Medical and Biological Engineering in Bosnia and Her-
zegovina. Besides this, her memberships include also Institute of  
Electrical and Electronics Engineers, Food Engineering TAB Ad 
Hoc Committee, Association for Computing Machinery etc. She 
is currently a university professor and IT developer and trainer at 
Faculty of  Electrical Engineering in Sarajevo. Her fields of  inter-
ests include biomedical engineering, signal processing, fuzzy logic, 
where she showed her expertise by publishing numerous scientific, 
conference papers and other research items. 
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Institute of Metrology of Bosnia and Herzegovina (IMBIH) represents the national measurement institute in 
BiH that is directly responsible to the Council of Ministers of Bosnia and Herzegovina. Institute of Metrology 
of Bosnia and Herzegovina is established on Law on the Establishment of the Institute of Metrology of B&H 

(„Official Gazette of B&H“, no. 43/2004). In addition to this law the Institute has other laws:
 » Law on Metrology of Bosnia and Herzegovina („Official Gazette of B&H“, no. 19/2001)
 » Law on Units of Measurement of Bosnia and Herzegovina („Official Gazette of B&H“, no. 19/2001)

Institute of Metrology of B&H

           Laboratories of IMBIH

 » Laboratory for Mass
 » Laboratory for Precious Metals 
 » Laboratory for Pressure and Vacuum
 » Laboratory for Volume
 » Laboratory for Density and Viscosity
 » Laboratory for Temperature and 
Humidity
 » Laboratory for Length
 » Laboratory for Calorimeters
 » Laboratory for Gas Flow and Volume 
Meters
 » Laboratory for Electrical Quantities
 » Laboratory for Time and Frequency

 +387 33 568 901

Augusta Brauna 2, 71000 Sarajevo, 
Bosna i Hercegovina

info@met.gov.ba

Institute of Metrology of B&H
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THE IMMORTAL 
FIVE

  LONG LIVING ANIMALS  

Emina Imamović 
 Amra Džuho 

1.  ASIAN ELEPHANT
The average lifespan for an elephant is between 50 
and 70 years. They have few predators due to living 

in close-knit communities and their size. Their youngs ma-
ture, usually, by the age of  8 to 13. Females give birth every 5 
years. Researchers observed elephants kept in zoos to find the 
answer to the question: “How long do elephants live?” The 
study showed that zoo elephants die at significantly younger 
age than those who live in wilderness. The shorter lifespan is 
thought to be caused by stress, lack of  exercise and obesity.
Lin Wang was the oldest elephant ever. He was a young 
pachyderm when he was recruited to move supplies for the 
Japanese army during World War II. This interesting elephant 
even managed to survive difficult journey from Burma to 
China. In 1949, when China fell to Communists, Lin Wang 
was brought to Taiwan where he was placed in a zoo. He died 
at the age of  86 in 2003.

As a result of  advancement in all branches of  science, human lifespan has increased dramatically over the past 
century. Some scientists have remarked that, in the not-so-distant future, life expectancy might increase even more. 
Scientists have been working on this frontier, getting closer every day to understanding how genes, mutations and 
environment work together to affect the aging process. Big part of  the aging-process research involves studying 
various species across animal kingdom that have large lifespan. Understanding the genetics behind their aging and 
how they survive for so long might provide some clues to the process itself. Today, we present to you 5 long living 
animals, with secrets in their genome that wait to be unlocked.

2. KOI FISH
Koi is a fish that is descended from the carp and was 
developed by farmers of  Eastern Asia because of  its 

bright color patches. There are over 20 varieties of  koi fish. 
They differ in color, patterns and type of  scales. Koi fish has 
lifespan of  approximately 50 years but there are many that 
can live over a century. Koi Hanako is a great example of  this 
long-lived species. 
Hanako was a beautiful scarlet coloured female fish living in 
Japan. Her name means “flower girl”  in Japanese. 

Dr. Komei Koshihara was her last owner and he made 
a broadcast through radio station about the story of  koi 
Hanako to the whole Japanese nation in 1966. At that time, 
Hanako was 215 years old and had 7.5 kilograms. Her actual 
age was confirmed by analyzing the rings on her scales using 
light microscope. The rings showed a pattern of  wide growth 
followed by a more narrow growth. That difference was due 
to the seasonal changes of  summer and winter. Hanako had 
to be extracted from the pond in the deep mountains of  
Mino Province and brought to Laboratory of  Animal Sci-
ence, Nagoya Women’s College to determine her exact age. 
This extraordinary fish died in 1977 at the age of  226.
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3. IMMORTAL JELLYFISH
The immortal jellyfish is also known as Turritopsis 
dohrnii. T. dohrnii, instead of  dying, gets younger 

and younger. This could be because of  its ability to change 
one type of  cell into another one, which is similar to the dif-
ferentiation of  human stem cells.
The studies show that once the adults form of  this species 
reproduce, they do not die but transform back into their 
juvenile polyp state. They shrink, retract their tentacles and 
sink to the bottom of  the ocean where their life cycle starts 
all over again. Their life ends only if  they get eaten by another 
fish or if  they get sick. 
There are three types of  turritopsis jellyfish: the dohrnii, the 
nutricula and rubra and it is not easy to differentiate them. 
Among them Turritopsis dohrnii is the most investigated in 
the laboratories. 

4. GIANT TORTOISE OF GALAPAGOS
Among the most famous fauna of  Galapagos are the giant 
tortoises. There are two main morphological forms of  this 

specie: the domed carapace which live on the larger islands and the 
saddle-backed carapace living in arid conditions. Giant tortoises are 
herbivores, feeding on cactus pads, grasses and native fruit. When 
water supply is available they drink large quantity and store it in 
their bladders. 
The longest-living tortoise, Jonathan, was born in the Seychelles 
archipelago in the Indian Ocean. He was given as a gift in 1882 to 
the governor of  St. Helena when he was about 50 years old. Today 
he resides on the tiny Atlantic island of  St.Helena and is 183 years 
old, although life expectancy of  these tortoises is 150 years.

5. BOWHEAD WHALE
The Bowhead Whale is named after huge bow-shaped 
mouth that also makes it look like it is smiling. It is 

one of  the longest living mammals in the world. This species 
can live for over 200 years and due to their low body temper-

ature. The lower the animal’s body temperature, the longer it 
can live. 
Apart from their longevity they are considered to be the sec-
ond largest mammal on earth. They can grow up to 18m in 
length and weigh up to 100 tones. Despite their size they are 
still able to leap entirely out of  the water. 
Bowheads are also famous for their extensive reper-
toire of  calls and even complex songs used to com-
municate with each other. These whales are at their 
noisiest when the water is the coldest and the ice is the 
thickest which leaves them in almost total darkness.  

AND WHY?
There are many factors in the aging process whose decline is 
affected with many mechanisms such as: mutations, decreas-
ing insulin/IGF-1 (insulin-like growth factor-1) or TOR (tar-
get of  rapamycin) kinase -mediated signaling and mitochon-
drial activity (Gems & Partridge, 2013). Interaction between 
these genetically distinct mechanisms controls logetivity and 
understanding how they work is a fascinating problem in 
biology.
One of  the examples of  studying these mechanisms is the 
study of  the nematode Caenorhabditis elegans and Drosoph-
ila melanogaster (Tóth et al, 2008). The study showed that 
mutational inactivation of  autophagy genes accelerates the 
rate of  aging in the nematod because autphagy genes are 
involved in the degradation of  damaged cytoplasmic partst-
hat accumulate in all aging cells. Drosophila flies, which are 
deficient in autophagy are also short-lived.These findings sug-
gest that the autophagy genes may act as essential regulatory 
mechanism of  animal aging.
Another study on the nematod Caenorhabditis elegans was 
based on the fact that the nematod respons to conditions of  
limited food and over crowding by development as a dauer 
larva (The age-1 and daf-2 gene (Larsen, Albert & Riddle, 
1995). Certain genetic mutations were done which altered 
dauer larva formation ( daf  mutations ). Mutations in the 
daf-2 and daf-23 genes doubled the life-span of  the nema-
tod (Honda & Honda, 1999). On the other hand , mutations 
in daf-1,daf-4, daf-7 and daf-8 do not increase the life span 
(Lakowski & Hekimi, 1996). Life span is supressed com-
pletely by daf-16 and partially by daf-2;daf-18 double mutant. 
Alteration of  daf-12 does not extend the life span itself, but 
in the combination with daf-2 mutations mearley quadruple 
it. This effect is the largest genetic extesion of  life span yet 
observed.
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Statistics are an enourmous part of  modern information acquiring. 
On a daily basis, mainstream media are just popping out with 
spectacular headlines such as “90% of  dentists recommend Colgate” or 
“study shows 30% increase in autism occurrence”. 
What they often fail to inform you about is the bigger picture, 
which is, in case one, that questioned dentists were allowed 
to recommend more than one toothpaste; and for the autism 
‘statistic’, the headline fails to inform you about the new definition 
of  autism, which now encompasses a much wider spectrum of  
conditions. What would have once been diagnosed as mental 
illness, by the new definition of  autism- is autism. This, of  course 
doesn’t change the number of  children with the disorder, it just 
regroups them.
Now, companies want to look good in the eyes of  the public 
or sell a product; and scientists are under pressure to constantly 
publish papers, even if  they don’t produce any significant results. 
These (and many more) are reasons behind you running into a 
headline with a spectacular statistic in the newspapers about a new 
toothpaste or danger of  autism. 
Alas, in statistics, one can rarely pin down a person and say 
“You are lying!”, because they didn’t technically lie, but merely 
manipulated the data to suit their purposes. This article can be 
your little detection toolkit and help you deal with the overload of  
(mis)information. These are some of  the holes to look into, when 
presented with statistical information.

The Sample With a Built-in Bias

‘A psychiatrist reported once that almost everyone is neurotic.’
When polls are conducted, people who are doing them need to 
make sure that everyone who participates has equal chances of  
getting into the poll. Otherwise, we say that the sample is biased. 
For example, the psychiatrist saying that almost everyone is 
neurotic, comes from the fact that he only questioned people 
who are neurotic. If  you were not neurotic, you would not visit 
a psychiatrist. Thus, his sample is not representative of  the 
population. Making a sample bias-free is not an easy business, so 
next time, when you encounter an infographic saying something 

like “60% of  Bosnian people...”, let the skepticism for that number 
float in your mind for a while.
A perfect example of  a biased sample occurred in the early days of  
opinion polls, in 1936 in the US, when a magazine collected over 
two million postal surveys and predicted that the winner of  the U.S. 
presidential election would be Alf  Landon, opposed to Franklin 
Roosevelt, and by a large margin. However, the results turned out 
to be exactly the opposite. Why? Because the people involved in 
the survey were all readers of  that same magazine, meaning that 
they shared similar opinions and were more likely to choose a 
Republican candidate over a Democrat.

The well-chosen average

Let’s suppose that I’m a real estate agent who wants to sell you a 
particular house. Let’s also suppose that you are a bit of  a snob 
and you really want to live in a wealthy neighbourhood and look 
and feel fancy among your peers. Then, an information about the 
average income of  the neighbourhood might come in handy for 
me. I can, 100% truthfully and honestly tell you that the average 
year income of  that neighbourhood is respectable, let’s say $150 
000. 
That is, of  course, true. The mathematical average all of  us learned 
in school, in statistics is called mean (refresher: mean is calculated by 
adding up all the counted values and dividing the sum by the total number of  
values). Now, this number is often useless and, worse, misleading, 
because, hearing the word ‘average’ makes us think of  it being 
representative of  the majority of  population. But this is often 
not the case with mean. In our neighborhood for example, most 
people probably earn much, much less than 150 000$ a year, but they 
maybe have the fortune to live in the same street as one celebrity 
singer who earns xfold more money and skews the average. When 
presented with this type of  data, it is best to look for other two 
types of  important statistical averages: the mode and the median. The 
mode is the number that occurs most often in a sample of  values, 
and the median is the number which is right in the middle of  all 
given values, so that 50% of  values are above it, and 50% are under 
it. These two numbers will often more accurately represent the real 
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situation of  the data being showed.

Graph manipulation

When presented with a certain statistic, there exists a human 
tendency to give it more credibility if  it contains a graph, probably 
due to ‘scientific’ appearance, and most people are just lazily 
flinching their eyes on the graph, without much interest for what 
the graph is actually saying. That’s why presenting misleading 
graphs is a perfect nest to lay eggs of  manipulation. There 
are entire books written dedicated to ways in which one can 
manipulate a graph, but here are the most common and most 
‘effective’ ones.

1. Truncated graph

Does anything seem wrong with the graph above? Don’t see it 
yet? It is not so surprising. Thing is, the graph visually appears as 
though number of  Democrats who agree with the court is three 
times bigger than that of  Republicans. However, if  you look 
at the y-axis, the difference between them is mere 8%, but the 
graph doesn’t start at 0 (it is truncated, torn) so the difference seems 
significant, visually fooling anyone who isn’t paying close attention.

2. Axis manipulation

This trick is the opposite of  the truncated graph. Here, the 
baselines and axes are used, but they are changed to the point of  
losing any true meaning. 

Both of  these graphs display exact same information. The 
difference is just in scaling the axes.  The number of  millions did 
not change, but if  you have no idea what the graph is supposed to 
be presenting, it will easily lead you to false understanding of  the 
issue.

3. Cherry-picking data

This type of  graph manipulation is maybe the most reprehensible 
one, because the intention of  deception is so painfully obvious. 

Based on this, the UK national debt is increasing; but the bigger 
picture reveals it is actually much lower than it used to be.

If  you’re trying to be a master deceptor, pick some data that suits 
your point, and omit every other information on the graph that 
goes against it; cherry-picking is a wonderful tool.

Misuse of  the margin of  error

Every scientific study should have a margin of  error, a measure 
of  its accuracy. We will not go into how the margin of  error is 
determined; let’s just remember it exists. The margin of  error tells 
us to which extent the data might vary in reality from the sample 
that was actually tested. So, let’s say that people have taken an 
IQ test. The determined margin of  error is ±3 points. It would 
be misleading of  us to say that a person who scored 108 points 
is more intelligent than the one who scored 106 because the 
difference between them falls within the margin of  error. It may 
well be that the first persons actual IQ is 105 and the second ones 
is 109. 

The margin of  error, though obviously important, is often not 
presented in articles which crave fast clicks of  their viewers.

Three questions as weapons to fight falsehood

We’ll leave you with this:

if  the statistic you’re reading is important to you; its truthfulness 
is something that matters to you, quickly scan it by asking yourself  
the following questions:

Who says so?

Look for the conscious bias. Maybe the research team is trying to 
‘prove’ something for the sake of  reputation, or they are financed 
by some company to establish certain results. 

How do they know? 

Look for evidence of  a biased sample, an improperly selected one 
or a too small one. If  the study reports a correlation between two 
things, ask yourself  is the sample big enough to mean anything.

What’s missing?

Did the article fail to mention the size of  the sample? Did they 
leave out the information about the standard error? They maybe 
said that the ‘toothpaste was 50% more efficient’. Compared to 
what? To other toothpastes? Or to brushing without a toothpaste? 
If  the report-article omitted any of  the relevant information, that 
omission should cost the writer your attention.

Sources for this article include the book How to lie with statistics Darrell 
Huff  and the following website articles: http://www.businessinsider.com/how-
to-lie-with-statistics-2011-7
https://www.fastcompany.com/1822354/7-ways-lie-statistics-and-get-away-it
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Y  AND mtDNA OF 
KHOE-SAN PEOPLE

   THE OLDEST HAPLOGROUPS                                    
The San and Khoe group of  people that can be found in southern Africa today are actually remnants of  much larger 
population that used to be the only group situated there before the arrival of   Bantu-speaking groups in the past 1,200 years 
and sea-borne immigrants within the last 350 years. Majority of  these people were hunter gatherers and cattle herders and have 
for the most part, kept this lifestyle to the present day. Their language is unique as it incorporates various click consonants 
(clicking sounds, such as tsk pronounced in English language when expressing disapproval, that serve as consonants). While 
these groups are fascinating from   historical and linguistic perspective, this article will focus on their genetic structure, which 
is just as interesting. The Khoisan populations (Khoisan is a joint term used to refer to both groups) are relatively small 
and yet exhibit a wide variety Y-chromosomal and mtDNA diversity. Many of  the Y-DNA and mtDNA lineages observed 
are quite rare and diversity within lineages themselves possibly dates more than 50.000 years ago. A study has found that 
these populations have high frequency of  the oldest mtDNA haplogroups (L0d and L0k) and Y-chromosome haplogroups 
(haplogroups A and B) (Henn et al,2011).

Dženeta Šišić
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Mitochondrial DNA studies
African mtDNA can be divided into seven macro 
haplogroups unlike the rest of  the world’s lineages which are 
classified as subgroups of  macro-haplogroups M , N and R. 
The first split in mtDNA phylogeny occurred between its 
two daughter branches L0 and L1’2’3’4’5’6 (L1-6), located 
on opposite sides of  the root. The split is considered to have 
happened 133 000 – 155 000 years BP. Cases for this split 
are unknown as the reliable hypothesis cannot be given due 
to lack of  archeological evidence. Recent studies, however, 
suggest climate fluctuations as reason for the split. Today, 
Today, the L1-6 branch haplogroups are far more widespread 
while the L0 haplogroups are limited to certain subSaharan 
African population groups. Studies that were done before 
L0 haplogroup was recognized as sister haplogroup to L1-6 
suugest that the expension of  subtypes of  haplogroups 
found within L0 and L1 hapgroups are consequence of  early 
expansion of  modern humans from an area often though to 
be East Africa to the rest of  African continent. While traces 
of  this event were partially erased by expansion of  other 
clades such L2 and L3, traces of  these early groups can still 
be found in Pygmy groups of  central Africa and Khoe-San 
people. High frequencies of  L0d and L0k haplogroups can 
be found among Khoe-San group. Haplogroup L0d was 
found in the !Xun and Khwe at frequencies of  51% and 
16%, respectively, while L0k was found at frequencies of  
26% in the !Xun and 23% in the Khwe. Another study on 
the same groups obtained results d frequencies of  61% and 
22% of  L0d and L0k, respectively, in the combined group. 
L0d was found to be the most prevalent group among 
Ju\’hoansi from Botswana at 96% while the remaining 4% 
of  mtDNA lineages belonged to the L0k haplogroup (Figure 

Figure 1: mtDNA haplogroup frequencies among Khoe-San

Figure 2: Y haplogroup frequencies among Khoe-San

1). These haplogroups are found either not all or in very low 
frequencies in the rest of  sub-Saharan African populations. 
Hypothesis used explain these include either prolonged 
diffusion or early division of  initial population (Schlebusch, 
2010).
Y-chromosome studies
When it comes to Y-chromosome the structure upon which 
it’s tree is based is that of  binary polymorphisms. The 
primary split in this tree resulted in A and B haplogroup 
branches that are restricted to Africa. These genetically 
diverse clades are associated with e distribution of  ancient 
hunter-gatherer tribes before the expansions of  pastoralists. 
Another haplogroup that is common to Afria is haplogroup 
E defined by M168 mutation. Studies that were done on 
Khoe-San people were done on the following groups: the 
Platfontein Khwe and !Xun a mixed group of  Ju\’hoansi and 
!Xun and a mixed group of  Ju\’hoansi, !Xun, Khwe, Nama 
and Dama. These studies have discovered that Khoe-San 
people carry high frequencies of  the most ancient lineages on 
the Y chromosome tree (Haplogroup A and B) and some of  
these variants, like A-M51 and A-M23 derived lineages, are 
found exclusively in Khoe-San(Figure 2). Khoe- San also have 
high frequencies of  Bantu associated haplogroups with some 
of  them, like Khwe population that posses  higher frequencly 
of  these E haplogroups rather than A and B haplogroups 
(Schlebusch, 2010). 
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SUICIDAL RNA MOLECULES AS 
POWERFUL TOOL IN CANCER GENE 

THERAPY

  CANCER GENE THERAPHY                                   

Our future is locked away inside 
of our genes. Gene therapy is 
unlocking these doors for us. 
The wide field of gene therapy 

promises a number of innovative treatments 
that can become important in preventing 
deaths caused by cancer, which is terrible and 
widespread disease, mentioned almost every day.

Cancer is the name given to a collection of  related diseases. 
In all types of  cancer, some of  the body’s normal cells begin 
to divide without stopping and spread into surrounding 
tissues. Cancer can appear almost anywhere in the human 
body. Old cells instead of  dying, grow out of  control, 
forming new, abnormal cells (Davis, 2016). Although 
cancer is a genetic disorder, the abnormalities are generally 
polygenic and genetic variation between individuals or even 
tumors within the same patient can be substantial. Ideally, 
gene therapy should provide treatment of  affected cells and 
widespread tumors in the body, with a minimal effect on 
normal cells (Das et al., 2015)
Gene therapies are considered as promising therapies 
applicable to broad range of  diseases. The majority of  gene 
therapies in clinical trials identified targeted cancer diseases. 
Gene therapy is an experimental technique that uses genes 
to treat or prevent disease. In the future, this technique 
may allow doctors to treat a disorder by inserting a gene 
into a patient’s cells instead of  using drugs or surgery. This 
approach is different from traditional drug-based approaches, 
which may treat symptoms, but not the underlying genetic 
cause of  a disease (McCain, 2005).
To design the best possible approach, scientists need to know 
all about the gene factors in the disorder. For example, which 
tissues does the disorder affect, what role has the protein 
encoded by the gene plays within the cells of  that tissue, 
and exactly how mutations in the gene affect the protein’s 
function (Roth & Cristiano, 1997).
Delivering therapeutic genes into patients’ cells using efficient 
and safe vectors is a challenge that gene therapies are facing. 

There are two major categories: viral and non-viral vectors to 
deliver a gene to the cells where it’s needed. Once it’s inside, 
the cell’s gene-reading machinery uses the information in the 
gene to build RNA and protein molecules. The proteins (or 
RNA) can then carry out their job in the cells. In the case of  
RNA, a subset of  noncoding RNAs, microRNA (miRNA) 
and small interfering RNA (siRNA), are appearing as popular 
effectors for gene therapy. Functioning through the RNA 
interference (RNAi) mechanism, miRNA and siRNA show 
potent ability in silencing oncogenic factors (Zhong et al., 
2016). So, scientists are using a natural mechanism that cells 
used to defend against cancer millions of  years ago. 
Conventional chemotherapies systemically disrupt cell 
division, causing different and often very serious side effects 
as a result of  collateral damage of  normal cells. On the 
opposite, gene therapy works in the way to target only cancer 
cells. One of  the tools which could be used is therapeutic 
regulation that is conditional, activating selectively cancer cells 
are different kinds of  RNAs, called suicidal RNA.
RNA is a good material for engineering conditional 
therapeutic regulation because of  following reasons: (I) RNA 
is in perfectly  suited for detecting mRNA disease markers 
via simple base-pairing; (II) RNA is well suited for interfacing 
with endogenous biological pathways to effect treatment; (III) 
nucleic acid base-pairing provides a versatile programmable 
chemistry for engineering mechanical function, providing 
flexibility in approaching the design of  therapeutic 
transducers (Venkataraman et al., 2010). 

History
Cancer, an awful and widespread disease, is mentioned almost 
every day. Statistic says that approximately 39.6% of  men and 
women will be diagnosed with cancer at some point during 
their lifetimes (based on 2010-2012 data). Therefore, the fight 
against cancer  increased over the past few decades. However, 
this increase does not main that there was no effort made to 
fight cancer in the past. 
Gene therapy represents the idea of  modifying a person’s 
DNA to treat certain diseases. It is a major milestone in 
medicine. In 1989, the concept of  human gene therapies has 
emerged with the first approved human gene therapy trial of  
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Rosenberg et al. (McCain, 2005)
Since the end of  20th century gene therapy and RNA 
molecules based on RNA interference have showed as a good 
way to beat cancer. (Lundstrom, 2015)
RNA-based therapeutics includes ribozymes, aptamers and 
siRNAs, and it has been used since 1980s, when the catalytic 
part of  RNA was discovered. It was a long road from  
looking at RNA as simply molecule and intermediate between 
DNA and protein to use of  its functions at its best - RNA 
interference. (Rossi, 2012) The main year for this method was 
1998, when the RNA interference is discovered as a method 
to control messenger RNA (mRNA) (Takashi Tsujiuchi, 
2014).
RNA therapy can be classified as the mechanism of  activity, 
and include inhibitors of  mRNA translation (antisense), the 
agents of  RNA interference (RNAi), catalytically active RNA 
molecules (ribozymes), and RNAs that bind proteins and 
other molecular ligands (aptamers) (Rossi, 2012).
RNA molecules who are used in this method are usually 
siRNA, microRNA (miRNA). The development of  this 
molecules started with basic research on microscopic worms 
(Caenorhabditis elegans) (Maupas, 1900)  in 1970s and 
ended up by the year 2000 with the whole new and especially 
unexpected discovery (Kasinski, 2015).

DISE (Death Induced by Survival 
gene Elimination)
Off-target effects (OTE) represent an undesired side 
effect of  RNA interference (RNAi) caused by substantial 
complementarity between siRNAs and unintended mRNAs 
(Patel & Peter, 2018). 
There are three types of  seed-dependent OTEs (sOTEs). 
Type I is characterized by unintentional targeting through 
the guide strand seed of   siRNA. The seed on the designated 
siRNA passenger strand when loaded into the RNA-induced 
silencing complex (RISC) is activated is what causes type II 
sOTE. In fact, type I and II sOTEs will cause unpredictable 
cellular responses. On the contrary, in sOTE type III the 
guide strand seed 
preferentially 
targets essential 
survival genes 
which leads to 
death induced 
by survival gene 
elimination 
(DISE) (Putzbach 
et al., 2018).
William Putzbach 
and his associates 
showed that 
many si/shRNAs 
can kill cancer 
cells by targeting 
multiple survival 

genes (specifically 3’UTR) through the so called DISE. Cells 
without Drosha and Dicer, devoid of  most miRNAs, are 
hypersensitive to DISE, which suggests that cellular miRNAs 
protect cells from this form of  cell death. 4666 shRNAs 
derived from the death receptor CD95 and its ligand CD95L 
mRNA sequences and an unrelated control gene, Venus were 
tested. They found many toxic sequences and most of  them 
were located in the open reading frame of  CD95L. They have 
proposed that specific toxic RNAi-active sequences present in 
the genome can kill cancer cells (Putzbach et al., 2017).

Huntington siRNA Highly Toxic to Cancer Cells
One of  the RNA molecules which can be used in cancer 
gene therapy is siRNA derived from trinucleotide repeats 
(TNRs). This kind of  RNA molecule reduces cancer 
incidence in Huntington’s disease (HD) patients. HD is an 
autosomal dominant neurodegenerative disorder caused 
by a CAG trinucleotide repeat expansion in the HD gene 
(due to replication slippage) (Rubinsztein & Carmichael, 
2004).  When an inverse correlation between the length of  
the repeats in Huntington (HTT) gene and cancer incidence 
for HD patients has been reported, scientists started looking 
for a reason. Until now, it has been proven that the siRNAs 
based on trinucleotide repeats are especially toxic to cancer 
cells. Andrea Murmann and her colleagues at Northwestern 
University showed that siRNAs based on the CAG TNR are 
toxic to cancer cells by targeting survival genes that contain 
long reverse complementary TNRs in their open reading 
frames. They included 60 siRNAs based on the different 
TNRs in their research. The six molecule members of  CAG/
CUG family of  related TNRs showed the biggest toxicity 
against both human and mouse cancer cells. siCAG/CUG 
TNR-based siRNAs induce cell death in vitro in all tested 
cancer cell lines (human and mouse ovarian, breast, prostate, 
liver, brain, lung, skin, and colon cancer cell lines). These 
molecules also decreased tumor growth in a preclinical 
murine cancer model without signs of  toxicity (Murmann et 
al., 2018). Schematic synopsis is given in Figure 1. 

Figure 1. siRNAs based on TNRs are highly toxic to cancer cells, explaining low cancer inci-
dence in triple repeat disorders (Murmann et al., 2018)
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siRNA and melanoma

In the case of  melanoma, the use of  an experimental 
treatment of  gene therapy is justified since this disease is 
incurable in its advanced stage. Melanoma, also known as 
malignant melanoma, is a type of  malignant skin cancer 
that develops from the pigment-containing cells known as 
melanocytes. In melanoma, c-Myc expression and activation 
are essential for cancer cell proliferation (Mannava et al., 
2008). Downregulation of  c-Myc protein induces apoptosis 
in melanoma cells and sensitizes the tumor cells to anticancer 
drugs (Chen et al., 2010). It has also been shown that 
overexpression of  MYC oncoprotein inhibits apoptosis 
triggered by paclitaxel in human melanoma (Gatti et al., 
2009). Yunching Chen and colleagues have used a targeted 
nanoparticle formulation that can specifically deliver c-Myc 
siRNA into tumor tissue. Using a systemic delivery vehicle 
carrying siRNA against c-Myc could effectively downregulate 
the c-Myc oncogene in the murine melanoma model (Chen 
et al., 2010). As predicted, downregulation brought tumor 
growth inhibition. The therapy activity could be further 
enhanced by combining it with a commonly used first-line 
chemotherapy agent. Apoptosis was significantly induced 
after the treatment with c-Myc siRNA compared with the 
control siRNA (Chen et al., 2010). c-Myc expression in the 
tumor after treatment with siRNA in different formulations is 
presented in Figure 2.

Figure 2: c-Myc expression in the tumor after treatment with 
siRNA in different formulations (Chen et al., 2010)

Selective Cell Death Mediated by 
small conditional RNAs
Another example of  using RNA as a tool in cancer gene 
therapy are small hairpin-shaped molecules known as small 
conditional RNAs, which are less than 30 base pairs in length. 
In normal cells, small conditional RNAs exist stably while in 
cancer cells containing a cognate mRNA cancer marker, small 

conditional RNAs undergo a hybridization chain reaction to 
mechanically transduce between detection of  the marker and 
formation of  a long nicked dsRNA „polymer“ that activates 
protein kinase R (PKR), inducing an innate immune response 
that leads to cell death (Figure 3.) (Venkataraman et al., 
2010). PKR is a part of  the antiviral immune response within 
mammalian cells. If  PKR detects long double-stranded RNA 
(usually viral) within a cell, it triggers a cell-death pathway to 
eliminate the cell. Accordingly the small conditional RNAs 
trick cancer cells into self-destructing by selectively forming 
long double-stranded RNA polymers that mimic viral RNA.

The process was tested on lab-grown human cells derived 
from three types of  cancers: glioblastoma, prostate carcinoma 
and Ewing’s sarcoma (a type of  bone tumor). Three different 
pairs of  small conditional RNAs were used. Each pair was 
designed to recognize marker found in one of  three types 
of  cancer. The molecules caused a 20- to 100-fold drop in 
the numbers of  cancer cells containing a cognate marker but 
no measurable reduction in cells lacking the marker. In fact, 
molecule engineered to kill one type of  cancer cells did not 
kill the other two types of  cells (Venkataraman et al., 2010). 

Beating Therapy-Resistant Breast 
Cancer with pRNA Nanoparticles
Medical scientists from the University of  Cincinnati College 
of  Medicine, led by Xiaoting Zhang, have developed 
multifunctional RNA nanoparticles that could overcome 
treatment resistance in breast cancer. Bacteriophage phi29 
packaging RNA (pRNA) is a small viral RNA which is 120 
bases long and is transcribed from the left end of  the phi29 
genome used as delivery vehicle (Guo & Haque, 2013). 
They were very promising and lead to more effective clinical 
treatment for breast cancer patients. In breast cancer cells, 
MED1 (Mediator Subunit 1) protein is often produced at 
abnormally high levels and when it is eliminated cancer cell 
stop to grow. HER2 (human epidermal growth factor) is 
found on the surface of  normal breast cells, promotes the 
growth of  cancer cells and in HER2 positive patients HER2 
is amplified. Zhang’s previous studies have shown that MED1 
co-overexpresses and co-amplifies with HER2 in most cases. 
It has been shown that their interactions play key roles in 
antiestrogen treatment resistance (Zhang et al., 2017). Most 
breast cancers express estrogen receptors, and tamoxifen 
(anti-estrogen drug) has been widely used for their treatment. 
In therapy, up to half  of  all estrogen receptor-positive tumors 
are either unresponsive or develop resistance to the therapy 
later on. To overcome breast cancer treatment resistance 
researches used a nanodelivery system to target MED1, a 
protein that triggers tumor growth, and HER-2 positive 
breast cancer (Zhang et al., 2017). The HER-2 receptor is 
the most popular among gene therapy targeting strategies. 
They also used tamoxifen to sensitize the cancer cells. 
RNA nanoparticles were able to bind selectively to HER2-
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overexpressing breast tumors (Zhang et al., 2017). Once 
bound the nanoparticles can eliminate MED1 expression 
and this significantly decreases estrogen receptor-controlled 
target gene production. The RNA nanoparticles reduced 
the growth and spread of  the HER2-overexpressing breast 
cancer tumors and sensitized them to tamoxifen treatment 
(Zhang et al., 2017). Moreover, nano-process sensitizes the 
cancer cells so they become susceptible to conventional 
chemotherapy drugs, and combined with tamoxifen treatment 
led to a dramatic reduction in the cancer stem cell content 
of  breast tumors (Zhang et al., 2017). The nanoparticles 
have first been tested by using an animal model due to 
biosafety concerns. After administration in animal models 
nanoparticles efficiently targeted and penetrated into HER2-
overexpressing tumors. While further studies are required, 
one thing is certain, these findings are highly promising 
for potential clinical treatment of  advanced metastatic and 
tamoxifen-resistant human breast cancer.

Conclusion
 At the present time, it has become increasingly difficult to 
ignore the role of  cancer in social health. Although huge 
budget is allocated to cancer research every year, cancer 
remains the second global cause of  death.

RNA interference possesses extraordinary ability in targeting 
cancer-related genes. RNAi based therapy indicates that RNAi 
application for targeting functional carcinogenic molecules 
tumor resistance to chemotherapy and radiotherapy is 
required in today’s cancer treatment. Knock down of  gene 
products by this technology exerts antiproliferative and 
proapoptotic effects upon cell culture systems, animal models 
and in clinical trials in the most studies.

RNA therapeutics face considerable obstacles such as 
development of  reliable delivery systems, dosage regimes 
and techniques to improve off-target effects. Most of  the 
researches have been successful in vitro and in animal models 
but can this be achieved in human patients remains to be 
seen.

Hopefully, specific toxic RNAi-active sequences will be the 
efficient treatment for cancer patients in near future.
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POLYMORPHISMS 
OF EXTRANUCLEAR 
GENOME OF PLANTS

  PLANT GENOMES                                   
The term “extranuclear” refers to the genome found outside 
of  the nucleus, i.e. the genetic material of  the organelles: plas-
tids and mitochondria. Transposons or transposable elements 
are also included in this category, as they are not “fixed” in a 
specific place of  the cellular genome. All three are found in 
plants, and their diversity has become a topic of  many studies.

The Plastid Genome
Chloroplasts are active metabolic centers which convert solar 
energy to carbohydrates through the process of  photosynthe-
sis and oxygen release. Photosynthesis is often seen as the key 
function of  plastids, but they also play important roles in the 
synthesis of  amino acids, nucleotides, fatty acids, plant hor-
mones, vitamins and metabolites. Thus, we can conclude that 
the plastid genome is involved in many metabolic processes. 
It is known that plastids harbour their own DNA, which is 
also called plastome (1). The first evidence for genetic materi-
al in plastids was reported at the beginning of  the last century 
based on observations of  non-Mendelian inheritance of  leaf  
phenotypes. In 1986., the first plastide genome sequence was 
published (2).
Most of  the plants inherit plastides and mitochondria 
through the paternal parent, in a non-Mendelian fash-
ion. But this phenomenon is not definite; it is found 
that plastids can be inherited biparental and paternal 
too. Angiosperms inherit their plastids from the female 
gamete and Gymnosperms inherit from the paternal 
gamete (pollen) (3). There are some alternative mech-
anisms which can result in maternal inheritance, such 
as degradation of  DNA of  the paternal plastids in the 
genus Chlamydomonas or through DNA excluding in 
the developing pollen grain (Angiosperms) (4).
Scientists revealed that plastid genome is similar to the 
genome of  Cyanobacteria, which led them to the con-
clusion that plastids could originate from endosymbiotic 
Cyanobacteria. This process happened 1,2 billion years 
ago and during the endosymbiosis mixing of  genomes 
occured. Most of  the plastome (90-95%) is integrated 
into the nuclear or mitochondrial genome of  the eukar-
yotic host cell, which means that part of  their genome 
is of  cyanobacterial ancestry. For instance, 18% of  the 

protein-coding genes in the genus Arabidopsis are actual-
ly cyanobacterial (1 & 4). During this process, the original 
plastid genome was reduced to 100-250 genes (5-10% of  the 
genome) coding for genetic and photosynthetic systems. The 
genetic system genes include those for transfer and ribosomal 
RNA, large and small ribosomal proteins, RNA polymerase, 
translation initiation factors and for the enzyme maturase, 
which is involved in intron splicing. 
The photosynthetic genes include those for light-dependent 
and light-independent pathways, although many genes have 
been lost during the transfer to the nuclear genome. Much 
greater gene reductions were found in land plants that have 
a parasitic lifestyle, which leads us to the conclusion that the 
photosynthetic genes aren’t essential for their survival. For 
example, the plant Epiphagus virginiana (L.) W. Bart. has a 
plastome with only 42 genes (4).
It is found that plastome is less diverse in comparison to the 
nuclear genome, but it is seen as an advantage, since com-
parisons can be made easily across all clades of  plants. The 
structural and sequence variation in the plastomes is valuable 

Figure 1. Schematic representation of  the chloroplast genome 
found in Oryza minuta J.Presl.
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for understanding of  the climatic adaptation of  
economically important crops and for identi-
fication and conservation of  useful traits. The 
plastide genome consists of  multiple copies of  
circular double-stranded DNA and it’s length 
vary from species to species.  Plastid DNA 
is not assembled into chromosomes nor is it 
independent. Plastomes are organized into 
nucleo/protein complexes, called nucleoids. 
The genome consists of  units of  120 - 160 kbp 
in length, but according to Wolf  (2012) (4), it 
is no longer than 218 kpb, although the longest 
reported plastome is more than 500 kbp. The 
DNA is subdivided into four sections where 
two sections are identical copies of  a large 
inverted repeated region (1 & 4).
Studies have shown that plastomes can not 
only be circular, but linear, concatenated and 
even branched too. The replication mechanism 
is still poorly understood, but scientist propose 
that a few replication processes could be occur-
ing.  Most plant cells  contain multiple copies 
of  the plastome. For example, one wheat cell 
can have more than 50 plastids, and about 300 
copies of  each plastid per cell, which brings us to 15,000 
copies of  plastomes in only one cell. Although the plastome 
is small compared to the nuclear genome,  the plastid genome 
makes up to 20% of  the total plant genome in some species 
(4 & 5 ).

The Mitochondrial Genome
One of  the main postulates of  endosymbiotic theory, which 
is now widely accepted, is that mitochondria, just like plastids, 
have originated from an α-protobacterial endosymbiont. The 
crucial evidence for this theory is the presence of  a circu-
lar genome in mitochondria, which probably used to have 
thousands of  genes, but got reduced over time as some genes 
became redundant, some were transferred in the nucleus etc. 
The size of  mitochondrial genome (or mtDNA) varies greatly 
among taxa, but in most, it has retained genes responsible for 
the production of  ATP through oxidative phosphorylation. 
The plants are particularly remarkable in this regard: their 
mitochondria can contain larger genomes than any other 
organelle, however this size may vary considerably among 
closely related species. The smallest known mtDNA is that 
of  a chlorophyte Polytomella capuana Pringsheim (Chla-
mydomonaceae), and it is only 13 kb in size. An angiosperm 
Silene conica L. (Caryophyllaceae) has the largest known 
mitochondrial genome of  11,3 Mb in size (6).
Rearrangement rates of  mtDNA are so high that close rela-
tives’ order of  genes is usually not conserved. The tendency 
of  plant mtDNA to incorporate foreign DNA sequences, 
such as those from plastids or the nucleus via intracellular 
transfer or other organisms via horizontal transfer (such as 
fungi), was frequently observed. It also has numerous introns 

present, and some even require trans-splicing to be properly 
removed (8).
Sequencing of  a large number of  plant mitochondrial ge-
nomes has brought to light many differences in structure and 
its complexity that exist within lineages of  land plants and 
green algae. Usually their mtDNA are circular molecules, but 
among some species of  Chlamydomonadales the short and 
sometimes fragmented linear mitochondrial genomes were 
found. Fragmented genome is not unusual in other plants 
either, as aforementioned S. conica also has fragmented 
mtDNA. Generally, mitochondrial genomes in liverworts, 
hornworts and bryophytes are structurally conserved, while 
genomes in vascular plants have more diverse structures 
among individuals. This is due active recombination and re-
arrangement associated with their repeated sequences, which 
mediate these processes. Recombination leads to scrambling 
of  gene order among species, and can have visible effects on 
the fenotype (7). 
Much of  the gene content of  mtDNA was known even be-
fore the first plant mtDNA was sequenced. It has many sim-
ilarities with mammalian or yeast mtDNA, such as genes for 
large and small subunit rRNAs, many tRNAs, even introns. 
However, it was shown that it has just as many differences: 
it contains 5S rRNA, some  ATP synthase and ribosomal 
subunits that are not found in mammalian or yeast mtDNA. 
Today, it is known that plant mtDNA contains genes that 
encode for products such as NADH dehydrogenase subunits, 
succinate dehydrogenase subunits, cytochrome bc1 complex 
subunits, cytochrome c oxidase subunits, cytochrome c mat-
uration proteins, ATP synthase subunits, ribosomal proteins, 
a putative protein transporter, various rRNA and tRNA, even 

Figure 2. The genetic contents of  plant mtDNA.
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some intron-encoded proteins (as shown on figure 2) (8).

Transposable Elements
Transposable elements (TEs) (also knows as jumping genes) 
are segments of  DNA capable of  chromosomal movement, 
either via conservative or replicative mechanisms (8). This is 
a very broad definition that gives only a brief  insight in the 
full extent of  their variability. These elements have the ability 
to excise themselves, move from one place to another in the 
genome and amplify the number of  copies following the 
very process of  transposition (9).  Although first having been 
discovered in plants due to a noticed high rate of  altered gene 
expression and function, in the past few decades these struc-
tures acquired the reputation of  important elements of  plant 
genome evolution. First studies on transposable elements in 
plants have been conducted by Barbara McClintock in the 
1930s who examined chromosome breakages in maize (Zea 
mays L.) resulting in germinal and somatic instability, leading 
to her later discovery of  TEs in the 1948.  

TEs are classified in two major classes, retrotransposons and 
DNA transposons. Retrotransposons transpose via an RNA 
intermediate, which must be reverse transcribed prior to inte-
gration into the genome, while DNA transposons transpose 
via a DNA intermediate (10,11). Both of  these classes were 
identified in plant genomes, although the majority of  plant 
transposons are a subclass of  retrotransposons, called long 
terminal repeat (LTR) retrotransposons that can vary in size 
from several hundred bases to 10 kilobases (12). 

Numerous studies conducted throughout the last three 
decades regarding the proportion of  TEs in  genomes of  dif-
ferent plant species have shown that the percentage of  TEs 
presence greatly varies, ranging from 76% of  the whole ge-
nome in Zea mays L. (13), 35% in rice (Oryza sativa L.) (13), 
26% in cucumber (Cucumis sativus L.) (14) to an astonishing 
80% in common wheat (Triticum aestivum L.) (15). The 
gathered data contributed to partially resolving the “C-value 
paradox”, a concept describing a lack of  correlation between 
morphological complexity and total nuclear DNA content (8).  
Although they have been mostly examined in the context of  
nuclear genomes, it is neccessary to underline the importance 
of  transposable elements in the transfer of  genes between 
nuclear and organelar genomes in plants. It is well known that 
during evolution, many genes have been transferred from the 
mitochondria and chloroplast genomes to the nuclear ge-
nome. However, angiosperm mitochondrial genomes contain 
DNA derived from the nuclear genome, although amounts 
vary among species. A large amount of  the nuclear-derived 
DNA is from transposable elements (16). In response to 
implications these sequences of  DNA transferred to mito-
chondria being pseudogenes, Qiu et al. reported the presence 
of  the orf164 gene in the mitochondrial genome of  several 
Brassicaceae species and its similarity to nuclear ARF17 gene 

as a first case of  a gene transferred from nucleus to mito-
chondria in plants that is fully expressed (17). 

Conclusion
Data presented in this article provides an insight into the 
structural and functional differences between plant extra-
nuclear genomes. It is clear from the endosymbiotic theory 
that plastid and mitochondrial genomes derive from bacterial 
ancestors, but nevertheless they play an important role in the 
overall functioning of  a plant cell (organism, in a broader per-
spective). Polymorphisms found within organellar genomes 
and even variations among plastid/mitochondrial genomes 
of  different plant species suggest a high level of  specializa-
tion that occured during plant genome evolution. Plastid and 
mitochondrial genes encode for a large spectrum of  compo-
nents vital for  plant ability to properly carry out metabolic 
processes which ensure its survival. Transposable elements, 
that are proven to be able to transfer genes or fragments of  
genes even from one type of  plant cellular genome to anoth-
er, should not be neglected when observing the complexity 
of  plant genome. Plant genome is definitely characterized by 
tremendous variability, and investigation of  extranuclear ge-
nomes through further studies could significantly contribute 
to the solving misteries of  this on-going evolution.
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History
The first inoculation against the smallpox was observed 
over 2000 years ago in China and India by having children 
inhale the powders made from the skin lesions of  patients 
recovering from the disease. However, a British physician 
Edward Jenner, is generally credited with the most dramatic 
succesful vaccination against the smallpox ever recorded. He 
utilized the the matter from the cowpox pustules to to beat 
the smallpox released by a related virus. 
During the twentiteth century, there were developed several 
other vaccines, aiming protection against commonly fatal 
infections, such as diphteria, tetanus, polio and several others.
In 1974, the World Health Organization (WHO), launched 
the Expanded Programme on Immunization with the goal to 
make sure that every child will receive the protection against 
six childhood diseases (tuberculosis, diphteria, polio, pertussis, 
tetanus and measles). 
In 1999, the Global Alliance for Vaccines and Immunization 
was created to extend the reach of  EPI, helping the poor 
countries figthing against diseases and introducing the 
vaccines into their national programmes. 
Despite the fact that around 24 million of  iinfants are still 
not receivnig the full EPI vaccines, the goal of  the EPI 
programme is considered to be quite succesful, taking into 
consideration the reduction and even complete elimination of  
particular diseases. 

How vaccines work?

In order to understand how the vaccine works, it is firstly 
necessary to understand the way immune system protects our 
body. Its purpose is to identify and destroy pathogens and 
neutralize the toxins produced by some bacteria. 
The primary goal of  all vaccines is to elict the immune 
response against antigen resulting in much stronger 
secondary response, when being exposed to the same antigen 
again. Vaccines actually encompass the same antigen found 

on pathogens associated with particular disease with the 
difference that exposure to the antigens is controlled. When 
vaccinated individual is exposed to the live pathogens in the 
environment, the immune system can destroy them before 
they can cause disease. 
Natural infection and vaccination represent two ways of  
acquiring immunity. Their final result – immunity is fairly 
similar, but comparing with natural infection, vaccines 
do not endure the illness and eventual life – threatening 
complications. 

Frequency and severity of  adverse effects

Vaccinces should completely prevent the targeted ifection 
without adverse effects. However, this is not always the case. 
One of  the keys, therefore, is to minimize those side effects 
as much as possible, which are, to some extent, expected to 
occur with a certain frequency. 
Common and usually minor reactions, as a part of  the 
immune response, include fever and malaise, whereas rare and 
more severe reactions are vaccine specific reactions, such as 
BCG osteitis and severe allergic reaction such as anaphylaxis. 

Balancing efficacy and safety

Vaccine efficacy refers to the ability of  a vaccine to bring 
about the intended beneficial effects on vaccinated individuals 
in a defined population under ideal conditions of  use. The 
potential benefits of  an effective vaccine – e.g. promotion 
of  health and well-being, and protection from illness and its 
physical, psychological and socioeconomic consequences – 
must be weighed against the potential risk of  an adverse event 
following immunization (AEFI) with that vaccine. Vaccine-
associated risk is the probability of  an adverse or unwanted 
outcome occurring, and the severity of  the resulting harm to 
the health of  vaccinated individuals in a defined population 
following immunization with a vaccine under ideal conditions 
of  use.

COMMUNITY – IMMUNITY: 
„SHOTS MAY HURT A LITTLE, BUT 

CAN PREVENT A LOT WORSE“
Azra Hajdarević
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Genetics plays a 

huge part 
in who we are. 

But we also have free will.
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