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Chapter 1 

Introduction 

1.1 The Central Dogma of Molecular Biology 

In central dogma of genetics, first of all DNA is transcribed to RNA and then RNA is trans­

lated to protein. Protein is never translated back into RNA or DNA. DNA can not created 

from RNA and neither directly translated to protein. Hence it is unidirectional process in 

general as shown in (Figure 1.1). 

translation 

--...... RNA--...... ProteiD 

replication 

Figure 1.1: Central Dogma of life 
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CHAPTER 1. INTRODUCTION 

The process of the transcription of DNA to RNA to protein is a central dogma. This 

dogma form a backbone of molecular biology and this is represented by four major stages 

• The DNA replicates its information in a process with the help of enzyme called DNA 

polymerase. This enzyme works in collaboration with several others to copy the strand 

of DNA. 

• In the process of transcription, a protein called RNA polymerase bind to the promoter 

region of the DNA and start copying the DNA message to make a messenger RNA 

( mRN A) molecule. 

• The mRNA is processed i.e., exons are joint together and introns are removed by the 

process of splicing in the eukaryotic cells and mRNA migrates from the nucleus to 

cytoplasm. 

• Messenger RNA carries information to ribosomes. Ribosomes read the information and 

use this information for the protein synthesis. This process is called translation. 

Proteins do not function for the production of protein, RNA or DNA. They are involved 

in almost all biological, structural or enzymatic activities. In human genome there are 

about 20,000-25,000 genes and almost 98% part of DNA is composed of non-coding 

regions. 

1.2 Summary of current understanding of the role of RNA 

RNA is single-stranded molecule in many biological roles and also has a short sequence of 

nucleotides. Each nucleotide consists of nitrogenous base, a ribose sugar and a phosphate 

group. RNA has the nucleobase uracil(U) instead of thymine(T), which is unmethylated 

form of thymine. DNA contain deoxyribose i.e., no hydroxyl group attached to the pentose 

ring in 2' position while RNA contains ribose. So RNA is less stable than DNA because of 
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CHAPTER 1. INTRODUCTION 

the more inclined to hydrolysis. mRNA and rRNA are very important to translation of new 

proteins, the process can not occur without transfer RNA (tRNA). 

There are excess of other reactions that happens after transcription. Such reactions that 

modify the transcripts are called post-transcriptional modifications. For example: poly(A) 

tail and 5' cap are added to eukaryotic pre-mRNA and introns are removed by the splicing 

process and only remaining exons are used as a template for protein synthesis after splicing. 

Alternative splicing is a mechanism that select different combination of exons from the 

RNA and therefore it produces different proteins which greatly diversifies the transcriptome. 

1.3 Standard non coding RNA 

The ncRNA [1] is commonly the RNA that does not encode a protein but these RNAs con­

tain information and take part in many functions. These non-coding RNAs involved in gene 

regulation, RNA processing and other roles. These RNAs determine most of our complex 

chc-"Lract.cristics, play ;-1, significant role in disc~a._sc c-wd construct an unexplored world of genetic 

variation both within and between species. 

In eukaryotes, non-coding RNA comes in several varieties: 

1. transfer RNA (tRNA) & ribosomal RNA (rRNA): 

Ribosomal RNA, RNA component of ribosome, provides a mechanism for decoding 

mRNA into amino acid. It involved in peptide bond formation and interacts with tRNA 

during translation. tRNA carries the appropriate amino acids into the ribosome and 

transfers it to a growing polypeptide chain in translation. Most types of cells possess 

approximately 30 to 40 different tRNAs, with more than one tRNA corresponding to 

each amino acid. Hence these two RNAs play a critical role in the translation process. 
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CHAPTER 1. INTRODUCTION 

2. mRNA: 

Messenger RNA (mRNA) is the RNA that carries information from DNA to protein 

synthesis in the cell. Messenger RNA is essentially a copy of a section of DNA and 

serves as a template for the manufacture of one or more proteins. In eukaryotes, when 

RNA is firf:t transcribed from DNA, it contain additional non-coding sequences that 

are interspersed within the coding sequence. This immature RNA molecule is referred 

to as precursor mRNA (pre-mRNA). The intervening non-coding sequences are called 

introns, and the segments of coding are known as exons. The introns are then removed 

by a process known as RNA splicing to produce the mature mRNA molecule. 

3. small ncRNA: 

small non-coding RNA has been classified in different subcategories like miRNAs, siR­

NAs, snoRNAs, piRNAs, snRNAs. SnRNAs are found in nucleus & play a crucial role 

in gene regulation by way of RNA splicing. miRN As are approximately 20 to 26 nu­

clc~otidcs in length. They have been found in many species including flies, mice, and 

humans and inhibit gene regulation by repressing translation. miRNAs also play sig­

nificant roles in cancer. Small interfering RNAs (siRNAs) are are only 21 to 25 base 

pairs in length, they also work to inhibit gene expression. Specifically, one strand of a 

double-stranded siRNA molecule can be incorporated into a complex called RISC. This 

RNA-containing complex can then inhibit transcription of an mRNA molecule. Small 

nucleolar RNAs (snoRNAs) were isolated from nucleolar extracts because of their abun­

dance in this structure and guide chemical modification like methylation of other RNAs 

(See Figure 1.2)[2]. 
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CHAPTER 1. INTRODUCTION 

4. large ncRNA: 

These non-protein coding transcripts are generally longer than 200 nucleotides. Long 

ncRNAs are located and transcribed within the intergenic sequences. It includes for 

example Xist , which direct the inactivation of a X-chromosome in female placental 

mammals. Long ncR.NAs are notic:c~d to he potential contributer in finding disease 

ongm. 

"[ofi":SMALCRNAS -~-·~··~~ 

'S~ve~al types of small RNAs (sRNAs) have been Identified (Table 1}. Bioeenesis of these small RNAs is forthe 
RNase lll~typ& en~ Dlcer. Oicer prpcessing results In small RNA products b1Jl~I~3J~""'N:.'r!Cl·~ 
each str;;nd. siRNAs, miRNAs, tasiRNAs, tncRNAsn scnRNAs 111 an clepenjfit~lfiOI •. f0\"~--~;'1418 
RNAs, rasi~NAs.and plRNAs, ~m to be formed Independently of Oker r:roo!IISirll£. 
~ ,-,;., . •' ., ' 

miRNA ' MictoSNA 

tasiRNA /riJ{)~acting siRNA 

tnCRNA Trny nonc.oding RNA 

sc!iRNA Small scan RNA 

rasiRNA -Repeat·assot:iated 
small interfering RNA 

pi~NA PiwHoteracting RNA 

"'20-24 Mammal~ 
At. Dm, Sp, Ce 

-24 At. Om. Sp 

·20...21 Ce 

-28 Tt 
.:.24-29 At. Om, Sp,Ce 

w26-31 Mammals 

Tend to have perfect t01hlir mRNA 
!Nget Can be.. found d~ ttwoughout the tntire 
messege. Result in mRNA~ ·· 

Mammalian miRNAs tend to contain mi~ usually: 1! . .. a of primary 
targtt untranslatad regions oftargetmRNAs and 1'8SUit in miRN 'jltS(pri.miRHA), tnt 
translational suppression, .c:.taip mammalian miRNAs . by the m~ COII.,lu82,tfd 
can also facilitate mRNA deplafion. Plant mi.RN'As tend and tht(l ,tlf ~(Fig. lb) ~. 
to have perfed complemMtatityto their target and 
facilitate message degtadation · 

Act like siRNAs faeilitatifi' mRNA degradation87. Dicer processing of RdRP-deived 
HoweVl!l', tasiRNAs act in trillS, tageting traMcript& of lq d$RNAI1 · 
genes other than the gene they lie derived from 

like tasiRNAs, tncRNAs also act in ($tl$, resulting in . tlicRNAt ar11 dwj~ flom noncoding 
message depjation88.89. MI'J 8lso facilitate · SllqiiWI!* vii Dk:lr ~·in 
ttanslatlor!al suppression the I'IIMilllcll~ 

Function in DNA elimil'lltion Oictt~.MII ~ 
Result in transeripttonal siltlleing via chromatin.re.modef· Bio.pnesia is uncltlr, but rtSiRNAl 
ing(see Slicing and TGS} "=--sequetlell · 

At, A. thaliam, Dm, D. melanogaster; Sp,_ S. /XiTIPe; ce, c. ete[fi1ns; Tt, r. tmllTIOPhifat RdRP, RNIH!ependent !INA poJ.ymeras~ dsRNA. doubJEtStrand\!(1 R"NA. 

Figure 1.2: Classes of small RNA 
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CHAPTER.l. INTRODUCTION 

1.4 Methods for identification of RNA molecules 

There are many methods for identifying RNA molecules like comparative sequence analysis 

method, sequencing methods and others. 

1.4.1 Sequencing 

Sequencing is the process by which we can measure and determine the primary sequence 

(or structure ) of the molecule. RNA sequencing is the process of determining the order of 

nucleotides of the RNA fragment. 

The most popular method for DNA sequencing is Dideoxy method or Sanger method. 

The dideoxy method gets its name because of the critical role played by these synthetic 

nucleotides (Dideoxynucleotides). Dideoxynucleotides are essentially the same as nucleotides 

except they contain a hydrogen group on the 3 carbon instead of a hydroxyl group (OH). 

When it added in the DNA strand, chain elongation stop because there is no 3'-0H for 

the next nucleotide to be attached. Hence this method is also called the chain termination 

method. 

1.4.2 Modern approach for sequencing using Next Generation Sequencing 

Recently, several sequencing platform has been developed that have very high throughput 

and low cost comparing to the traditional Sanger sequencing technology. Therefore, the 

high demand for low-cost sequencing has driven the development of high-throughput se­

quencing technologies [3]. Next-gen sequencing technology also known as deep sequencing 

approach, can sequence millions of short nucleotide sequences between 30 and 100 characters 

long. These sequences are generated by raw data in the form of noisy fluorescence intensity 

measurement. Next generation sequencing technology are able to convert these intensity 

measurement into discretized reads. So the process by which to identify a base sequence 
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CHAPTER.l. INTRODUCTION 

from the fluorescence intensity trace data is called base calling. 

Several different names are used to be these sequencing technology such as next-generation 

sequencing, massively parall~l sequencing, second generation sequencing , ultra throughput 

sequencing. It can generate many hundreds of thousands or even millions of reads in a 

relatively short time. 

While allowing powerful new applications like RNA-seq, the continually accelerating 

progress of technological change in the field of next generation sequencing also generate a 

glut of unused information. 

1.4.3 Platforms for next generation sequencing 

There are three platforms for massively parallel sequencing read production are use at 

present: 

1. Roche/ 454 FLX 

2. Applied Biosystems SOLiDTM System 

3. Illumina/Solexa Genome Analyzer 

Recently, another two massively parallel systems were announced: 

• Helicos HeliscopeTM and 

• Pacific Biosciences SMRT instruments 

1. Roche/ 454 FLX Pyrosequencer 

In Roche/ 454, the library fragments are mixed with beads whose surface carry oligonu­

cleotides complimentary to the 454-specific adapter sequences on the fragment library, 

so each bead is associated with a single fragment. It involves Emulsion PCR [4] to 
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CHAPTER 1. INTRODUCTION 

amplify the single stranded DNA from a fragment library and produces approximately 

one million copies of each DNA fragment on the surface of each bead. This strategy 

allows the 454 base-calling software to calibrate the light emitted by a single nucleotide 

incorporation. In the incorporation of a nucleotide during sequencing causes the release 

of pyrophosphate which initiates a series of downstream reactions that finally produce 

light by the firefly enzyme luciferase. The number of nucleotides incorporated is directly 

depend on the amount of light produced. The FLX instrument currently provides 100 

flows of each nucleotide during an 8-h run, which produces an average read length of 

250 nucleotides sequence. The resulting reads yield 100Mb of quality data on average. 

2. Applied Biosystems SOLiDTM System 

This ligase-mediated sequencing approach of the Applied Biosystems SOLiD sequencer 

is based on the Emulsion PCR. amplification similar to Roche. The DNA fragments for 

SOLiD sequencing are amplified on the surfaces of (1-m) small magnetic beads which 

provide enough signal during the sequencing reactions. Ligase-mediated sequencing be­

gins by annealing a primer to the shared adapter sequences on each amplified fragment, 

and then DNA ligase is provided along with specific fluorescent-labeled 8mers, whose 

4th and 5th bases are encoded by the attached fluorescent group. Each ligation step is 

followed by fluorescence detection, after which a regeneration step removes bases from 

the ligated 8mer including the fluorescent group and prepares the extended primer for 

next round of ligation. Since each fluorescent group on a ligated 8mer identifies a two­

base combination, the resulting sequence reads can be screened for base-calling errors 

versus true polymorphisms versus single base deletions by aligning the individual reads 

to a known high-quality reference sequence. 
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CHAPTER 1. INTRODUCTION 

3. Illumina Genome Analyzer 

The Illumina sequencing-by-synthesis approach has following parts: 

• Prepare genomic DNA sample 

• Attach DNA to surface 

• Bridge amplification 

• Denature the double stranded molecules 

Tlw flow cell of the illumina system is an 8-channel sealed glass micro fabricated de­

vice that allow bridge amplification of D~A fragments on its surface and it uses DNA 

polymerase to produce multiple copies of a single DNA fragment, which is required to 

observed the signal intensity detection during sequencing. It is capable of sequencing 

different samples at the same time. 

The Illumina system utilizes a sequencing-by-synthesis approach in which all four fluo­

n~sccmt ly l;.dwhl, 3 -OH blocked nuclcotid<~s R.re simultaneously added to the flow cell 

along with D~A polymerase. After the base incorporation step the fluorescent image 

of the flow cell is captured by CCD camera. An imaging step follows each base incor­

poration step. After each step, the 3' blocking group containing the fluorescent dye is 

chemically removed to prepare each strand for the next incorporation by DNA poly­

merase. It continue for specific number of steps and removing poor quality sequences 

and this series of steps permits the discrete reads the read length to be around 25 to 

35 nucleotides and 120 nucleotides has come by the latest models. The base calling 

algorithm assign sequences and associates a quality score to each read. It remove the 

poor quality sequences of the illumina data in each run by the quality checking pipe 

line [5]. 
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CHAPTER 1. INTRODUCTION 

1.5 Applications of Next generation sequencing 

NGS has application like in whole Genome Sequencing, Exome Sequencing, mRNA (tran­

scriptome) Sequencing. RNA-sequencing to profile the mammalian transcriptome as well as 

whole human genome sequencing,single nucleotide polymorphism (SNP)-based association 

studies, Sequence capture, Resequencing, de novo sequencing, miRNA and Small RNAs se­

quencing, ChiP Sequencing, customized applications, and others. We explain some of its 

applications below: 

1.5.1 RNA-seq 

RNA-Seq is perhaps the most complex NGS application. Expression levels of specific genes, 

differential splicing, allele-specific expression of transcripts can be accurately determined by 

RNA-Seq experiments to address many biological-related issues. RNA-seq refers to the use 

of next generation sequencing technology to study of transcriptome. It generates millions of 

short reads of mRNA or eDNA. These short reads are mapped to the genome, resulting in 

a sequence of the read counts along with genomic positions. RNA-seq has higher through­

put and low noise comparing to the other RNA measuring technologies such as qPCR and 

microarrays. RNA-seq [6] can measure the expression of millions of genes in a single exper­

iment and it takes a few days only. It also generates digital results. Although microarray 

have been widely used to explore the gene expression but this experiment only generate 

analog results tha.t. leads to the unavoidable problems such as non-specific background noise 

and cross hybridization, which interrupt the transcriptome analysis. As a result data from 

microarray platform is sensitive to sample preparation, array platform and lab protocols. In 

contrast, RNA-Seq exhibits a high level of reproducibility and overcomes these limitations 

of microarrays. 
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CHAPTER 1. INTRODUCTION 

1.5.2 Discovering and Identifying non coding RNAs 

Non-coding RNAs system in different organism is very divers. So the Discovery of non-coding 

RNAs [7] is difficult to measure by computational methods alone. The read comes by NGS 

platforms is quantitative and pointing out the expression level of non-coding RNAs. This is 

detecting expression level changes and obtaining significant insights into their biology. 

1.5.3 Illustration of DNA -Protein interaction through Chromatin Immuno­

precipitation (ChiP) sequencing 

The interaction between DNA and protein play a very important role in the regulation of 

gene expression. These interaction can be studied by technique called chromatin immuno­

precipitation (ChiP) [8]. A verity of methods such qPCR (quantitative PCR)[9] or Southern 

blottin~[lO], DNA rnicroarray a,rc used to idcntifi<~d and qnantificd the captured DNA frag­

mfmts population. Many drawbacks including identification of novel fragments by low signal 

to noise ratio can now resolved by NGS platforms. For example Illumina platform were used 

for analysis of transcription factor binding sites in the human genome [11]. 

1.6 MicroRNA (miRNA) 

MicroRNA are about 22 nucleotides long, short non-coding RNA's that play a critical role 

in gene expression during many essential cellular function. MicroRNA are single stranded 

and the most conserved and prominent among all the non-coding small RNA molecule. The 

genes encoding miR~ As are much longer than the processed mature MicroRN A was first 

identified in Caenorhabditis elegans and subsequently found in almost all eukaryotes [12]. 

Recently, next-generation sequencing technology has been developed and widely applied to 

genomic studies such as gene expression pattern analysis, genome sequencing and small RNA 

sequencing. Because of its ultra high-throughput, many new miRNAs with low abundance 
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CHAPTER 1. INTRODUCTION 

could be identified using this technology. 

Studying miRNAs is difficult because each miRNA can target lOOs of mRNAs directly 

or indirectly and more than 1 miRNA can converge on one specific mRNA target. 

Under normal cellular control, miRNAs are responsible in many biological processes 

including cellular proliferation and differentiation. miRNAs have been shown to repress the 

expression of important cancer-related genes and might prove useful in the diagnosis and 

treatment of cancer. In contrast research, it has been proven that when control mechanisms 

go wrong, an abnormal amount of miRN A can cause a variety of cancers including pancreatic 

cancer, thyroid cancer, hepatocellular cancers, breast cancer, lung cancer, colon cancer, and 

more. 

1. 7 Biogenesis of microRN A 

MicroRNAs are transcribed as RNA polymerase II and their primary transcripts or pri­

miRNAs with a cap and poly A tail. These Pri-miRNAs are then cropped by the RNase III 

enzyme Drosha and its cofactor DGCR8/pasha and processed to short, 70 nucleotide stem 

loop structures known as precursor-miRNAs (pre-miRNAs). These pre-miRNAs are then 

processed to mature miRNAs in the cytoplasm by interaction with the endonuclease Dicer, 

which also initiate the formation of RNA-induced silencing complex (RISC). 

When Dicer cleaves the pre-miRNA stem-loop, two complementary short RNA strand 

are formed. Although both strands of duplexes are necessarily produced in equal amounts by 

transcription. Based on the thermodynamic stability of each end of this duplex, one of the 

strands is thought to be a biologically active miRNA or mature miRNA or guide strand, and 

the other is considered as an inactive strand and a carrier strand called miRNA * (miRNA 

star) or passenger strand or anti-guide (See Figure 1.3). 
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I 
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Figure 1.3: microRNA (miRNA) is produce from the precursor-microRNA (pre-miRNA) ,which is formed 

from a microRNA primary transcript (pri-miRNA). 

Generally, the miRNA *strand is typically degraded, whereas the mature miRNA strand 

is incorporated into the effector complexes, which are known as miRNP, mirgonaute or, more 

generally, miRISC (miRNA-containing RNA-induced silencing complex). 

MicroRNAs are less than one-thousandth the size of an average mRNA molecule, usually 

coming in at around 22 nucleotides in length. Also, they are non-coding, which means that 

unlike mRNA, they do not code for a protein. Instead, these RNAs bind to complementary 

sequences on the 3' untranslated region (UTR) of target messenger RNAs. This can cause 

mRNA degradation, which has the effect of repressing translation and therefore controlling 

the expression of a particular gene. 
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1.8 IsomiRs/Variability in microRNA 

The small RNAs that developed from common precursors were grouped into a cluster (See 

Figure 1.4). Generally the most abundant member is characterized as mature miRNA. The 

sRN As that differed from the most abundant mature miRN A by few nucleotides are called 

IsomiRs. Tlie variability in isomiRs can be observed by variability in either drosa or dicerl 

cleavage position within the pre-miRNA hairpin [13]. 

pre-miR-130a: chrll 57165253 - 57165335 (+) 

········-----······-----····-----····--·-·······-M;TGCM'l'GTTMMGGGC·--····--· 4 
------------ ----------------------------·- ·••• ·--M;TGCM'l'G'M'MMGGGCA------·-· 5 
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· · · · --··---- • -- ······-·- ·· •···•· -- ----····-···· --- -l\GTGCMTGTTANIJ\GGGCAT----··· • 17 
-----------------·---------------·····---····-·--ACTOCMTGTTMMGGGCA'M'-·-···-6 
-------------------------------------------------M;TGCMTGTTMMGGGCA'M'··----- 14 
- · --- ----- -·---• --- · ----------- --------- -- ·····..CAGTGCMTGTTMMG---------···- 121 
·· • · • · • --- ·-- ·--- ---- ·-·- · • ·-·----·------- -------cAGTGCMTGTTMl\AG·-• ------·--- 418 
----- -----·····-·-------------------- ..... --- •• --cAGTGCMTGTTMMGG--- --------- 14 
-----------· ··· ------ -----------···----------- --CAGTGCMTGT'l'MMGG--- ----- -··· ~4 
•· ···------- ··-···· · ·-·· ---··--·-------- • ··----·CAGTGCMTGt'rMMGGG----------- 42 
-- •• · ---·· •· ·------· · ·-- ----------------·-------CAGTGCM'I'GTTMMGGG·· ·-------- 82 
-------·-----------------------------------·--·-tAGTGCMTG'M'MMGGGC·····----- 203 
······-----------------·-···-------------------..CAGTGCMTGTTMMGGGC----------330 
-------------------------------------··-----···-cACTGCAATGTTMMGGGCA·--·····-160 
-----------------------·---·-----·--------·-----CAGTGCAATGTTMMGGGCA··-···---)40 
-···••• ••• , •• •• ·--·· •· -------- ••·••·· • ....... • ···..Cl\GTGCM'I'GTTMMGGGCAa········ 14 
--------···--------------------··-------·······-CAGTGCAATGTTMMGGGCAa---·····40 
-------------------------·-···----··-·-········-CAGTGCAATGTTMMGGGCAe---·-···S8 
·----------------··---------·-·--·--·-·········-cAGTGCAATGTTMMGGGCAc--·----·87 
- ·••• • • -· ····-· • ··-·------··-----·----·---- --·-·..CAGTGCM'I'G'l"i'MMGGGCAq········ 19 
· ----- • ------ ·- ·----···- •·• ····--·-·-··-···· ····CAGTGCMtGTTAAMGGGCA'l'···· •••• 2 3 H 
-------··-······--···--------·-·--·--·········--CAG'I'GCAATGTTMMGGGCAT·····---4798 
-----·-····-·-------------------·-----····------cAGTGCMTGTTMMGGGCA'l'a----·--113 
····--·············-·-··---------·-·············CAGTGCM'l'GTTMMGGGCA'l'&•••··-· 228 
·-----------········-··--·······-·······--·····..CAG'I'GCMTGTTMMGGGCATc·····--16 
--------------·- -------- •• -----------------· ----CAG'I'GCMTGTTAAMGGGCA'l'q· -·-···12 
--·-···········---·····················---···-·-cAGTGCMTGTTMMGGGCATT·······l64 
····-·---···-··-··---------·-----······--·······CAGTGCM'l'G'!.'TMMGGGCA'l'l.'···•··· 939 
----·-·····--···---·-··-······-·-········-······..CAG'I'GCM'l'GT'l'MMGGGCATTG·····-6 
·----·· • •••••• ·--•• ••••· --•·••• ····---·-··· • •• ·-cAGTGCM'l'G'M'IU\IIAGGGCA'M'GG--··· ~ 
••••• • • • ········--··--··--·--· ·········---···· --<lCM;TGCM'l'GTTMMGGGCJ\T······-- 8 
---------------------------·-------------------GCAC!GCAATGTTMMQGGCAT-----···17 
--·-- ·--··----- • --------------- --····-------·--GCAGTGCM'I'GTTMMGGGCAT'l'------· 4 
--·-····GCTC!TTTCACl\TTGTr~ACT·····•··········----···········-·········-······5 
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Figure 1.4: l3lue sequence is mature miRNA that shows the most abundant sequences and other sequences 

shows the variability by few nucleotide, called isomiRs. Although, variation at the 3' end is generally much 

more common than at the 5' end. Sequences representing the rniRNA *(star) were observed (highlighted in 

purple). 
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CHAPTER 1. INTRODUCTION 

1.9 Objectives 

1. Many methods have been proposed for normalization of sequence count data. However, 

different data sets have different normalization requirement. So my objective is to 

"test several normalization methods and detect differential expression using 

R tools". 

2. I also extend my work for the "expression analysis of isomiRs from small RNA 

sequence data". 
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Chapter 2 

Methods and Material 

2.1 Cell line and Blood samples 

The human chronic myeloid leukemia blast crisis cell line, K562 was obtained from National 

Centre for Cell Sciences, Pune and maintained in RPMI 1640 and DMEM (Gibco) medium, 

respectively. The medium was supplemented with 10% FBS and penicillin-streptomycin and 

maintained at 37C with 5% C02 in incubator chamber. Buffy coat of healthy blood donors 

(N4 and N5) were collected from volunteers. Red cell lysis buffer (0.144M NH4Cl, O.OlM 

NH4HC03) wa.s rtdd<~d to buffy coat to lyse the remnant RBCs rtnd pure WBC population 

was obtained by centrifugate at 3000 g [14]. 

2.2 Data Set used 

The sRNA sequencing data containing of peripheral blood leukocytes of two normal individ­

uals (N4, N5), two patients (Pl, P2) and tumor cell line K562 were obtained from Illumina 

high throughput sequencing platform. 
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Sample Read 

N4 587061 

N5 595319 

P1 644200 

P2 713786 

K562 1040348 

Annotated sequence(miRNAs registry, release 16) Reference Sequence 

Mature miRN A 1223 (1032 mature +191 star) 

Precursor miRN A 1048 

Table 2.1: Data Sets 

2.3 How data from NGS looks like 

1. Data set into fasta format: Tlw data fil<~ into fasta format where the unique header 

(sequence identity) reserved the information of the sequence length and frequency of 

that sequence. The sequence ID contained of a running number along with the length 

and abundance of each individual sequence. 

>1.22.468414 
TGAGGTAGTAGGTTGTGTGGTT 
>2.23.316313 
TACCACAGGGTAGAACCACGGAC 
>3.22.251538 
TACCACAGGGTAGAACCACGGA 
>4.23.239658 
TACCACAGGGTAGAACCACGGAA 

2. Data set into Fastq format: Converted the above fasta format data file into fastq 

format using a perl code of Maq software. 
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@1. 22.468414 
TGAGGTAGTAGGTTGTGTGGTT 
+ 

• • • ~ ~ • • • • • • • • • - • • • t • • • . . . . . . . . . . . . '' ....... . 
@2.23.316313 
TACCACAGGGTAGAACCACGGAC 
+ 

• • 4 ~ • • • • • • .. • • ¥ • • • • • t • • • 
t t 0 t 4 t t t t t t t I j f;; t fIt t t. 
@3.22.251538 
TACCACAGGGTAGAACCACGGA 
+ 
••••••• i •••••• ' •••• * •• 
• • • t •• ' ••••••••••••••• 

3. Data set into Count format: Converted the data into digital gene expression format 

using perl code that was developed in our lab. 

miRNA 
hsa-let-7a 
hsa-let-7b 
hsa-let-7c 
hsa-let-7d 
hsa-let-7d* 
hsa-let-7e 

P1 
64475 
531919 
29225 
14539 
166 
449 

P2 
91829 
369116 
14133 
23794 
227 
2619 

N4 
199473 
468414 
14163 
45176 
344 
3175 

N5 
98863 
593939 
11823 
29141 
267 
1342 

2.4 Alignment of reads using Bowtie software 

Bowtie software [15], version 0.12.7, an ultra fast alignment software, has been used to align 

reads to the precursor miRNAs. Bowtie command for implementing this mapping strategy is: 

:::} . /bowtie hs-pre_mirna data.fastq outpuLresult 

The first argument to bowtie is the basename of the index for the genome to be searched. 

The second argument is the name of a fastq file containing the reads and the last third one is 

the output file name. It takes few minute to generate the output depending on the computer 

memory. Bowtie gives many lines as output, each line is an alignment for a read. 

Before implemented the above command, we first created a new index using command: 

:::} .jbowtie-build hsa-1048-pre_mirnas.txt hs-pre_mirna 
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Its default outputs one alignment per line. Each line is a combination of some tab 

separated field from left to right, some of them are as follows: 

1. N arne of the aligned read 

2. Reference strand aligned to, + for forward strand, - for reverse 

3. Name of the reference sequence where alignment occurs, or numeric ID if no name was 

provided 

4. 0-based offset into the forward reference strand where leftmost character of the align­

ment occurs 

5. Read sequence (reverse-complimented if orientation is -) 

There are some extra columns such as ASCII-encoded these are related to some phred 

score but those are not required in our experiments. 

2.5 Normalization of data 

As the total number of reads varies between lanes, read counts must be normalized to allow 

a systematic comparison across lanes and across samples. Scaling to library size is the 

most commonly used normalization for RNA-seq data sets. However, most sophisticated 

normalization procedures have recently been proposed. We evaluate some normalization 

procedures in here: 

1. Mortazavi et al. [16] used RPKM methods- Adjust their counts to reads per kilo base 

per million mapped. 

2. Bolstad et al. [17,18] used quantile normalization method. 

3. Robinson et al. [19] used trimmed mean of M-values of normalization method (TMM). 
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2.6 Methods for Normalization 

2.6.1 Trim Mean Value M normalization (TMM) method 

TMM method has been suggested to remove RNA composition bias as a number of reads for 

a gene dependent upon not only on the gene expression's level and length but also depend on 

the population of RNA from which it originates. TMM equates the overall expression level of 

the genes between samples by estimation of relative RNA production levels or scaling factor. 

The TMM [19] method estimates scale factors between samples that can be incorporated into 

currently used statistical methods for DE analysis. The assumption behind TMM method 

is similar to the assumption of microarray normalization method that the expression levels 

of gcmcs arc~ uot differentially c~xprcsscd. 

We equate the overall expression levels of genes between samples under the assumption 

that the majority of them are not DE. A weighted trimmed mean of the log expression ratios 

(trimmed mean of M values (TMM)) is the simple and robust way to estimate the ratio of 

RNA production. For sequencing data, we define the gene-wise log-fold-changes as: 

(2.1) 

and absolute expression level as 

(2.2) 

Normalization factors across several samples can be calculated by selecting one sample 

as a reference and calculating the TMM factor for each non-reference sample. 

A trimmed mean is the average after removing x% of upper and lower data. The TMM 

procedure is doubly trimmed, by log-fold-changes M;k (sample k relative to sample r for 

gene g) and by absolute intensity (Ag). By default, we trimmed Mg value by 30% and Ag 
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value by 5%. 

Therefore, the normalization factor for sample k using reference sample r is calculated 

as 

(2.3) 

where 

The cases whereY9k =0 andY9r =0 are already trimmed for this calculation since log­

fold-changes cannot be calculated. G* represent the untrimmed value of Mg and Ag. In the 

case where reference and sample are same then TMM value should be zero i.e., T M MJ;, = 0. 

2.6.2 Quantile Normalization 

The goal of the quantile method is to make the same distribution for each array in the set of 

arrays. This method is motivated by the quantile-quantile plot (qq-plot). The qq-plot shows 

that the distribution of two data vectors would be same if the plot is a straight diagonal, 

otherwise distribution would be different. This can be extended ton dimensions if all n data 

vectors have same distribution then plotting the quantiles in n dimensions gives a straight 

line along the line given by a unit vector (11 y'n, ....... , 11 y'n). 

Let qk = (qkp ... , qkJ for k = 1, ... , p be the vector of the kth quantiles for all n 

arrays qk = ( qk1 , ••• , qkn) and d = ( 1 I y'n, ... , 1 I fo) be the unit diagonal. To transform from 

the quantiles so that they all lie along the diagonal, consider the projection of q onto d. 
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(2.4) 

The following algorithm for normalizing a set of data vectors for giving them the same 

distribution. 

1. Given n array of length p, form X of dimension p x n where each array is a column. 

2. Sort each column of X individually to give Xsort. 

3. Take the mean across rows of Xsort and assign this mean to each element in the row to 

get X'sort. 

4. Get X normalized by rearranging each column of the X'sort to have the same ordering 

as original X. 

2.6.3 Transcripts Parts Per Million (TPM) based Normalization 

There is a normalization method called tag per million or transcript per million (TPM). The 

number of reads of a transcript per sequence was divided by the total clone count of the 

sample and multiplied by 106 . The total clone count is the sum of the frequencies of all the 

unique sequences per transcripts. 

TPM according to the tag count in each library as follows: 

where T P Mji is the TPM for transcript i in any library j, 

Cji is the count of transcript i in library j, 

T_j is the total transcript count in library j. 

23 
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2. 7 Differential Expression of genes 

Modern molecular biology data present major challenges for the statistical methods that are 

used to detect differential expression such as requirement of multiple testing procedures. For 

microarrays, the abundance of particular transcript is measured as a fluorescence intensity 

which is observed as continuous response, whereas for a digital gene expression data the 

abundance is observed a._q a count. Therefore we cannot use the same procedure directly 

for digital gene expresRion data that are successful for microarray data. There are many 

fltatisticalmet.horls to compare RNA-Seq <iat.a and identify rlifferentially expressed genes. 

2.8 Methods for Differential expression 

There are many methods for identifying the differential gene expression between two samples. 

Some of the methods applicable for inferring differential expression and discussed in here are: 

Likelihood ratio test [20], T-Test [21]. 

2.8.1 T-statistics 

Suppose that the data consist of measurements Ygi under two conditions, where i ( =1, 2, .. 

. , k) represents the ith array, g ( =1, 2, ... , G) denotes the lh gene, and k1 & k2 are the 

number of arrays for each condition, that is, k = k1 + k2. 

The two sample T-statistic with two independent normal samples without assuming the 

equal variances between two samples could be written as follows; 

diff 
tg=-s , 

eg 
Se9 = (2.6) 

Let the sample means and the sample variances of Ygi 's for gene g under two conditions be 
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denoted as Yg1 , s~ 1 and y92 , s~2 respectively. Here, diff is the difference between y91 & y92 

, and sg & Se9 represent the pooled standard deviation and the standard error of the cliff 

across the replicates for the gene, respectively. 

2.8.2 Likelihood based method 

Let f(X,) be the density or probability mass function of a random sample of size n with 

variable X = x1, x2, .... , Xn with unknown parameter 81, 82, .... , Bn can assume. We want to 

test the null hypothesis: 

against the the alternative hypotheses of the type: 

The likelihood function of the sample observation is given by 

n 

L = L(.r,l' .7:2, .... , Xn.lfh' 82, 83 .... , Bn) =II f(xi; e2, 83 .... , Bn) (2.7) 
i=l 

The likelihood ratio test is defined as the quotient of the two maxima (maximum values of 

the likelihood function for variation of the parameters in B and Bo respectively) and is given 

by 

A= L(Go) = Supe€eo L(x, B) 
L(B) Su,poce L(x, B) ' 

(2.8) 

where L(Bo) and L(B) are the maxima of the likelihood function with respect to the pa­

rameters in the regions 8o and 8 respectively. 

2.9 Existing tools for analysis of RNA-seq data 

Many tools have been developed to analyze the RNA-seq data. These tools are based on 

some statistical test or distribution to decide whether for a. given gene, an observed difference 
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for a read count is significant. If the reads were independently sampled from the population, 

then read counts would follow such distribution, which can be approximated the Poisson 

distribution. Consequently, Poisson distribution has been used to test for differential expres­

sion. In the Poisson distribution, its mean and variance is defined by a single parameter (its 

variance is equal to mean). It is noted that the assumption of Poisson distribution is too 

tight because it ignores the extra variation due to actual differences in samples. It predicts 

smaller variation than what is seen in the data. Therefore resulting statistical test does not 

control type -I error. To remove this over dispersion problem, another distribution has been 

proposed to model count data with negative binomial (NB) distribution [22). The negative 

binomial distribution have two parameters, which are uniquely determined by mean fJ, and 

variance (]'2 . 

2.9.1 edgeR 

edgeR is an existing Bioconductor [23] software package for identifying differential expres­

sion of replicated count data. edgeR (empirical analysis of digital gene expression in R) is 

designed for the analysis of replicated count-based expression data and is an implementation 

of methodology developed by Robinson and Smyth [24]. 

This software is equally applicable for RNA-seq, Tag-seq, SAGE, CAGE, Illumina/Solexa, 

454 or ABI Solid experiments. In fact this software may be useful in other experiments where 

counts are observed. 

The edgeR [25], model the RNA-Seq data as a negative binomial (NB) distributed. This 

model is able to separate biological from technical variation by using different distributions 

depend on situation. 

edgeR provides two ways of estimating the dispersion(s), the quantile-adjusted condi­

tional maximum likelihood (qCML) method and the Cox-Reid profile-adjusted likelihood 

(CR) method. In general, we apply the qCML method to experiments with single factor and 
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the CR method to experiments with multiple factors. When negative binomial models are 

fitted and dispersion estimates are obtained, and then proceed with testing procedures for 

determining differential expression. provides two ways of testing differential expression, the 

exact test and the generalized linear model (GLM) likelihood ratio test. 

edgeR available via Bioconductor and the home page of edgeR: 

http:/ /www.bioconductor.org/packages/release/bioc/html/edgeR.html 

2.9.2 DESeq 

DESeq is also an existing R package which analyzes discrete data from Next generation 

sequencing such as RNA-Seq and test for differential expression. DESeq [26] uses a negative­

binomial distribution, with mean and variance linked by a local regression and was developed 

for the analysis of digital gene expression. 

DESeq is available via Bioconductor and the home page of DESeq: 

http:/ /bioconductor.orgjpackages/release/bioc/html/DESeq.html 

2.10 Normalization and Differential expression for Normal and 

Patient samples 

We first excluded miRN As whose frequencies or expressions were below than ten in all four 

samples and used DESeq and edgeR for carrying out the analysis for normalization and 

differential expression. 

27 



CHAPTER 2. METHODS AND MATERIAL 

2.11 Identification of the known miRNA IsomiR clusters or fam-

ilies 

As mentioned in the introduction section, isomiRs are variant forms of the miRNAs caused by 

alternative Dicer cutting [13]. To obtain the isomiRs for every known miRNA, an alignment 

of the reads to the pre-miRNA hairpins is necessary. This alignment facilitates identification 

of isomiRs of both the 5p and 3p (mature miRNA sequences derived from the 5' and the 3' 

region of the pre-miRNA hairpin) mature miRNAs (See Figure 1.4). 

2.11.1 Alignment of the reads to the reference pre-miRNAs 

The alignment was done by the Bowtie software. The reference pre-miRNAs were down­

loaded from miRBase release 16 comprising of 1048 pre-miRNAs and 1223 mature miRNA 

sequences [27]. Reads from each of the five samples were aligned to the reference pre­

miRNAs. The output was an alignment of the deep sequencing reads to the Homo sapiens 

reference pre-miRNAs. 

2.11.2 Obtaining clusters or families of the isomiRs 

The alignment output was parsed by a perl scripts developed specifically to get a family or 

a cluster of IsomiRs, that are actually reads that match at the same location but differ by a 

few nucleotides. Such clusters were obtained for every miRNA from both the regions (5' and 

3' region) of the hairpin using the position information given in the output of the alignment. 

Each cluster of isomiRs was then sorted according to their frequency or expression value, 

to get the most abundant to the rarest occurring isomiRs. Reads having lengths below 

seventeen nucleotides were removed. 
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2.11.3 Identification of the reference miRNA from the lsomiR cluster or family 

The next step was to identify the reference mature miRNA from every existing isomiR cluster 

and to check if it was the most abundant sequence or not. A perl code was developed for 

this purpose [See appendix A for perl code]. 

2.12 Method for creating expression profile for IsomiRs 

In order to determine the biologically significant differences among the Patient and the 

Normal samples it was necessary to identify the similar and differentially expressing isomiRs. 

This was done through the following steps: 

1. The Bowtie alignment output, as explained in section 2.4 was used for each of the 

samples. 

2. The frequency of each of the isomiRs of every known miRNA was obtained by parsing 

the output by a perl code [See appendix A] .. 

3. A list of each isomiR sequence of every known miRNA along with their respective 

frequencies was created for all the samples thus obtaining an IsomiR expression profile. 

2.13. Normalization and Differential expression for IsomiRs 

Using the isomiR. expression profile, comparisons of the expression values of every IsomiR 

were done among the Nonna,ls and the Pati<~nt samples to identify the differentially ex­

pressed IsomiRs using the likelihood based method. These differentially expressed isomiRs 

were detected from the normalized data based on Quantile normalization methods already 

explained in section 2.6.2. 
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Chapter 3 

Results and Discussion 

3.1 Evaluation of normalization for normal and patient samples 

Various normalization techniques have already been discussed in section 2.4 and 2.5. In 

here, we demonstrate the effect of various normalization on Normal-Patient dataset. Fig­

ure 3.1 displays the box-plot of un-normalized data, data after quantile normalization, TMM 

normalization and TPM normalization. 

Implemented quantile normalization procedure for RNA Seq data is inspired from the 

microarrays. Quantile normalization method is a good procedure to reduce the non-biological 

errors from samples. In TMM method, estimated normalization factors should ensure that 

genes with the same expression level in two samples are not detected as DE. TPM method 

is just to normalize the sequence number by the total sequence count in each library. 

edgeR software provides a multidimensional scaling (MDS) plot by which relation be­

tween samples, before and after normalization can be evaluated. Figure 3.2 provides MDS 

plot between the two normal and two patient samples before normalization and after TMM, 

RLE and Quantile normalization. 
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Variation within samples were also estimated by using DESeq software. Variation is 

calculated using simple mean and variance within the samples and shown by SCV plot (See 

Figure 3.3) So. it is observed that at low count. variation is high and at higher count it 

decreases. 

P1 P2 N4 N5 P1 P2 N4 N5 

(a} before normalizabon (b) after quantile normaltzation 
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Figure :3.1 : Boxplot to shov,; the normalization eflect on the normal (N4,N5) and patient (P1,P2) samples 

before and after u:;ing (h) quantile (c) TMM and (c) TPM normalization methods. 
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Figure :3 :3: Plot to show the estimated variances (as squared coefficients of variation (SCV), i.e., variance 

over squared mean). In this plot, x axis is the base mean and y axis the squared coefficient of variation 

(SCV) i.e .. the ratio of the variance at base level to the square of the base mean. The solid lines are the 

SCV for the raw Yariances. 
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3.2 Differentially Expressed Genes and IsomiRs 

1. From edgeR software: Differentially expressed genes were identified by using the 

edgeR software on the normalized data. edgeR calculates a score of the p-value and 

fold change for each gene and sorted out the number of up-regulated and down-regulated 

genes on the basis of p-value and fold change. The number of such differentially ex­

pressed genes are shown in Table 3.1 and the top 10 differentially expressed genes are 

given in Table 3.2-3.4 and the list of all differentially expressed genes (miRNA) are 

given in the appendix A. 

Table 3.1: Number of differentially expressed genes with the percentage of up- regulated and down-regulated 

genes using different normalization methods 

No. of DE genes up-regulated genes down-regulated genes Method used for normalization 

39 18 (46% of DEG) 21 (54% of DEG) Quantile 

46 24 (52% of DEG) 22 (48% of DEG) RLE 

39 18 (46% of DEG) 21 (54% of DEG) TMM 

The top 10 differentially expressed genes after all the three normalization are almost 

similar. These genes are, sorted by the p-value, hsa-miR-1246, hsa-miR-136, hsa-miR-

944, hsa-miR-362-3p, hsa-miR-3615, hsa-miR-1271, hsa-miR-29b-1 *, hsa-miR-150* , 

hsa-miR-3613-5p and hsa-miR-3121. 
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Table 3.2: List of top 10 DEG miRNA sorted by p-value using Quantile normalization. 

miRNA I logConc I logFC PValue FDR 

hsa-miR-1246 -31.12341 37.78528 2.659895e-06 0.0009442627 

hsa-miR.-944 -33.21702 -33.59807 2.196085e-03 0.1341078528 

hsa-miR-362-3p -33.24951 33.53309 2.405448e-03 0.1341078528 

hsa-miR-136 -33.24535 33.54141 2.405448e-03 0.1341078528 

hsa-miR-1271 -33.25600 -33.52011 2.520893e-03 0.1341078528 

hsa-miR-29b-1 * -33.27898 -33.47414 2.644380e-03 0.1341078528 

hsa-miR-3615 -33.27613 33.47984 2. 644380e-03 0.1341078528 

hsa-miR-150* -33.41443 -33.20324 4.032347e-03 0.1517635183 

hsa-miR-3613-5p -33.41948 -33.19315 4.032347e-03 0.1517635183 

hsa-miR-3121 -33.43282 -33.16646 4.275029e-03 0.1517635183 

Table 3.3: List of top 10 DEG miRNA sorted by p-value using RLE normalization. 

miRNA I logConc I logFC PValue FDR 

hsa.-miR-1246 -31.18411 37.66388 1.849856e-06 0.0006566988 

hsa-miR-136 -33.21907 33.59397 1. 75 7356e-03 0.1140007553 

hsa-miR-944 -33.22928 -33.57354 1.842536e-03 0.1140007553 

hsa-miR-3615 -33.24609 33.53993 1. 933614e-03 0.1140007553 

hsa-miR-362-3p -33.25111 33.52989 1. 933614e-03 0.1140007553 

hsa.-miR.-1271 -33.27828 -33.47554 2.135666e-03 0.1140007553 

hsa-miR.-29b-1 * -33.29968 -33.43274 2.247902e-03 0.1140007553 

hsa.-miR.-150* -33.44504 -33.14202 3.534816e-03 0.1336223880 

hsa.-miR.-3121 -33.45971 -33.11268 3.7640lle-03 0.1336223880 

hsa.-miR-3613-5p -33.45111 -33.12989 3.764011e-03 0.1336223880 
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Table 3.4: List of top 10 DEG miRNA sorted by p-value using TMM normalization. 

miRNA I logConc I logFC PValue FDR 

hsa-rniR.-1246 -31.16836 37.69538 2.014405e-06 0.0007151139 

hsa-miR.-136 -33.22423 33.58364 1.944452e-03 0.1263968907 

hsa-miR-944 -33.24291 -33.54629 2.039425e-03 0.1263968907 

hsa-miR-362-3p -33.24976 33.53260 2.039425e-03 0.1263968907 

hsa-miR-3615 -33.25212 33.52787 2.141050e-03 0.1263968907 

hsa-miR-1271 -33.27767 -33.47677 2.249941e-03 0.1263968907 

hsa-miR-29b-1 * -33.30132 -33.42946 2.492333e-03 0.1263968907 

hsa-miR-150* -33.43264 -33.16684 3. 702500e-03 0.1398614223 

hsa-miR.-3613-5p -33.43725 -33.15760 3. 702500e-03 0.1398614223 

hsa-miR-3121 -33.45257 -33.12696 3.939758e-03 0.1398614223 

2. From DESeq software: Vole found, 12 most significantly differentially expressed miR­

NAs with strongly down-regulated and up regulated miRNAs by using DESeq software. 

Table 3.5: Identification of most significant Differentially expressed miRNA by DESeq 

id ba.,cMean ba.,oMcanA ba.,cMcanB fold Change log2FoldChangc pval padj rcsVarA resVarB 

hsa-miR-1246 20fi.87 413.74 0 0 -Inf 1.89E-022 fi.72E-020 18.37 0 

hsa-miR-193a-3p 54.!il 98.09 10.92 0.11 -3.17 2.15E-005 0 1.18 0.59 

hsa-miR.-424 1041.!i5 1838.94 244.16 0.13 -2.91 2.92E-005 0 12.91 0.08 

hsa-rniR-495 521.45 89.81 953.09 10.61 3.41 0 0.02 0.15 2.09 

hsa-miR.-369-3p 90.17 15.72 164.62 10.47 3.39 0 0.03 0.17 0.04 

hsa-miR.-130a 2952.fi9 4733.19 1172.19 0.25 -2.01 0 0.03 12.84 0 

hsa-miR-720 403.16 655.71 150.61 0.23 -2.12 0 O.o3 6.48 1.13 

hsa-miR-136 12.33 24.66 0 0 -Inf 0 0.03 0.05 0 

hsa-miR-3615 11.88 23.76 0 0 -Inf 0 0.04. 0.1 0 

hsa-miR.-3fi2-3p 11.77 23.53 0 0 -Inf 0 0.04 0.28 0 

hsa-miR-19fib 224.fi8 366.53 82.84 0.23 -2.15 0 0.04 10.17 0.07 

hsa-miR-1277 R6.79 29.6!i 143.93 4.85 2.2R 0 0.09 0.63 16.24 
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Table .Hi: Identification of most significant. down-regulated miRNA by DESeq 

icl hasel\Jcan haseMcanA hascMcanil fold Change log2FoldChangc pval padj resVarA rcsVarB 

hsa-mifl-1246 206.87 4l:U4 () 0 -Inf 1.8!JE-022 6.72E-020 18.37 0 

hsa-miR-l:lfi 12.:l:l 24.66 0 0 -Inf 0 0.03 0.05 0 

hsa-mifl-:l61!'i 11.88 2:l.76 0 0 -Inf 0 0.04 0.1 0 

hsa-miR.-:l62-3p 11.77 23.53 0 0 -Inf 0 0.04 0.28 0 

hsa-miR.-193a-3p .)4.51 98.09 10.92 ().]1 -3.17 2.15E-005 0 1.18 0.59 

hsa-miR.-424 1041.55 1838.94 244.16 0.13 -2.91 2.92E-005 0 12.91 0.08 

hsa-miR-196b 224.68 366.53 82.84 0.23 -2.15 0 0.04 10.17 0.07 

hsa-miR.-720 403.16 655.71 150.61 0.23 -2.12 0 0.03 6.48 1.13 

hsa-miR.-130a 2952.69 4733.19 1172.19 0.25 -2.01 0 0.03 12.84 0 

hsa-miR.-1277 86.79 29.65 143.93 4.85 2.28 0 0.09 0.63 16.24 

hsa-miR-369-3p 90.17 15.72 164.62 10.47 3.39 0 0.03 0.17 0.04 

hsa-miR.-495 521.45 89.81 953.09 10.61 3.41 0 0.02 0.15 2.09 

Table 3.7: Identification of most significant up-regulated miRNA by DESeq 

id baseMean baseMeanA baseMeanB fold Change log2FoldChange pval padj resVarA resVarB 

hsa-mill-4fl5 521.45 89.81 953.09 10.61 3.41 0 0.02 0.15 2.09 

hsa-miR.-:l!i9-3p 90.17 15.72 164.62 10.47 3.39 0 0.03 0.17 0.04 

hsa-mill-1277 86.79 2fl.65 143.93 4.85 2.28 0 0.09 0.63 16.24 

hsa-miR-130a 2%2.69 4733.19 1172.19 0.25 -2.01 0 0.03 12.84 0 

hsa.-miR.-720 40:U6 655.71 150.61 0.23 -2.12 0 0.03 6.48 1.13 

hsa-miR-1fl6b 224.6R 3fifi.5:! 82.84 0.23 -2.15 0 0.04 10.17 0.07 

hsa.-miR.-424 104l.!'i!'i 18:!8.!!4 244.l!i 0.13 -2.91 2.92E-005 0 12.91 0.08 

hsa-miR-Hl3a-3p 54.!'il 98.09 10.92 fl.ll -3.17 2.15E-005 0 1.18 0.59 

hsa-rnifl-124fi 20fi.87 41:1.74 0 0 -Inf 1.89E-022 fi.72E-020 18.37 0 

hsa-mill- J:l6 12 .. 1:1 24.66 0 0 -Inf 0 0.0.1 0.05 0 

hsa-rniR-3GJ5 11.88 2:!.7G () () -Inf () 0.04 0.1 0 

hsa-mi R<lfi2<lp 11.77 2:l.!'i3 0 0 -Inf 0 0.04 0.28 0 

DESeq calculated, its mean expression level (at the base scale) as a joint estimate from 

both conditions, and estimated separately for each condition, the fold change from the 

first to the second condition, the logarithm (to basis 2) of the fold change, and the p 
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value for tlw statistical significance of this change. for each gene. The padj column con­

tc"tin~ the p values. adjusted for multiple testing with the Benjamini-Hochberg procedure 

(See the ~tcmrl.cud R function p.adjust). which controls false discovery rate (FDR). The 

ldst two column~ show the ratio of the single gene estimates for the base variance to 

the fitted n1lue (See Table 3.5-3.7). This may help to notice false hits due to variance 

outliers. List of top 20 differentiallv expressed genes are shown in Appendix (A.4). 

3. From Likelihood ratio test: Using the IsomiR expression profile as explained in 

Figun' :3.-±: Differentiall:v- expressed isomiRs among Normals (N4 & N5). shown in blue color and Patients 

( P 1 &: P2). shown in red color and common isomiRs are shown in cyan color . 

detail in the .. Methods" section, total 928 differentially expressed isomiRs were detected 

bet\veen normal and patient samples by applying the likelihood ratio test on the quantile 

normalized data set. Among the list of differentially expressed isomiRs . we determined 

some normal specific. some patients specific miRNAs and some isomiRs were common 
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in both normal and patient samples (See Figure 3.4). These differentially expressed 

isomiR.s sequences can give the better ability to detect differential miRNA expression 

level. List of top 20 differentially expressed isomiRs are given in Appendix (A.5). 

3.3 Identification and Examination of the most abundant isomiR 

As discussed in the "Methods"chapter, the most abundant IsomiR was first detected from 

amongst its IsomiR family members. The most abundant isomiR was then checked to see if 

it was the reference miRN A as given in the miRBase or not. Those cases where the reference 

miRN A was the most abundant one were named as "YES" and those cases where some other 

isomiR was the most abundant, were named as "NO". The Table 3.1 lists the number of 

"YES" and "N 0" cases sample wise. 

Hence "YES" has given to those isomiRs which are present in miRBase as reference 

sequence with highest abundant and "NO"to those sequences which does not correspond to 

highest abundant but occur in miRBase dataset i.e., this most abundant sequence did not 

correspond exactly to the current miRBase reference sequence [28]. Numbers of such cases 

are shown in Table 3.8. List. of identified most abundant isomiR are shown in Appendix 

(A.6-A.10). 

The results suggest the following: 

a) Tissue and Environment based expression of the isomiRs 

The most abundant isomiR sequence varies with different tissues under consideration. 

Their expression is governed by a number of factors [29]. 

b) Length preference of the reference miRNAs 

Most of the reference miRNAs in miRbase have lengths around 21 to 22nts, and are in 

miRBase inspite of not being the most abundant isomiR. 
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Table ~.R: Classification of the most abundant miRNA 

Sample No. of cases Match with most abundant IsomiRs 

N4 240 Yes 

N4 238 No 

N5 240 Yes 

N5 204 No 

Pl 263 Yes 

Pl 189 No 

P2 242 Yes 

P2 225 No 

K562 317 Yes 

K562 160 No 

These could draw questions such as: 

1. Is there a length hi a.';; in selection of the reference miRN A ? 

2. Or are the original submissions to the miRBase incorrect ? 

During expression analysis of the known miRNAs, choosing the reference miRNA may 

not always give the correct representation of the miRNA profile. Selecting the most abundant 

miRNA is the better alternative and should be used for downstream analysis including 

differential expression analysis and selecting diagnostic/prognostic markers. 

3.4 IsomiRs present in specific condition 

Using the IsomiR expression profile as explained in section 2.12, the Normal specific and 

Patient specific isomiRs were determined. IsomiRs having expression below twenty were 
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removed. No. of such cases are given in Table 3.9 and list of such isomiRs are given in 

Appendix (A.ll). 

Table 3.9: Number of normal and patient specific isomiRs 

I Number of IsomiRs 

15 

20 

I Present (In sample) 

Normal (N4 &N5) 

Patient (P1 & P2) 

3. 5 Most abundant star miRN A in Nor mal and Patient samples 

During expression analysis of IsomiRs, some most abundant isomiRs, which are present in 

miRBase as reference sequence of miRNAs* are detected. These star sequences are having 

higher frequency to their counterparts. The most abundant star sequences may be varies 

with different tissues under consideration. No. of such cases are shown in Table 3.10. 

Table 3.10: Number of most abundant miRNA * sequences corresponding to their counterparts. 

Most abundant miRNA* se-
Sample data 

quences 

N4 17 

N5 14 

P1 12 

P2 16 

K562 16 
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Summary and Conclusion 

As explained in earlier section [2.4) that appropriate normalization reduce systematic errors 

and improve the detection of differentially expressed genes. Thus the conclusion from section 

[2.4) and [2.5) can be summarized as follow: different types of normalization method have 

been evaluated and visualized by the plots. Many statistical tests are exist to identify the 

differentially expressed genes but its depend on the data set that what type of distribution 

data follow, for example, if data has more variation in its mean and variance then we can 

not apply Poisson distribution on that data. We can also classify and compare differentially 

expressed genes by using couple of R tools. The list of miRNAs that were found to be 

differentially expressed can provide the information on the biology of human leukocytes and 

also serve as new markers of carcinogenesis. 

Conclusions from the section [3.3), [3.4) and [3.5) can be summarized as follow: the list 

of most abundant isomiR can give the better analysis of the known miRNA. Selecting the 

most abundant miRNA is the better alternative and should be used for downstream analysis 

including differential expression analysis and selecting diagnostic/prognostic markers. 
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Appendix A 

List of results 

Differentially expressed genes using edgeR 

Table A .1: Differentially expressed genes after Quantile 

normalization 

miRNA logConc logFC PValue FDR 

hsa-miR-1246 -31.12341 37.785282 2.659895e-06 0.0009442627 

hsa-miR-944 -33.21702 -33.598071 2.196085e-03 0.1341078528 

hsa-miR-362-3p -33.24951 33.533088 2. 405448e-03 0.1341078528 

hsa-miR-136 -33.24535 33.541415 2.405448e-03 0.1341078528 

hsa-miR-1271 -33.25600 -33.520114 2.520893e-03 0.1341078528 

hsa-miR-29b-1 * -33.27898 -33.474142 2.644380e-03 0.1341078528 

hsa-miR-3615 -33.27613 33.479839 2. 644380e-03 0.1341078528 

hsa-miR-150* -33.41443 -33.203240 4.032347e-03 0.1517635183 

hsa-miR-3613-5p -33.41948 -33.193154 4.032347e-03 0.1517635183 

Continued on next page 

43 



APPENDIX A. LIST OF RESULTS 

Table A.l - continued from previous page 

miRNA logConc logFC PValue FDR 

hsa-miR.-3121 -33.43282 -33.166464 4.275029e-03 0.1517635183 

hsa-miR.-505 -33.61889 -32.794322 7.249017e-03 0.2311813235 

hsa-miR.-223* -33.62799 -32.776125 7.814580e-03 0.2311813235 

hsa-miR.-504 -33.70146 -32.629193 9 .150350e-03 0.2474121502 

hsa-miR.-329 -33.74705 -32.538006 1. 083588e-02 0.2474121502 

hsa-miR.-3138 -33.79325 32.445604 1.184791e-02 0.2474121502 

hsa-miR.-4286 -33.77894 32.474225 1.184791e-02 0.2474121502 

hsa-miR.-940 -33.77894 32.474225 1.184791e-02 0.2474121502 

hsa-miR.-3183 -33.82247 -32.387172 1. 299986e-02 0. 2563860909 

hsa-miR.-582-5p -33.88489 32.262326 1. 58344 7 e-02 0. 2958545655 

hsa-miR.-224 -33.99097 32.050172 2.203832e-02 0.3840321378 

hsa-miR.-509-3-5p -34.03460 31.962906 2.488096e-02 0.3840321378 

hsa-miR.-551a -34.05578 31.920549 2. 488096e-02 0.3840321378 

hsa-miR.-96 -34.05578 31.920549 2.488096e-02 0.3840321378 

hsa-miR-3677 -34.10035 -31.831417 2.827502e-02 0.3961215289 

hsa-miR-493 -34.10035 -31.831417 2.827502e-02 0.3961215289 

hsa-miR-495 -12.77326 -3.330698 2.913642e-02 0.3961215289 

hsa-miR.-671-5p -34.15926 31.713582 3. 236 770e-02 0.3961215289 

hsa-miR.-369-3p -15.27982 -3.291965 3. 366532e-02 0.3961215289 

hsa-miR.-136* -34.21929 -31.593525 3.735761e-02 0.3961215289 

hsa-miR.-154 * -34.21929 -31.593525 3. 735761e-02 0.3961215289 

hsa-miR.-122 -34.18401 31.664087 3.735761e-02 0.3961215289 

hsa-miR.-36 76 -34.18401 31.664087 3.735761e-02 0.3961215289 

hsa-miR.-3127 -34.21716 31.597793 3.735761e-02 0.3961215289 

Continued on next page 
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Table A.l - continued from previous page 

miRNA logConc logFC PValue FDR 

hsa-miR-1274a -34.29325 -31.445606 4.351758e-02 0.3961215289 

hsa-miR-1299 -34.29325 -31.445606 4.351758e-02 0.3961215289 

hsa-miR-3190 -34.29325 -31.445606 4.351758e-02 0.3961215289 

hsa-miR-378* -34.28010 31.471903 4.351758e-02 0.3961215289 

hsa-miR-204 -34.27176 -31.488595 4.351758e-02 0.3961215289 

hsa-miR-3175 -34.24159 31.548926 4.351758e-02 0.3961215289 

Table A.2: Differentially expressed genes after RLE nor­

malization 

miRNA logConc logFC PValue FDR 

hsa-miR-1246 -31.18411 37.663879 1.849856e-06 0.0006566988 

hsa-miR-136 -33.21907 33.593975 1. 75 7356e-03 0.1140007553 

hsa-miR-944 -33.22928 -33.573544 1.842536e-03 0.1140007553 

hsa-miR-3615 -33.24609 33.539929 1. 933614e-03 0.1140007553 

hsa-miR-362-3p -33.25111 33.529893 1. 933614e-03 0.1140007553 

hsa-miR-1271 -33.27828 -33.475541 2.135666e-03 0' 1140007553 

hsa-miR-29b-1 * -33.29968 -33.432741 2.247902e-03 0.1140007553 

hsa-miR-150* -33.44504 -33.142024 3.534816e-03 0.1336223880 

hsa-miR-3121 -33.45971 -33.112680 3. 764011e-03 0.1336223880 

hsa-miR-3613-5p -33.45111 -33.129887 3.764011e-03 0.1336223880 

hsa-miR-223* -33.65010 -32.731918 6.650673e-03 0.1829131748 

hsa-miR-505 -33.64410 -32.743917 6.650673e-03 0.1829131748 

Continued on next page 
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Table A.2 - continued from previous page 

miRNA logConc logFC PValue FDR 

hsa-miR-4286 -33.66686 32.698379 7.213477e-03 0.1829131748 

hsa-miR-940 -33.66686 32.698379 7.213477e-03 0.1829131748 

hsa-miR-504 -33.74354 -32.545030 9.363681e-03 0.2027520321 

hsa-miR-329 -33.77070 -32.490712 1.028038e-02 0.2027520321 

hsa-miR-3138 -33.76986 32.492382 1. 028038e-02 0.2027520321 

hsa-miR-582-5p -33.77407 32.483967 1. 028038e-02 0.2027520321 

hsa-miR-3183 -33.82951 -32.373097 1.132792e-02 0.2116532374 

hsa-miR-551a -33.94734 32.137434 1. 7 43059e-02 0.2946599240 

hsa-miR-96 -33.94734 32.137434 1. 7 43059e-02 0.2946599240 

hsa-miR-495 -12.85136 -3.404822 2.192116e-02 0.3121464614 

hsa-miR-224 -34.04854 31.935022 2.231564e-02 0.3121464614 

hsa-miR-671-5p -34.05249 31.927119 2.231564e-02 0.3121464614 

hsa-miR-369-3p -15.36816 -3.371553 2.406881e-02 0.3121464614 

hsa-miR-3127 -34.11141 31.809290 2. 549929e-02 0.3121464614 

hsa-miR-509-3-5p -34.09147 31.849178 2.549929e-02 0.3121464614 

hsa-miR.-3677 -34.10834 -31.815426 2.549929e-02 0.3121464614 

hsa-miR.-493 -34.10834 -31.815426 2.549929e-02 0.3121464614 

hsa-miR.-378* -34.17553 31.681040 2. 935 765e-02 0.3473988903 

hsa-miR.-1 93a-3p -16.00143 3.142508 3.681784e-02 0.3637004335 

hsa-miR-582-3p -34.24588 31.540356 3.995582e-02 0.3637004335 

hsa-miR-136 * -34.25947 -31.513173 3. 995582e-02 0.3637004335 

hsa-miR-154 * -34.25947 -31.513173 3.995582e-02 0.3637004335 

hsa-miR-122 -34.23823 31.555658 3.995582e-02 0.3637004335 

hsa-miR.-3676 -34.23823 31.555658 3.995582e-02 0. 363 7004335 

Continued on next page 
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Table A.2- continued from previous page 

miRNA logConc logFC PValue FDR 

hsa-miR-1274a -34.30210 -31.427918 3. 995582e-02 0.3637004335 

hsa-miR-1299 -34.30210 -31.427918 3.995582e-02 0.3637004335 

hsa-miR-3190 -34.30210 -31.427918 3.995582e-02 0.3637004335 

hsa-miR-424 -11.65706 2.912488 4.539811e-02 0.3653841383 

hsa-miR-129* -34.35601 31.320080 4. 734555e-02 0.3653841383 

hsa-miR-204 -34.31169 -31.408723 4. 734555e-02 0.3653841383 

hsa-miR-1254 -34.38015 -31.271802 4. 734555e-02 0.3653841383 

hsa-miR-3175 -34.29469 31.442719 4. 734555e-02 0.3653841383 

hsa-miR-19a -34.32376 31.384586 4. 734555e-02 0.3653841383 

hsa-miR-375 -34.32376 31.384586 4. 734555e-02 0.3653841383 

Table A.3: Differentially expressed genes after TMM nor­

malization 

miRNA logConc logFC PValue FDR 

hsa-miR-1246 -31.16836 37.695382 2.014405e-06 0.0007151139 

hsa-miR-136 -33.22423 33.583641 1. 944452e-03 0.1263968907 

hsa-miR-944 -33.24291 -33.546290 2. 039425e-03 0.1263968907 

hsa-miR-362-3p -33.24976 33.532596 2. 039425e-03 0.1263968907 

hsa-miR-3615 -33.25212 33.527870 2.141050e-03 0.1263968907 

hsa-miR-1271 -33.27767 -33.476767 2.249941e-03 0.1263968907 

hsa-miR-29b-1 * -33.30132 -33.429463 2. 492333e-03 0.1263968907 

hsa-miR-150* -33.43264 -33.166835 3. 702500e-03 0.1398614223 

Continued on next page 
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Table A.3 - continued from previous page 

miRNA logConc logFC PValue FDR 

hsa-miR-3613-5p -33.43725 -33.157603 3. 702500e-03 0.1398614223 

hsa-miR-3121 -33.45257 -33.126960 3. 939758e-03 0.1398614223 

hsa-miR.-505 -33.63936 -32.753395 6.917014e-03 0.2046283282 

hsa-miR-223* -33.64978 -32.732553 6.917014e-03 0.2046283282 

hsa-miR-4286 -33.69096 32.650182 8.144 721e-03 0.2065268459 

hsa-miR-940 -33.69096 32.650182 8.144721e-03 0.2065268459 

hsa-miR-504 -33.71479 -32.602530 8.875675e-03 0.2098732243 

hsa-miR-329 -33.76819 -32.495734 9. 702328e-03 0.2098732243 

hsa-miR-3138 -33.77424 32.483624 1.064146e-02 0.2098732243 

hsa-miR-582-5p -33.79788 32.436340 1. 064146e-02 0. 2098 732243 

hsa-miR-3183 -33.85092 -32.330275 1.294404e-02 0.2418492604 

hsa-miR-551a -33.97061 32.090892 1. 794250e-02 0.3033137223 

hsa-miR-96 -33.97061 32.090892 1. 794250e-02 0.3033137223 

hsa-miR-671-5p -34.07538 31.881347 2.291300e-02 0.3363184696 

hsa-miR-224 -34.03360 31.964918 2.291300e-02 0.3363184696 

hsa-miR-495 -12.83821 -3.371262 2.407867e-02 0.3363184696 

hsa-miR-3677 -34.12861 -31.774889 2.614677e-02 0.3363184696 

hsa.-miR-493 -34.12861 -31.774889 2.614677e-02 0.3363184696 

hsa.-miR.-509-3-5 p -34.07669 31.878724 2.614677e-02 0.3363184696 

hsa.-miR.-369-3p -15.34815 -3.345300 2.652653e-02 0.3363184696 

hsa.-miR.-3127 -34.13406 31.763989 3.006105e-02 0. 3638990734 

hsa.-miR.-122 -34.22410 31.583916 3.485231e-02 0.3638990734 

hsa-miR-3676 -34.22410 31.583916 3.485231e-02 0.3638990734 

hsa-miR-136* -34.23305 -31.566015 3.485231e-02 0. 3638990734 

Continued on next page 
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Table A.3 - continued from previous page 

miRNA logConc logFC PValue FDR 

hsa-miR-154* -34.23305 -31.566015 3.485231e-02 0. 3638990734 

hsa-miR-378 * -34.19791 31.636286 3.485231e-02 0.3638990734 

hsa-miR-3175 -34.28083 31.470441 4.079124e-02 0.3799897593 

hsa-miR-204 -34.28557 -31.460970 4.079124e-02 0.3799897593 

hsa-miR-582-3p -34.26793 31.496245 4.079124e-02 0.3799897593 

hsa-miR-193a-3p -15.98274 3.065602 4.284895e-02 0.3799897593 

hsa-miR-129* -34.34246 31.347197 4.825843e-02 0.3799897593 

hsa-miR-19a -34.34543 31.341241 4.825843e-02 0.3799897593 

hsa-miR-375 -34.34543 31.341241 4.825843e-02 0.3799897593 

hsa-miR-1274a -34.32134 -31.389435 4.825843e-02 0.3799897593 

hsa-miR-1299 -34.32134 -31.389435 4.825843e-02 0.3799897593 

hsa-miR-3190 -34.32134 -31.389435 4.825843e-02 0.3799897593 
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Table A.4: Top 20 differentially expressed genes using DESeq 

miRNA bM bMA bMB fC log2fC pval padj rVarA rVarB 

hsa-miR-122 2.92 5.84 0 0 -Inf 1 1 1.58 0 

hsa-miR-1260b 2.25 4.49 0 0 -Inf 1 1 1.22 0 

hsa-miR-1271 11.37 0 22.7 Inf Inf 1 1 0 0.18 

hsa-miR-129* 2.47 4.94 0 0 -Inf 1 1 1.34 0 

hsa-miR-150* 8.98 0 17.9 Inf Inf 1 1 0 0.61 

hsa-miR-181c 17.62 18.09 17.2 0.95 -0.08 1 1 0.72 0.31 

hsa-miR-186 1836.25 1741.9 1930.6 1.11 0.15 1 1 0.44 1.47 

hsa-miR-191 * 2.25 4.49 0 0 -Inf 1 1 1.22 0 

hsa-miR-19a 2.75 5.5 0 0 -Inf 1 1 1.49 0 

hsa-miR-19b-1 * 2.02 4.04 0 0 -Inf 1 1 1.09 0 

hsa-miR-212 2.25 4.49 0 0 -Inf 1 1 1.22 0 

hsa-miR-223* 6.8 0 13.6 Inf Inf 1 1 0 0.12 

hsa-miR-224 3.82 7.64 0 0 -Inf 1 1 2.06 0 

hsa-miR-26b* 2.25 4.49 0 0 -Inf 1 1 1.22 0 

hsa-miR-29b-1 * 11.04 0 22.1 Inf Inf 1 1 0 0.44 

hsa-miR-3121 8.82 0 17.6 Inf Inf 1 1 0 0.06 

hsa-miR-3124 2.02 4.04 0 0 -Inf 1 1 1.09 0 

hsa-miR-3127 3.66 7.33 0 0 -Inf 1 1 1.98 0 

hsa-miR-31 75 2.7 5.39 0 0 -Inf 1 1 1.46 0 

hsa-miR-3183 5.38 0 10.8 Inf Inf 1 1 0 3.28 
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Table A.5: Top 20 differentially expressed isomiRs using Likelihood ratio test 

miRNA isomir I N4 I N5 I Pl I P2 I 
hsa-let.-7b TGANGTAGTAGGTTGTGTGGTAT 28.5 41.5 12 10.75 

hsa-mir-155 TTAATGCTAATCGTGATAGGGGTA 75.75 95.5 17 11 

hsa-mir-140 TACCACAGGGTAGAACCCCGGACA 48.5 39.75 18.25 11 

hsa-mir-320a AAAAGATGGGTTGAGAGGGCGA 33.75 29.25 11.5 11.25 

hsa-mir-23a ATCACATTGTCAGGGATTTC 97.5 71.25 18.5 11.25 

hsa-mir-140 TACCATAGGGTAGAACCACGGAAA 80.5 90 13.75 11.75 

hsa-mir-140 TACCACAGGGTAGCACCACGGAA 53.5 51.5 13.75 12.75 

hsa-mir-140 TACCACAGGGTACAACCACGGAA 34.5 56.25 14 12.75 

hsa-mir-140 TACCACAGGGTAGGACCACGGAA 32.75 53.5 12.5 13.75 

hsa-mir-342 GGGGTGCTATCTGTGATTGAGGG 51 45.25 13 14 

hsa-mir-3184 TCGTCTCGCTCTCTGCCCCTCA 47.25 54.75 20.25 14 

hsa-mir-140 TACCACAGGGTAGAACCCCGGAA 81 107.75 12.5 14.5 

hsa-mir-140 TACCACAGGGTAGAACCACGNAT 396 44.75 15.5 14.5 

hsa-mir-548w AAAAGTAACTGCGGTTTTTG 44.75 73.5 13 15 

hsa-mir-29c TAGCACCATTTGAAATCGGTTTT 53 82.25 15.75 15 

hsa-mir-30e CTTTCAGTCGGATGTTTACAGCT 59.25 99.25 28.5 15 

hsa-mir-140 TACCACAGGGTAGACCCACGGAA 47.75 65.25 16.75 15.5 

hsa-mir-29a TAGCATTATCTGAAATCGGTTA 113 67.75 21.25 15.75 

hsa-mir-140 TACCACAGGGTAGACCOACGGA 59.25 67.5 13.75 16.5 

hsa-mir-140 TACCACAGCGTAGAACCACGGA 44.5 82.25 13.75 16.5 
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Perl Codes 

1. Perl code for creating expression profile 

#!/user/bin/perl 

# generate multiple files for N4 sample--------; 

for($W=O;$W<940;$W++) 

{ 

$f= 11 N4_ 11
• $W. 11

• txt 11
; 

open(FILE,$f); 

@D =<FILE>; 

$i=O; 

$j=O; 

$t=O; 

foreach $D(@D) 

{ 

chomp $D; 

@C = split(/\s+/,$0); 

@arr1[$i++] = $C[O]; 

@arr2 [$j ++] $C [1] ; 

@arr3[$t++] = $C[2]; 

} 

$length1=$i; 

print 11 $i \n 11
; 

#generate multiple files for N5 sample 

$f= 11 N5_ 11 .$W.''.txt 11
; 
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open(FILE1,$f); 

@01 =<FILE1>; 

$s=@01; 

$COUNT = 0; 

$k=O; 

$1=0; 

$m=O; 

$n=O; 

foreach $01(©01) 

{ 

chomp $D1; 

@C1 = split(/\s+/,$01); 

@arr11[$k++]=$C1[0]; 

@arr12[$1++]=$C1[1]; 

©arr13[$m++]=$C1[2]; 

©arr14[$n++]=$C1[3]; 

} 

$length2=$k; 

print "$k\n"; 

APPENDIX A. LIST OF RESULTS 

#generate multiple files for Pi sample ------; 

$f= "P1_".$W.".txt"; 

open(FILE2,$f); 

©02 =<FILE2>; 

$sj=©02; 
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$u=O; 

$v=O; 

$w=O; 

foreach $D2(©D2) 

{ 

chomp $D2; 

©C2 = split(/\s+/,$02); 

@arr21[$u++]=$C2[0]; 

@arr22[$v++]=$C2[1]; 

@arr23[$w++]=$C2[2]; 

} 

$length3=$u; 

print "$u\n"; 

APPENDIX A. LIST OF RESULTS 

#generate multiple files for P2 sample ------; 

$f= "P2_".$W. ".txt"; 

open(FILE3,$f); 

©D3 =<FILE3>; 

$sk=@D3; 

$p=O; 

$q=O; 

$r=O; 

foreach $D3(©D3) 
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{ 

chomp $03; 

©C3 = split(/\s+/,$03); 

©arr31[$p++]=$C3[0]; 

©arr32[$q++]=$C3[1]; 

©arr33[$r++]=$C3[2]; 

} 

$length4=$p; 

print 11 $p\n 11 ; 

#print 11 enter the output files name: 11 ; 

$f= 11 nn_ 11 .$W. 11 . txt 11 ; 

open(FH1, 11 >$f 11 ); 

$f=11pp_ll. $W • II • txt II; 

open(FH2, 11 >$f 11 ); 

APPENDIX A. LIST OF RESULTS 

#<<<<<<<<<<<<<<<<<< for checking N4 and N5 samples >>>>>>>>>>>>>>> 

for($i=O;$i<$length1;$i++) 

{ 

{ 

$flag=O; 

$j=O; 

while($j<$length2 && $flag==O) 

{ 

if($arr3[$i] eq $arr13[$j]) 

print FH1 11 $arr3[$i]\t$arr2[$i]\t$arr1[$i]\t$arr11[$j]\n11 ; 
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} 

$flag=1 

} 

$j++; 

if ($flag==O) 

{ 

APPENDIX A. LIST OF RESULTS 

print FH1 "$arr3[$i]\t$arr2[$i]\t$arr1[$i]\t0\n"; 

} 

} 

#-------------------------------------------------------------------
for($j=O;$j<$length2;$j++) 

{ 

$flag=O; 

$i=O; 

while($i<$length1 && $flag==O) 

{ 

if($arr3[$i] eq $arr13[$j]) 

{ 

$flag=1 

} 

$i++; 

} 

if ($flag==O) 

{ 

print FH1 "$arr13[$j]\t$arr12[$j]\t0\t$arr11[$j]\n"; 

} 

} 
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#<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

#<<<<<<<<<<<<<<<<<< for checking P1 and P2 samples >>>>>>>>>>> 

for($i=O;$i<$length3;$i++) 

{ 

$flag=O; 

$j=O; 

while($j<$length4 && $flag==O) 

{ 

if($arr23[$i] eq $arr33[$j]) 

{ 

print FH2 "$arr23[$i]\t$arr22[$i]\t$arr21[$i]\t$arr31[$j]\n"; 

$flag=1 

} 

$j++; 

} 

if($flag==O) 

{ 

print FH2 "$arr23[$i]\t$arr22[$i]\t$arr21[$i]\t0\n"; 

} 

} 

#-------------------------------------------------------------------
for($j=O;$j<$length4;$j++) 

{ 

$flag=O; 

$i=O; 

while($i<$length3 && $flag==O) 
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{ 

if($arr23[$i] eq $arr33[$j]) 

{ 

$flag=1 

} 

$i++; 

} 

if ($flag==O) 

{ 

APPENDIX A. LIST OF RESULTS 

print FH2 "$arr33[$j]\t$arr32[$j]\t0\t$arr31[$j]\n"; 

} 

} 

close FH1; 

close FH2; 

#------------------------------------------------------------
#<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

## for the two output files ................................ . 

$f= "nn_". $W.". txt"; 

open(FILE4,$f); 

@DD1 =<FILE4>; 

$sii=©DD1; 

$ii=O; 

$jj=O; 

$tt=O; 

$ss=O; 

58 



foreach $DD1(©DD1) 

{ 

chomp $DD1; 

©C4 = split(/\s+/,$DD1); 

@arry1[$ii++]=$C4[0]; 

@arry2[$jj++]=$C4[1]; 

@arry3[$tt++]=$C4[2]; 

@arry4[$ss++]=$C4[3]; 

} 

$len1=$ii; 

print 11 $ii \n 11
; 

#>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> 

$f= 11 pp_ 11
• $W. " . txt 11

; 

open(FILE5,$f); 

©DD2 =<FILES>; 

$uu=O; 

$vv=O; 

$ww=O; 

$xx=O; 

foreach $DD2(©DD2) 

{ 

chomp $DD2; 

©C5 = split(/\s+/,$DD2); 

@arry11[$uu++]=$C5[0]; 

@arry12[$vv++]=$C5[1]; 

@arry13[$ww++]=$C5[2]; 
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©arry14[$xx++]:$C5[3]; 

} 

$len2:$uu; 

print 11 $uu\n 11
; 

#>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>. 

$f1: 11 HSA- 11
• $W. 11

• txt 11
; 

open(FH3, 11 >$f1 11
); 

#<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 

for($i:O;$i<$len1;$i++) 

{ 

$flag:O; 

$j:O; 

while($j<$len2 && $flag::Q) 

{ 

if($arry1[$i] eq $arry11[$j]) 

{ 

APPENDIX A. LIST OF RESULTS 

print FH3 11 $arry2[$i]\t$arry1[$i]\t$arry3[$i]\t$arry4[$i] 

\t$arry13[$j]\t$arry14[$j]\n 11
; 

$flag:1 

} 

} 

$j++; 

if($flag::Q){ 

print FH3 11 $arry2[$i]\t$arry1[$i]\t$arry3[$i]\t$arry4[$i]\t0\t0\n11
; 

} 

} 
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#-------------------------------------------------------------------

for($j=O;$j<$len2;$j++) 

{ 

$flag=O; 

$i=O; 

while($i<$len1 && $flag==O) 

{ 

} 

if($arry1[$i] eq $arry11[$j]) 

{ 

$flag=1 

} 

$i++; 

if ($flag==O) 

{ 

print FH3 "$arry12[$j]\t$arry11[$j]\t0\t0\t$arry13[$j]\t$arry14[$j]\n"; 

} 

} 

close FH3; 

2. Perl code for identifying the reference miRN A with most abundant isomiR 

# ..... code for comparing two files ..... #### 

#!/user/bin/perl 

#print"enter the sequence file name:"; 

my $f = $ARGV[O]; 

open(FILE,$f); 
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©D =<FILE>; 

$si=©D; 

$COUNT = 0; 

$i=O; 

$j=O; 

$t=O; 

$u=O; 

$v=O; 

$w=O; 

$x=O; 

$y=O; 

foreach $D(©D) 

{ 

chomp $D; 

©C = split(/\s+/,$D); 

©arr1[$i++]=$C[O]; 

©arr2[$j++]=$C[1]; 

©arr23[$t++]=$C[2]; 

©arr24[$u++]=$C[3]; 

©arr25[$v++]=$C[4]; 

©arr26[$w++]=$C[5]; 

©arr27[$x++]=$C[6]; 

©arr28[$y++]=$C[7]; 

} 

$length1=$i; 

print "$i \n"; 

APPENDIX A. LIST OF RESULTS 
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my $f = $ARGV[1]; 

open(FILE1,$f); 

©D1 =<FILE1>; 

$s=©D1; 

print "$s\n"; 

$COUNT = 0; 

$k=O;$o=O; 

$p=O;$n=O; 

$q=O;$m=O; 

$r=0;$1=0; 

$s=O; 

foreach $D1(©D1) 

{ 

chomp $D1; 

©C1 = split(/\s+/,$01); 

©arr3[$k++]=$C1[0]; ©arr7[$o++]=$C1[4]; 

©arr4[$1++]=$C1[1]; ©arr8[$p++]=$C1[5]; 

©arr5[$m++]=$C1[2]; ©arr9[$q++]=$C1[6]; 

©arr6[$n++]=$C1[3]; ©arr10[$r++]=$C1[7]; 

©arr11[$s++]=$C1[8]; 

} 

$length2=$k; 

#print "enter the output file name:"; 

$outfile1=$ARGV[2]; 
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open(FH1, 11 >$outfile1 11
); 

for($i=O;$i<$length2;$i++) 

{ 

$flag=O; 

$j=O; 

while($j<$length1 && $flag==O) 

{ 

if($arr26[$j] eq $arr7[$i]) 

{ 

APPENDIX A. LIST OF RESULTS 

print FH1 11 $arr3[$j]\t$arr4[$i]\t$arr5[$i]\t$arr6[$i]\t$arr7[$i]\t 

$arr8[$i]\t$arr9[$i]\t$arr10[$i]\tyes\n 11
; 

} 

} 

$flag=1 

} 

$j++; 

if ($flag==O) 

{ 

print FH1 11 $arr3[$j]\t$arr4[$i]\t$arr5[$i]\t$arr6[$i]\t$arr7[$i]\t 

$arr8[$i]\t$arr9[$i]\t$arr10[$i]\tNo\n11
; 

} 
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Table A.6: Identification of most abundant IsomiRs for N4 sample 

rearl-name 

20. 22.11¥11 7:) 

1.22.1f>i<114 

97.22.1·116:! 

12.22.Vi176 

167!1.22.:1'11 

~2H.22.~17!; 

o12:11;.22.Ci 

Hi.22.1:l:l929 

12:1022.22.1 

7.22. J(;2~il9 

1:)1011.21.1 

81.22.19123 

Reference 

lu•n·l<'t.-7a-3 

hsn-lf.'t-7h 

hsn-ld-(f: 

hf'a-ft"f.-7d 

hsa-l('t-7d 

hsR-ll't-iP 

hs:l.-k-t-7P 

!Jsa-l<'t-if-2 

hsa-lt>t.-7f-2 

hsn-kt-7g 

hl-ia-lct.-7g 

hsn-let-7i 

7:171.22})6 hsn-kt-7i 

168.22.7089 hsa-mir-1-2 

,1119.22.110 hs.Hnir-100 

122269.22.3 hsa--mir-101-1 

165.21.7210 hsn-mir-101-2 

18.2:l.10925:J hsa-mir-IO:J-2 

59296.23.5 hsa-mir-103-2 

11206.23.33 hsa-mir-106a 

275.22.3928 hsn-mir-106b 

616.21.1226 hsn.-mir-106h 

IOO.n 1~8~8 hsn-mir-107 

2RIYI.2:l.171 hsa-mir-lOa 

1Cil86.22. 7 

9298.>.21.-1 

12(iC,:;9.2:l.1 

2:)291.20.11 

27'ru6.22.11 

F>C>72.21.22 

7727:!.2·1.'1 

hsa-mir-122 

hsa-mir-l22R 

hsa-mir-122!) 

hsrHnir-124-:~ 

hs~-mir-12·19 

hsrHnir-12.:',() 

1NHnir-12M 

7917.2:1 .. )1 h)>;fl.-lllir-12!",:-ia 

;~!J(J2.22.11R h~>;a-mir-12:-i:}h-2 

27ROR.22.11 hsa-mir-12.'"~() 

.1(i J.;. 2·1.129 h.-;a-mir-J2.ltl 

7:;r,.;.22.:t'1 hsn-mir-12f>a 

()016.22. 72 h.-;sHllir-12!lb-l 

·Hl!lS.21.ll1 hsHnir-126 

HW18.22.~7 hsa-mir-12(i 

:ln1~0R.l9.1 

I'>fi71l.22.22 

:m1.18.120 

129~.22.182 

hsa-mir-1260h 

hsa-mir-1262 

hsn-mir-1268 

hsn-mir-127 

Position 

10 
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G1 

52 

12 

10 

18 

17 

10 

12 

51 

11 

19 

21 

H 

27 

:H 

11 

11 

1·1 

;)J 

o6 

lsomiRs 

TGACCTAC:TAGGTIC:TATAGTI 

TGAC:C:Tt\GTAGC:TIC:TGTCCTT 

TGAGGTAC:TAGGTIC:TATC:GTT 

AGA(;C:TAC:TACGTTGC:ATACTT 

CTATACGACCTC:CTC:CC'TITCT 

TC:AGGTAC:Gi\GGTTGTATACTT 

CTATACC:GCCTGCTAGGTTTCC 

TGAG(;TAGTAC:ATTGTATAGTT 

CTATACACTCTACTGTCTTTCC 

TGAGGTAGTAGTTIGTACAGTI 

GTC:TAC/\GGCCACTGCCTTGC' 

TGAGGT/\GTAGTTTGTGCTGTT 

CTC:CGCAAGCTACTGCCTTGCT 

TGGAATGTAAAGAAGTATGTAT 

AACCCGT/\GATCCGAACTTGTG 

CAGTTATCACAGTGCTGATGCT 

TACAGTACTGTGATAACTGAA 

AGCAGCATIGTACAGGGCTATGA 

AGCTICTTTACAGTGCTGCCTTG 

AAAAGTGCTTACAGTGCAGGTAG 

CCGCACTGTGGGTACTTGCTGC 

TAAAGTGCTGACAC:TC:CAGAT 

AC:CAGCATIGTACAGGGCTATCA 

TACCCTGTAGATCCGAATTTGTG 

TGGAGTGTGACAATGGTGTTIG 

GTGGGCGGGGGC/\GGTC:TGTG 

CTCTCACCACTGCCCTCCCACAG 

TAAGCCACGCGC:TGAATGCC 

/\('GC(;(TTCCCCC:CCTICTTCA 

ACCC:TC:f'TGGATC:TC:CCfTTT 

ACCCTGCAAGCTGGAC:CCTGCA(;T 

AGCATGA(;('AAAC:A/\1\CTAGATT 

C'CCATCI\CCAAAGAAAGTC:C:TT 

1\GC:CATT(;ACTTCTCACT/\C:(T 

TC'CC'Tf:/\GACCCTTTA/\CCTC:TC;/1 

ACAGC:TGAC:GTTCTIGC:GAGCC 

TCCCTG/\CAC('CTA/\GTTGH:A 

CATTATTA(TTTTGCT/\CCCC 

TCGT/\CCGTG/\GT/\1\TA/\TGCG 

1\TCCC/\CC/\CTGCCACCAT 

1\H:C:GTC:AATTIGTAGAAGGAT 

CCGGCGTGGTGC:TC:C:C:C:C: 

TCGC:ATCCC:TCTGAGCTTC:C:CT 

matching-abundance highest-abundance 
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10017:1 

168111 

l-11fi3 

15176 

:111 

~175 

1:13929 

w1n 
56 

7089 

110 

7210 

109253 

33 

3928 

1226 

13&18 

171 

H 

11 

22 

;)I 

118 

11 

129 

:11 

72 

111 

~7 

22 

12!; 

482 

10017:! 

168111 

111G3 

61211 

:J41 

1612 

1~:!929 

12 

162389 

11 

19123 

56 

7089 

110 

f>482 

10117 

10925:! 

25 

3-1 

3928 

1226 

13838 

935 

29 

86 

1!)1 

11 

22 

:l1 

51 

118 

11 

~H 

51 

72 

118 

37 

167 

22 

125 

482 

mature 

hsn-lct-7n 

hsa-let--7h 

hsa-1d-7c 

hsa-lct-7d 

hsn.-)('t.-7d* 

1Jsa-lct-7f' 

hsa-l('t.-7C"* 

hsa-let-7f 

hsa.-lf't-7f-2* 

hsa-!et-7g 

hsa-lrt-7g* 

hsa-let-7i 

hsa-lct-7i* 

hsa-rniR-1 

hsa-miR-100 

hsa-miR-101 * 

hsa-miR-101 

hsn-rniR-10.1 

hsa-miR-103-2* 

ll&a.-miR-106a 

hsa-miR-100b* 

hsa-miR-lOOb 

hsa-miR-107 

hsa-miR-lOa 

hsa-miR-122 

hsa-miR-1228* 

hsa-miR-1229 

h~;:HniR-124 

hsn-miR-1219 

hso.-miR-1250 

hsa-miR-1251 

hsa-miR-l25!'in. 

hsn-miR-125!'ib 

ln•a-miR-1256 

hsa-miR-12fJa-5p 

hsa-miR-12!ia-:lp 

hsa-miR-125b 

hsa-miR-126* 

hsa-miR-126 

hsa-miR-1260h 

h:·m-miR-1262 

lt'ia-miR-1268 

hsa-miR-127-:lp 

match .. with·highest 

yes 

yes 

yes 

No 

yes 

No 

yes 

No 

yes 

yes 

Y<'-S 

yes 

No 

No 

yes 

No 

yes 

yes 

yes 

yes 

No 

No 

No 

No 

No 

yes 

yes 

:"io 

Yf'S 

yes 

Y<'S 

No 

yes 

Y"" 

No 

yes 

No 

yes 

yes 

yes 



read~name Reference 

20497.22.16 hsn-mir-127 

21660.23.1S hsn.--mir~1270-2 

1-1646.22.2-1 hsa.-mir-1271 

11422.17.:J:l \um-mir-127.-th 

7t1A!l.17.M hsa-mir-1275 

1R72.22.297 hsn-mir-1277 

:1266.22.11() hs;Hnir-127P. 

~:l.>.2U011 hsn-mir-12f<-l 

l•n00.22.2-> hsn-mir-12R·I 

(i!J7?l.22.nO hs;.t.~nir-12~-~-1 

I 0!1:17.22.~{5 hsa-mir-12H7 

J(i(i(i2El.22.2 hsn-mir-129-1 

].:)?',2!1.22.22 hsa-mir-12!1-2 

~{1007.21.10 hsn-mir-129-2 

1-51~H.2,1.2:! hsa-mir-12!11 

Mi2:11!1.2fl.1 hsa-mir-1292 

2:H2.22.222 hsfHnir-12!'H-

lfl71120.21.:1 hsa-.mir-12!).; 

!)!)lfiCi.22A hsa.-mir-1296 

1fi8208.22.;{ hsa-mir-12H8 

46667.22.7 

641!1.24.6(i hsadnir-1:101 

319477.18.1 hsa-mir-1306 

.)92.22.1126 hs~Vmir-1~07 

7l69.22.1,198 hsa-mir-1:\0a 

121.22.21!>!'l hsa-mir-1:{011 

19H~2.22.17 lu•a-mir-1:12 

67-1:12.22.7> 

2!,7010.22.2 hsa-mir-1:12:1 

27!l7fH.22.2 km-mir-l:l:ln-2 

2G!)4.22.1Sfi 

2t,()(}!Jfl.2:tz hsa-mir- t:l!'ia-1 

22tH 1.22.14 hsa.-mir- t:l6 

17i>952.2:l.2 hsn-mir-l:l6 

11270.2:l.:l:l h~m-mir-l:lR-1 

7855.22.52 hsa-mir-139 

17!>00.22.19 ln;a-mir-1:J~J 

92.21.15;);)5 hsa-mir- 1-10 

21o12.22.1o hoa-mir-110 

707.2:Ufl7fi hsa-mir-lt12 

R22.2J.~:,; hsa-mir-1 ·12 

31K21 X421 hsR-mir-1·1:t 

218:\6.22.1:) hsa.-mir-11:\ 

1199.22.:\!):l lum.-mir-141 

Position 

22 

12 

14 

14 

17 

t1Ci 

·In 

29 

:JO 

).} 

.)(i 

17 

61 

17 

:)1 

79 

;).1 

;)0 

22 

Ill 

Hi 

1R 

11 

22 

.J:l 

61 

22 

lsomiRs 

CTGAAGCTCAGAGGGCTCTGAT 

CTGGAGATATGGAAGAGCTGTGT 

CTTGGCAGCTAGCAAGCACTCA 

TCCC~GTTCGGGCGCCA 

GTGGGGGAGAGGCTGTC 

TACGTAGATATATATGTATTTT 

TAGTACTGTGCATATCATCTAT 

TCA<'AGTGAACCGGTCTCTTT 

TCTATAC'AGACCCTGGCTTTT<' 

T<'TGC:GC'AACAAAGTGAGACCT 

TC:CTC:G:\T<'AC:TGGTTC:GAGTC: 

AACC:('('TTAC'C<'CAAAAAC:TAT 

AAGCCCTTAC'C<'CAAAAAC:<'AT 

('TTTTT(:('r:c;TCTGGGCTTGC 

TCG(:CCTGAC'TGAAGACCAGCAGT 

TC:GGAACGGGTTCCGGCAGACGCTG 

TGTGAC:C:TTGGCATTGTTGTCT 

TTAGGCCGCAGATCTGGGTGA 

TTAGGGCCCTGGCTCCATCTCC 

TTCATTCGGCTGTCCAGATGTA 

TTCTGGAATTCTGTGTGAGGGA 

TTGCAGCTGCCTGGGAGTGACTTC 

ACGTTGGCTCTGGTGGTG 

ACTCGGCGTGGCGTCGGTCGTG 

CAGTr:CAATGTTAAAAGGGCAT 

CAGTGCAATGATGAAAGGGCAT 

ACCGTGr:CTTTCGATTGTTACT 

TAACAGTCTACAGGCATGCTCG 

TCAAAACTr:AC:Gr:C:CATTTTCT 

TTTGGTCCCCTTCAACCAGCTG 

TGTGACTGC:TTGACCAGAGGGG 

TATGGCTTTTTATTCCTATGTGA 

CATCATCC:TCTCAAATC:AGTCT 

ACTCCATTTC:TTTTGATC:ATGC:A 

AC:CTGC:TGTTC:TC:AATCAGGCCC: 

Tr~ACAGTGCACGTGTCTCCAG 

GGAGACC:CGGCCCTGTTGGAC:T 

TACCACAGC:GTAGAACCACGG 

CACTC:C:TTTTACCCTATGGTAG 

TGTAGTC:TTT<'CTAC'TTTATC:GA 

CATAAAC:TAGAAAGCACTA<'T 

TGAGATC:AAGGACTGTAGCTC 

GGTGCAGTGCTGCATCTCTGGT 

GGATATCATCATATACTGTAAC: 

APPENDIX A. LIST OF RESULTS 

matching.abundance highest·ahundance 

66 

16 39 

15 15 

24 24 

33 1.53 

55 55 

297 297 

146 146 

~011 ~041 

2El 2:1 

60 1~1 

3:) ·HI 

22 

10 

2~ 

222 

66 

1426 

1498 

21:,;, 

17 

186 

14 

33 

52 

19 

1.1555 

15 

1076 

857 

3321 

15 

~93 

22 

IO 

71~ 

11 

222 

26 

67 

96 

1426 

1498 

215!) 

17 

16 

186 

:m 

14 

17 

33 

157 

179 

316313 

29 

1445 

1719 

5330 

106 

652 

mature match-with-highest 

hs .. miR-127-Sp No 

hs .. miR-1270 yes 

hsa-miR-1271 yes 

hsn-miR-1274b No 

hsa-miR-1275 yes 

hsa-miR-1277 yes 

hsa-miR-1278 y('s 

hsa.-miR-128 yes 

hsa-miR-12R1 YPS 

hsa-miR-128!) :"'io 

hsn-miR~l287 No 

h:·m.~miR·129* 

IISfl...llliR-129·:\p 

l!sfl...miR-129-5p 

hsa.-miR-1291 

hsa-miR-1292 

hsn.-miR-12!l4 

hs~miR-1295 

hsn-miR-1296 

llsa-miR-1298 

hsa-miR-1299 

hsa..-miR-1301 

hsa-miR-1306 

hoa-miR-1307 

hsa-miR-130a 

hsn-miR-130b 

hsa.-miR-132* 

hsa-miR.-132 

hsn-miR-1323 

hsa-miR-1:J3a 

hsn-miR-1:14 

hsn-miR-135n 

hsa-miR-136* 

hsa-miR-136 

hsa-miR-1:l8 

hsa-miR-139-5p 

hsn-miR-l:l9-3p 

hsa-miR-140-:lp 

hsn-miR-140-5p 

hsa-miR·112-:Jp 

hsa.-miR-142-5p 

hsa.-miR.-143 

hsfl...miR-143* 

hsa-miR-144* 

No 

j'l'S 

No 

No 

No 

yes 

No 

yes 

No 

No 

yes 

yes 

Y<"S 

YC"S 

No 

No 

No 

yes 

No 

yes 

No 

yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 



read-name Reference Position 

:1191~.20.9 h~n-mir-l·t4 

:l~:J0.2:UaR hsrHnir-145 

110162.22.:\ hsn-mir-115 

715.22.1062 hsfHHir-146a 

:no.22.265R hs1Hnir-14fih 

!l02:n5.22.1 hsa-mir-117h 

19.22.106;).)!) hsa-mir-14Ra 

23R0.=),22.1;~ hsa-mir-l4Ra 

H7.22.~H2 hs.-mir- J.!Rh 

I.">J:l'>·1.2:U 

2:;:;,22.·122R 

12aGR.22.2!l 

!l92.21.fi71 

1165.21.!)116 

28•1.21.377'> 

2a~o~.22.12 

22100.22.14 

728.23.IO:n 

218320.22.2 

111!l.22.!l:i6 

8198a.22.·1 

•107.22.22fifi 

(;2181.22.'> 

10.22.:17-102 

203!!2!1.22.2 

hsn-mir-1!10 

hsn-mir-Ji)O 

hsa-mir-l:'ll 

hsn-mir-151 

hsn-mir-152 

hsn-mir-1537 

hsa-mir-154 

hsn-mir-155 

hsn·mir-J;).; 

hsn.-mir-l5n 

hsa-mir-lFia 

hsrHnir-J.=ih 

lu•a-mir-J:>h 

bsa-mir-1 11-2 

hsn-mir-)f ... 2 

7J:l.22.10G2 hsa-mir-17 

pqo.z:t:l<H hsrHllir-17 

2!)1:1.22. HiR hsa-mir-l~la-1 

21:t.2:l.·1~!12 llli~Hllir-Uqn-2 

~~1G.22.121 hsa-mir-IRin-2 

Mt.2:l.JT,R7 hs1Hnir-1Rlh·1 

l:lJ 7~. 22.27 h>n-mir-l~lc 

hsn-mir-l~k 

(jflfi.2:l.HJf)(i h"iR·Illir-lRld 

flR!lll.2·1.lil lnm-mir-JR2 

2R9.l9.22.11 Jn:a-mir-JR:l 

I 0.22.1.:;1077 hsn-mir-1 R:l 

~~:>0391.22.1 hsa.-mir-JR:l 

r,J2.22.1Ci70 hsn-mir-IRG 

1 ilOR:ln. 22.:~ hsa-mir· 1R7 

H'>:l67.21 .1 

2fn01 :l.21.2 

·18219.2~.fi 

!;7177.2:l.o 

hsa-mir-1R8 

bsa-mir-ISX 

hsn-mir-1Sa 

hsa-mir-1Ra 

l:i 

53 

20 

fi2 

]i) 

i)() 

10 

53 

30 

no 

12 

I~ 

,=)() 

10 

07 

.)2 

;)() 

22 

2(i 

H 

1!1 

II 

70 

11 

4(i 

IsomiRs 

TACAGTATAGATGATGTACT 

GTCCAGTTTTCCCAGGAATCCCT 

GGATTCCTGGAAATACTGTTCT 

TGAGAACTGAATTCCATGGGTT 

TGAGAACTGAATTCCATAGGCT 

GTGTGCGGAAATGCTTCTGCTA 

TCAGTGCACTACAGAACTTTGT 

AAAGTTCTGAGACACTCCGACT 

TCAGTGCATCACAGAACTTTGT 

TCTGGCTCCGTGTCTTCAC'TCCC 

TCTCCCAACCCTTGTACCACTC: 

CTGGTACAGCCCTGGCCCACAG 

CTACACTGAACCTCCTTCACC 

TCGAGGAGCTCACAGTCTAGT 

TCAGTGCATGACAGAACTTGG 

AAAACCCTCTAGTTACAGTTC:T 

AATCATACACGGTTGACCTATT 

TTAATGCTAATCGTGATAGGGGT 

CTCCTACATATTAGCATTAACA 

TAGCACCACATAATCCTTTCTC 

CAC:GCCATATTCTCCTCCCTCA 

TAC:CAC:CACATCATGGTTTACA 

Cf:AATCATTATTTGCTf:CTfTA 

TACCAGCJICGTAAATATTC:GCG 

CCA ATATTACTGTC:CTCfTTT A 

ACTCCAGTC:AAGC:CACTTC:TAG 

CAAACTf:CTTACACTGCAf:GTAC 

ACCATcr:ACCf:TTCATTCTACf' 

AACATTCAACGCTGTCC:CTGACT 

ACCACTGACCGTTGACTGTACC 

AACATTCATTC:CTGTCCGTC:Gf:T 

AACATTCAACCTGTCGCTCAC:T 

AAC:CATCC:ACCC:TTGAC:TGGAC 

AACATTCATTGTTC:TCf:GTGGGT 

TTTf:CCAATf:GTACAMT('ACACT 

TATCCf'ACTf:GTAGAATTCACT 

TGGACAGAAAGGCAGTTCCTGA 

AGGGGf:TGGCTTTCCTCTGCTC 

CAAAGAATTCTCCTTTTGGGCT 

TCGTGTCTTGTGTTGCAGCCGG 

CTCCCACATGCAGGGTTTGCA 

CATCCCTTGCATGGTCGAGGG 

ACTGCCCTAAGTGCTCCTTCTGG 

TAAGf:TGCATCTAGTGCAGATAG 

APPENDIX A. LIST OF RESULTS 

matching-abundance highest-abundance 

67 

138 

1062 

2658 

10()559 

13 

8142 

4228 

20 

671 

5116 

3775 

12 

14 

1031 

5S6 

2266 

1062 

:UH 

JGR 

·n92 

121 

1!"lA7 

27 

IO!Ifi 

(iJ 

II 

11\1077 

1675 

fyl 

138 

1062 

16229 

106559 

13 

8142 

4228 

5:166 

674 

607 

3775 

12 

14 

1202 

6803 

168 

1302 

lfi(l 

2!'i1!) 

]!)92 

185 

~127 

105 

II 

11\4077 

Ill 

2640 

10 

17 

mature 

hsa-miR-144 

hsa-miR-145 

hsadniR-145* 

hsa-miR-146a. 

hsa-miR-146b-5p 

hsn-miR-147b 

hsa-miR-148a 

hsa-miR-148a* 

hsa-miR-148b 

hsa.-miR-149 

hsa-miR-150 

hsa-miR-150* 

hsa-miR-151-3p 

hsa-miR-151-5p 

hsa-miR-152 

hsa-miR-1537 

hsa-miR-154* 

hsa-miR-155 

hsn-miR-155* 

hsa-miR-15a 

hsa-miR-15a* 

hsn-miR-15h 

hsa-miR.-15b* 

h!ia-miR-16 

hsa-miR-16-2• 

hsn-miR-17* 

h~a-miR-17 

h~a-miR.-181a"' 

hsn-miR-lRln 

hsa-miR-lRla-2* 

bNB·llliR-181 b 

hsa-miR-181c 

hsa-miR-181c* 

hsa-miR-18ld 

hsn-miR-182 

hsa-miR-18:J 

hsa-miR-185 

hsn-miR-185* 

hsn-miR-186 

hsa-miR-187 

hsa-miR.-188-3p 

hsa-miR-188-5p 

hsa-miR-18a* 

hsa-miR-18a 

match-with-highest 

No 

yes 

No 

yes 

No 

yes 

yes 

yes 

yes 

yes 

yes 

No 

yes 

No 

yes 

yes 

yes 

No 

yes 

No 

No 

No 

y~ 

No 

}·t•s 

No 

No 

No 

No 

No 

No 

yes 

yes 

No 

No 

No 

yes 

No 

yes 

No 



APPENDIX A. LIST OF RESULTS 

read-name Reference Position IsomiR.s matching-ahunrlance highest-abundance mature match-with-highest 

52:l4.2J.~i\ hsa-mir-190R 11 CCGCGGGGACGGCGATTGGTC' Ro 85 hsa-miR-1908 yes 

106015.22.1 hsa-mir-1!109 1R CGCAGGGGCCGGGTGCTCACCG hsn-miR-1909 yes 

r.~.2~.~19fi0 hsa-mir-1!11 15 CAACGGAATCCCAAAACCAGCTG ~1%0 ~1%0 hsa-miR-191 yes 

1~917!.22.~ hsa-mir-191 ;,7 GCTGCC:CTTGGATTTCGTCCCC 21 hsa-miR-191* No 

li2.21.2R299 hsa-mir-192 2~ C'HiM'CTATCAATTCAC'ACCC 2R299 28299 hsa-miR-192 yes 

2202·11.22.2 hsa-mir-192 fifi CTGCC'AATTC'GATJIGGTCACJIG hsa-miR-192* No 

r.:Jfi.22.1GO:! hs>·mir-1!1:!a 20 TGGGTCTTTGCGGGC'GAGATOJI 160:! 160:! hsa-miR-193a-5p yes 

J:IIR!I.22.27 hsa-mir-J93a .;1 Ai\CTGGCX'TACAAAGTCC:CAGT 27 27 hsa-miR-19~n-3p yes 

RIRI.22:1!1 hsa-mir-J93h 1:1 C:GCGGTTTTGAGGGCGAGATGA In 19 hsn-miR-19~h* yes 

1Ci!l:JJ:J.22.2 hsn-mir-19:11, 

S720.22.·Hi h~a-mir-1 fJ:I-1 

126:i0.21.20 h~n-mir-]!J;) 

:)07;).22.NF< hsn-mir-l!lGa-2 

:i:l16.22.~:l hsa-mir-l!lfih 

2~1~.22.222 hsa-mir-197 

10:12:J.2:1.:17 hsa-mir-l!lDa-1 

79.22.2(H(i~ hsn-nJir-l!'l!ln-2 

~!):l9.2:t .. H hsa-mir-19!Jh 

27:18G7.2:t2 hs;Hnir-l!la 

11fi8:l8.2:l.:l hsn.-mir-Hih-1 

:nnt.2:J.l!'>:) hsa-mir-l!lh-2 

G1711.22.o 

!J~Ho•I.22A 

ll~a·mir~200h 

hsa-mir-200b 

21o2.z:l.207 hsa-mir-201k 

fifi8H.22J) hsa-mir-2fl:l 

2:l:-l46.22. l:l hsn-mir-201 

2!)2i6.22.11 hsn-mir-20G 

21ii 1.2:!.2117 

10!110fi.22.~ 

16294.2:1.21 

177210.22.2 

hsa-mir-2fla 

hsn-mir-20a 

hsn-mir-20h 

hs.·Hnir-20b 

G0.22.:l09.1.i !Jsa-mir-21 

12171.21.:10 hsa-mir-21 

6941.22.60 hsa-mir-210 

7660.22.54 hsa.-mir-2110 

4598.22.97 hsa-mir-2115 

30208.22.10 hsa-mir-2115 

510274.21.1 

74218.22.1 

133o0.21.9 

o1l\R10.21.1 

hsa-mir-212 

hsn-mir-211 

hsa-mir-21;) 

hsn-mir-217 

27Ci!l7.22."11 hsa-mir-219-1 

.~K~2.22.74 hsa-mir-219-2 

:{2(i!if'!1.21.1 hsa-mir-21!'>-2 

H 

11 

21 

11 

H 

(i!) 

z.-, 

18 

J.i 

(il 

211 

·13 

45 

65 

57 

20 

70 

70 

26 

~·1 

61 

(il 

18 

AAC:TC:CC:CCTGAAAGTCCC(;CT 

TGTAAGAGCAACTCCATGTGGA 

TAGCAGCACAGAAATATTGGC 

TACC:TACTTTCATC:TTGTTC:GC: 

TAGGTAGTTTCCTGTTGTTGC:G 

TTC:AC:CACCTTCTCCACCCAGC 

CCCAC!TGTTCAC:ACTACCTC:TTC 

JICAC:TAGTCTC:CACATTGC:TTA 

C:CCACTC!TTTA(;ACTATCTC:TTC 

TC:TC:CAAATCTATGCAAAACTGA 

AGTTTTGCAGGTTTC:GATCCAGG 

TGTGCAAATCCATC:CAJIJIACTC:A 

CATCTTACTC:GGCAGCATTGGA 

TAATAC:TC:CCTGGTAATGATGA 

TAATACT(;('('C:GCTAATGATC:GA 

GTCAAATC:TTTAGGACCACTAG 

TTCC:CTTTGTGATCC:TJITGCCT 

TGGAATCTAAGGAAGTGTGTC:G 

TAAAGTCCTTATAGTGCJIC:GTJIG 

AGTGC:ATBTGAGCACTTAAAG 

CAAAGTOCTCATAC:TGCAGGTAG 

JICTGTAGTATGGGCACTTC:CAG 

TAC:CTTATCAOACTGATGTTGA 

CAACACCAGTCGATGGGCTGT 

CTGTGCGTGTGAGAGGGGCTGA 

TTGGGGAAACGGCCGGTGAGTG 

CATCAGAATTCATGGAGGCTAG 

AGCTTCCATGACTGCTGATGGA 

TJIACAGTCTCCAGTCJICGGCC 

AGAGCAGGCACAGACAGGCJIGT 

ATGAGC:TATGAATTGAGAGAG 

TAGTGCATCAGGAAGTGATTGGA 

AGACTTCAC:TCTGC:JICGTCCCG 

AC:AJITTGTGOCTGGACATC:TGT 

TC:ATTC:TCCAAACGCAATTCT 

68 

16 

29 

~8 

R~ 

222 

:!7 

2fJ.Ifi8 

·II 

2117 

21 

30955 

30 

60 

54 

97 

10 

II 

71 

16 

98 

137 

152 

222 

~1 

20168 

11'>18 

50 

207 

13 

II 

207 

21 

49979 

98 

60 

483 

97 

10 

17 

78 

17 

71 

10 

hs.·HniR-19:lb 

hsa-miR-194 

hsn-miR-1 95 

hsa-miR-19Gn 

hsn-miR-196b 

lum.-miR-197 

h~a-miR.-199rh!)p 

h~a-miR-199a.-3p 

hsn-miR-199h-5p 

h~n-miR-l!Jn 

hsa-miR-19h-I* 

hsa-miR-19b 

hsa-miR.-200b* 

lJsa-miR-200h 

hsa-miR-200o 

hsa-miR-20:J 

hsa-miR-201 

hsn-miR.-206 

hsa-miR-20a 

hsa.-miR-20a* 

hsa-miR-20b 

hsa-miR-20b* 

hsa.-miR-21 

bsa-miR-21 * 

hsa.-miR-210 

hsa-miR-2110 

hsa-miR-21 15* 

hsar-miR-2115 

hsa.-miR-212 

hsn-miR-214 

hsa.-miR-215 

hsa-miR-217 

hsa-miR-219-1-:Jp 

hsa-miR-219-2-:lp 

hsa-miR-219-fip 

yes 

yes 

No 

No 

No 

yes 

yt>s 

yes 

No 

No 

yes 

.Y<'S 

No 

No 

yes 

yes 

yes 

)'f.'S 

yes 

yes 

No 

No 

No 

yes 

No 

yes 

yes 

No 

yes 

No 

No 

~0 

yes 

No 



reml~nnme ~- Reference 

·1()."',.22.11-i(i;~ hsH-JTTir-22 

G1.2~.279fi:l hsn-mir-221 

~18.22.HG:1 hsn-mir-221 

12~9.> 1.22.1 

~9.2Vil1~6 

22%6.22.1-1 

~7:1601.21.1 

112-117.21.3 hs.-mir-2277 

5009.21.RR hsa-mir-235;""> 

:l116.22.R7 hsa-nlir-230.1 

118.21.11160 hsn-mir-23a 

29(i5.22.H>o hsa-mir-23n 

2108.21.252 hsn-mir·2~b 

9024.22.41 hsa-mir-2:lb 

8:1.22.19599 hs.'l-mir-2<1-2 

29.22.70760 hsa·mir·25 

652.21.1210 hsa·mir·25 

26.22.80!}:}6 h~a·mir·2Ga·1 

3770fl.22.8 h~I'Hilir-2Gn·l 

:l99f>R8.22.1 hsa-mir-2();~-2 

:IOR.21.:HO!l hsa-mir-20h 

-10190fi.22.1 hsn-mir-2Cih 

Wl2.21.:llll h:-;a-mir-27a 

702-1.22..-,•) h!'n-nTir-27a 

121Il.2Ll1D hsn-mir-27h 

hsrHnir-271, 

:tnn:uJTl hsa-ntir-2~ 

hsa--mir-2i; 

1~82fi7.21.2 hsn-mir-2!16 

1189%.22.:1 hsa-mir-299 

272fi72.22.2 hsn-Tnir-299 

27.22.8070R hsn-mir-29n 

876.2:l. 7~1 hsa-mir-29b-1 

16181.21.21 hssHnir-29h-1 

222024.22.2 hsa-mir-29h-2 

177.22.fifi91 hsa-mir-2!k 

fiRR89.22.:l hsn-mir-2~k 

!1797.22.10 hl'a-mir-:loa 

IG121.22.21 

APPENDIX A. LIST OF RESULTS 

--------------------------,-----------,-----------,-------,,----------. 
Po~ltion l.o;;omiRs 

.;2 i\AGC:TC:IX'AGTTGAACAACTCT 

1-1 AC:TTCTTCACTCCCAACCTTTA 

61 AGCTACATTGTGTCCTGGGTTTC 

21 ACCTGC:CATACAATCTACATTT 

68 ACCTACATCTGGCTACTGC:C:T 

~0 

67 

25 

17 

10 

53 

14 

57 

19 

49 

51 

13 

1R 

7)1 

11 

J(; 

.·)n 

(j() 

I~ 

~8 

11 

if) 

:;o 

·19 

46 

CTCAGTAC:CCAGTC:TAGATCCT 

TC:TCAGTTTC:TCAAATACCCCA 

CGTGTATTTGACAAGCTC:AGTT 

CAAC:TCACTAC:TC:GTTCCGTT 

AC:CGCC:GC:CTGAC:CC:CTC:CCAGTC 

ATCCCCAGATACAATGC:ACAA 

ATTC:TCCTTGCTC:TTTC:GAC:AT 

ATCACATTGCCAC:GC:ATTTCC 

GC:GGTTCCTGGGGATC:GGATTT 

ATCACATTGCCAGGGATTACC 

TGGC:TTCCTC:GCATC:CTC:ATTT 

TGGCTCAGTTCAGCAGGAACAG 

CATTGCACTTC:TCTCGGTCTGA 

AC:C:CC:GAC:ACTTC:C:C:CAATTG 

TTCAAGTAATCCAGGATAGGCT 

CCTATTCTTGGTTACTTGCACG 

CCTATTCTTGATTACTTGTTTC 

TTCAAGTAATTCACGATACC:T 

CCTCTH'H"C:ATTAC'TTCCCTC' 

TTCACAC:T(;(;('TAAC:TTCCC:C 

ACCCC'TTACC'TCC'TTC:TC:I\CCA 

TTC:AC'AC!TCCC:TAAGTTCH:C 

ACACC'TTACC'TGATTCCTCA M" 

CACTACATH:TC:ACCTCCH:GA 

AAGGAC:C'H'ACAGTCTATTGAC: 

AGGGCCCCCCCTC' AATCCTC:T 

TATGTGGGATGGTAAACCCCTT 

TGGTTTACCCTCCCACATACAT 

TAC:CACCATCTGAAATCCCTTA 

TAGCACCATTTGAAATCAGTGTT 

GCTC:C:TTTCATATC:C:TGC:TTTAGA 

CTGC:TTTCACATGC:TGCCTTAC: 

TAC:CI\CCATTTCAAATCC:CTTA 

TC:ACCGATTTCTCCTC:C:TGTTC 

CAGTCC'AATI\GTATTGTCAAAGC 

TCAACAAI\ATCACTGATC:CTGC:A 

GATATCAC:CTC:AC:TAGGCACCG 

TGTAAACATCCTCCACTGC:AAG 

CTTTCAGTCC:C:ATC:TTTC:CAC:C 

matching-abundance highest-abunrlance 

186~ 18fi3 

279.>~ 2795~ 

8fi3 86~ 

1126 2685 

51436 55380 

14 439 

349 

16 

88 518 

87 87 

11160 21009 

165 165 

252 538 

44 44 

19599 19599 

70760 70760 

1210 2669 

80956 80956 

7217 

289~ 

1i!9 

:107:1 1019 

159 159 

80708 80708 

781 781 

21 21 

](j 

{)()91 fi691 

~7 

18 

72818 

124 

21 21 

69 

mature match-with-highest 

hsa--miR·22 

hsn-miR-221 yc:; 

hsfHlliR-221 * YC'! 

hso·miR-222 No 

hsa-miR-222* No 

hsa-miR-223 No 

hsa-miR-223* No 

hsa-miR-224 No 

hsa-miR-2277-5p No 

hsa-miR-2355-&p No 

hsa-miR-2355-3p yes 

hsa-miR-23a No 

yes 

No 

yc:; 

hsa-miR-24 yc:; 

yes 

hsa--miR-25* No 

hsa-miR-26a yes 

hsa-miR-26a-l * yc:; 

hsn-miR-26n.-2* No 

hsn-miR-26h No 

hsa-miR-26ll* No 

hsa-miR-27a ;\To 

lnm-miR-27R* 

hsn-nliR-27b 

lu.;n-miR-27b* No 

hsn-miR-28-:lp No 

hsa-miR-28-5p yes 

hsn-miR-29fi..:ip No 

hsa-miR-299-3p yes 

hsa-miR-299-5p No 

hsn-miR-29a yes 

hsn-miR-29b yc:; 

hsa.-miR-291>-1* yc:; 

hsa-miR-29b-2* No 

hsa-miR-29c. 

No 

lum-miR-301a No 

hsa-miR-306.1-5p No 

hsn-miR-3074 No 

No 

hsn-miR-:'lOa* yes 



rearl-name Reference Position 

1~09.22.171i 

86102.22.1 

151~.2:1.~88 hsa-mir-~Oc-1 

2300•1.22.11 hsa.-mir-3(k-1 

r.s1.22.1119 

1~1916.22.:1 

(i(ifl.22.11.~3 

22X0.22.229 

1X00.2U12 

1'>111.;.22.~ 

'>007.21.S9 

11i1fi.22.2·1 

hsn-mir-30'1 

hsa-mir-:10d 

hsa-mir-3CU• 

h:--..·Hnir-3fH· 

il."<~-111ir-:t I 

hsa-mir-~tl 

h:-:.-'l-mir<~J2fl 

hsn-mir-3121 

2:""11!)07.22.2 hs..1.-mir-:H22 

IO:l08.21.8 hsn-mir-~ 121 

~fi09~i.2~.1 

'i~7828.2~.I 

1909.2!.91 

46152.21.7 

II ~069.22.~ 

8792~.1!1.1 

hsa..Jnir-:1127 

hsfHnir-3128 

IJs.'l-mir-:lJ:~0-1 

1Js.-'l-mir-~il38 

hsa-mir-3140 

hsn-mir-3111 

zn:t231 .22.2 hsa-mir-:St4G 

](102~2.2~.1 hsa-mir-~ 119 

9:158.21.12 hsn-mir-3150h 

•!n(l775.21.1 hsn-mir-31-~1 

19110.22.17 hsa-mir-31.:;1 

I2:ll91.21.3 hsa-mir-3!5.5 

9160!i.22.1 hsa-mir-~159 

:!28712.22.1 hsa-mir-~lf>0-1 

85792.2:!.1 

7118.22.56 

:!o2:JR5.22.I 

1Hil7~.22.1 

hsn.-mir-3161 

hsn-mir-:H61 

hs.'l-mir-:ltlif> 

hsa-mir-317ri 

51"177.22 . .1 hsa-mir-:l17!J-1 

1:\721)().22.:1 hsa-mir-:l1R:l 

'I•HJ:l70.21.a hsn-rnir-:ltRG 

401!l0.2:U~ hs;·Hnir-:1190 

li)!)79:t2:t:J hM·lnir-:1191 

:\;)2t16.2:t!) hsa-mir-:11!12 

:U~!1!10.22.R hsa-mir-:ll!lR 

·1;):lR2.22. 7 hsa-mir-:J2 

1!1R(ifiR22.2 hs:1-mir-:l2 

22112.22.11 

:m;on.22.1 

hsa-mir-:l200 

h~a-mir-:\200 

2Wtl71.22.2 hsa·JJiir-:l202-l 

1 :t.22.11R!'I.·, 7 hSJHllir-:l20n 

:\1 

16 

.>5 

:m 

I(; 

!0 

.j~ 

19 

.>O 

53 

51 

!)1 

!12 

16 

1.} 

,1() 

12 

:;:J 

:17 

lsomiRs 

TGTAAACATCCTACACTCAGCT 

CTGGGAGGTGGATGTTTACTTC 

TGTAAACATCCTACACTCTCAGC 

CTGGGAGAC:GGTTGTTTACTCC 

TGTAAACATCCCCGACTGGAAG 

CTTTCAC:TCAGATGTTTGCTGC 

C'TTTC'AGTC'GGATGTTTACAGC 

TC:TAAM'ATf'C'TTC:Ac:TGGAAG 

AC:r:r·/\,\(:1\TC:CTC:C:CATAC:C'T 

TGCTATGC:CAACIITIITTC:CCAT 

C'II('AGcMC:TGTAC:AC'AGC:C'A 

TAAATAGAC:TAC:C:CIIAAGC:ACA 

C:TTGC:C:ACAAC:!IC:C:IICC:C:TCTT 

TTCGC'CC:GC'GAIIGGCAAAGTC 

ATCAGGC:CTTGTGC:IIATGC:GIIAG 

TCTC:GCAAGTAAAAAACTCTCAT 

GCTC:CACCGG!IGACTC:GGTAA 

TGTGGACAGTGAGGTAGIIGGG!IGT 

AGCTTTTGGGAATTGAGGTAGT 

GAGGC:CGC:GTGC:AC:GAGG/1 

CATGCTAGC:ATAGAAAGAATGG 

TTTC:T.~TC:C:ATATGTGTC:TGTAT 

TGIIC:G!IGIITCGTCGIIGGTTGG 

GC:TGGGGCAATGGGATCAGGT 

CAGAAGGC:GAGTTGGG!IGCAG/1 

CC!IGGCTCTGCAGTGGGIIACT 

TAC:GATTACAAGTGTCGGCCAC 

AGAGCTGAGACTAGAAAGCCCA 

CTGATAAGAACAGAGGCCCAGAT 

TC:TC:Af~TTAAGC:GAAATGGCC: 

AGGTGC:ATC:CAATGTGACCTCA 

CGC:C:C:M:AGAACGC:AGTGACGT 

AGAAGC:GC:TC:AAATTTAAACGT 

r:CCTCT(~C'GGAC:TCGCTCGGA 

TCACGCC:r:AGAC:ATC:C:C:TTTG 

TGTGC:AAGC:TAC:ACGGCCAC:AGA 

TGGC:r:ACCTAGCTGGCCACACAG 

TCTGGGAGC:TTGT/\f:CIICTGC:AA 

C:TC:r:/\C:TCCTGC:GGIIATGC:IIC:A 

TATTC:CACATTIICTAAC:TTC:CA 

CIIATTTAC:TC:TC:Tr:TC:ATATTT 

AATCTC:ACAAC:Gcr:cACAAGr:T 

('Af'f'TTC:C'C:CTACTC'Af:r:rcrr; 

TGCIIIICC:f:AGAIIC:Af:r'TTTIIIIT 

IIAAAC:CTCC:C:TTGIIGIIC:C:C:CGII 

APPENDIX A. LIST OF RESULTS 

matching .. abundance highest-abundance 

70 

475 475 

388 

14 

1149 

1103 

229 

:112 

R9 

21 

91 

12 

17 

56 

14 

51 

1%7 

166 

14156 

~556 

1~9~ 

~77 

89 

24 

91 

57 

37 

13 

28 

42 

22 

34 

13 

56 

11 

18 

39 

26 

:JO 

17 

mature 

h:;a-miR-30b 

hsa-miR-30b* 

hsa-miR-30c 

hS~VmiR--30c-1* 

hsa-miR-30d 

hsa-miR-30d* 

hsa-miR-:lfk-* 

hsa.-miR-:'ifh~ 

hsn-m1R-:'i1 

hsa.-miR-31* 

hon-miR-3120 

hsa.-miR-:'i121 

hsa-miR.-3122 

hon-miR-~121 

hsn-miR-:1127 

hsfl.-miR.-3128 

hs..'l-miR.-31~3p 

hs~VmiR-3138 

hsa.-miR-3140 

hsn-miR-:Htll 

hsa.-miR-3146 

hsn-miR-3149 

hsa-miR~3150h 

hsa-miR-3151 

hsa-miR-3154 

hsa-miR-3155 

hsa-miR-3159 

hsa-miR-3160 

hsa-rniR-3161 

hsa-miR-3lf>4 

hsn-miR-31!;.> 

hsa-miR-:1175 

hsa-miR-3179 

hsn-miR-3183 

hsa-miR-318f>-3p 

hsn-miR-3190 

hsa-miR~:n 91 

IJs.•·miR-:1192 

hsa-miR-:119R 

hsa-miR-:12 

hsn·miR~32* 

hsa~min~:l200-5p 

hsa-min-:J200~:~p 

hsa.-miR-:1202 

hsn.-miR~:l20a 

match-with-highest 

yes 

No 

No 

No 

No 

No 

No 

No 

No 

)'f'S 

.)'l'S 

No 

.}'Ni 

No 

No 

yes 

No 

No 

No 

No 

No 

yes 

yes 

No 

yes 

No 

yes 

No 

yes 

yes 

Y"" 

yes 

No 

No 

No 

yrn 

yrn 

No 

No 

No 

No 

,ves 

No 

:vcs 



read-name Reference Position 

1fi7.22.1917 h:-;a-mir-320h-2 71 

7541.20.54 hsa-mir-320c-2 :JO 

16718.19.20 hsa-mir-32(~1-2 29 

2H02:l.21.12 hsa-mir-:12:1 50 

2!")02.23.202 hsa-mir-32,1 l!i 

1765R7.20.2 hsn-mir-321 il2 

8:1,117.20.1 hsa-mir-326 59 

!0345.22.37 hsa-mir-328 17 

2:1820.22.1:1 h"•·mir-:129-1 49 

r>:li.2:l. Hi02 hstHnir-:nn 06 

1197.2Ui30 hsa-mir-:t"ll GO 

·1<12:1. 2:1.102 hssHnir-:l:l!i 1!) 

:t2:H!'i.22.lfl hsa-mir-~3!} !ll 

1291\79.22.:1 

:10148.22.9 

2478.23.20o 

97Mi.2:J.•Ifl 

1201.21.!;28 

2fiG2~.20.12 

:124.22.:121 :1 

2G8.23.'1037 

2294.21.227 

1o8:I0.22.22 

G98i\2.22.i\ 

hsiHnir-:U7 

hsn-mir-:l:U~ 

hsrHnir-3!'l!l 

hsa-mir-a:m 

!Jsa-mir-:J:~a 

hsn-mir-:l:UJ 

hsrHnir-:HO 

h"a-mir-342 

hsa-mir-:142 

hs:Hllir-:H;; 

GIH1.2:t71 hsa-n1ir-:Hc 

13::H.23.J(U hsn-mir-:lGO!) 

371393.21.1 

21Ho.22.2<i:l 

hsa-nlir-3(i(l!1 

hsa-mir-:\GI 

22:H.23.2:H hsr~-mir-:WJ 

12:tt~1.22.:10 hl'fl-IIJir-:lflJ:J 

!i(H0!1.2:l.fi hs;\-mir-:lfilt1 

h~a-mir-:l615 

2!1005.22. JO hsn-mir-:'lfil7 

H.il-17.21.21 h~a-mir-:Ui2 

721R!l.22.'1 hsa-mir-:U12 

25:16.22.199 hsn-mir-:lfi:l 

177S67.2:1.2 hsa-mir-:HiH 

:l0Hl.22.1?lfi hsn-mir-:'JG.:l-2 

hsn-mir-:lfifi-2 

214206.1R.2 hs;t-mir-:Hi!'l2 

IGI!l02.22.2 hsn.-mir-:1(i(i7 

:JHi2Hi.22.1 hsa-mir-:JG67 

fi2:119.20.5 hsa-mir-3676 

GO 

41 

19 

14 

1-~ 

J:) 

(i() 

18 

17 

21 

12 

21 

.;n 

11 

J.-, 

:)2 

11 

61 

(17 

2X 

~4 

5!1 

lsomiR.s 

1\1\1\AGCTGGGTTGI\GAGGGCI\1\ 

1\AAAGCTGGGTTGAGI\GGGT 

1\1\AI\GCTGGGTTGAGAGGI\ 

CACATTACACGGTCGACCTCT 

GGCATCCGCTAGC:GCI\TTGGTGT 

1\CTGCCCCAGGTGCTGCTGG 

CCTCTGGGCCCTTCCTCCAG 

CTGGCCCTCTCTGCCCTTCCGT 

1\1\CI\CI\CCTGGTTAACCTCTTT 

GCAAAC:CAGI\CGGCCTGC:AGI\GI\ 

GCCC:C:TGGGCCTI\TCCTI\G/\1\ 

TC!I.~CIICCIIIITA/\C(:/\AIIAI\TCT 

TTTTTCIITTIITTC:CTCCTC!ICC 

CTCCTIITIITG/\TGCCTTTCTTC 

TCC/\(:C!ITCAGTG!ITTTTCTH: 

TG!IC:CC:CCTCGACGIICI\G!IGCCG 

TCCCTGTCCTCCAGGIIGCTCACG 

GTGCATTGTI\GTTGCI\TTGCA 

GTGCI\TTGCTGTTGCIITTGC 

TTIITAI\1\CCAI\TGI\GIICTGIITT 

TCTCAGIICIIGIIAIITCGC!ICCCGT 

1\(:CGGTCCTI\TCTGTGATTGA 

CCTCACTCCTI\GTCCIIGCGCTC 

TCGCAGTCTCTTIICCTGCTTGT 

!ICCCIICTGTAGTTIIGCTCIITTGC 

TCACGIITCGAT!IGCIIIIGG/11\CCC 

CMIIGTC!ITC!IGTIIIITIICTGGCTG 

TTIITC!IC,\IITCTCC!IG(:Cf:TAC' 

TCC('(.CACGTC:TCATTCTCIITTT 

TCTTCTI\("TTTTTTTTTTGTT(' 

TA(;(:CTTCACATCTTCCTGTTTT 

CC/\CTTCCI\TCTGI\1\GGCTGCCC 

TCTCTCGGCTCCTCGCCGCTC 

11111\GIICIITI\C:TTGC:II/\GIITGGG 

1\/\TCC:TTGCIIIICCTAGCTGTf:/\C:T 

AAGACIICCTIITTGI\1\GC:!ITTC:I\ 

A II TTGC:IIC:GGTI\TCC/1 TGTGT/1 

/\(:/1111\IITTTTTGT(:Tf:TC:TGIITC 

TIIIITGCCCCTI\111111/\TCC:TTI\T 

IIGGGIICTTTC:IIGGGGC/\GCTGT 

CGGCTC(:/\C:CTCTGIICGII 

1111/\C:IICCCIITTGI\C:G/\C:IIIIGGT 

IIC:CTTCCTCTCCIITC:GC:TCTTT 

CCGTGTTTCCCCCACGCTTT 

APPENDIX A. LIST OF RESULTS 

matching·abundance highest·abundance mature 

71 

1917 !922 hsa-miR-320b 

54 54 hsa-miR-320c 

20 20 hsa-miR-320d 

12 25 hsa-miR-323-3p 

202 202 hsa-miR·32~·5p 

30 hsa,.miR-324-3p 

152 hsa-miR-326 

37 37 hsa·miR-328 

1:1 13 hsn-miR-329 

1602 1602 hsa-miR-330-:Ip 

5:10 530 hsn-miR.-331-:'Jp 

102 108 hsa-miR-:13:; 

HI 10 hsa-miR-335* 

2(1.) 

~0 

528 

12 

:l2J:l 

4037 

227 

22 

71 

2fi~ 

234 

:If) 

199 

111 

21 

HJ9 

156 

242 

226 

60 

528 

12 

:1213 

1037 

624 

107 

71 

123 

2~·1 

:lO 

1011 

116 

10 

21 

713 

23 

156 

18 

189 

hsn--miR-3:n-:lp 

hsa-miR-338-3p 

hsn.-miR-3:19-:'Jp 

hsa-miR-3:J9-5p 

hsn-miR-3:la 

hsa-miR-3..1b 

hsn-miR-310 

IJsa-miR-312-3p 

hsa-miR-342-5p 

hsa-miR-345 

hsa-miR.-31a 

hsa·miR.·:Hc-5p 

IJsa-miR-360:i-5p 

hsa-miR-3G09 

hsa-miR-:361-!}p 

hsn-miR-361-3p 

lnm-mil1<Jfi13-5p 

hsa-miR-!1614-:lp 

hsn-miR-;'J611-fip 

hsa-miR-3615 

hsn-miR·:l617 

hsa-miR-362-5p 

hsa-miR-:162-:lp 

hsa-miR-3f>.3 

hsa-miR-3M7-:Jp 

hsa-miR-365 

hsa-miR-365* 

hsa-miR-:JH52 

hsa·miR-3667-5p 

hsa-miR-~fJ(j7 -3p 

hsn-miR-:!676 

match-with-highest 

No 

yes 

yes 

No 

yes 

No 

No 

yes 

yes 

Y<'S 

yes 

No 

yes 

No 

No 

No 

No 

yes 

y('S 

)'("S 

yes 

No 

No 

No 

No 

yes 

No 

yes 

yes 

No 

No 

No 

j"f.'S 

Yf'S 

Y('S 

No 

No 

yes 

No 

yes 

No 

No 

No 



rend-nmne Reference Por-;ition 

:~R027.22 . .1\ hsll-mir-:lfi77 :lR 

J:lR!l2.2:l.20 hsa-mir-:167!1 

2060.21. HJ7 hf;n-mir-:um -1:1 

002.23.7£)!1 hsn-mir-:1690 

137R0.22.26 hsrHnir-:l70 17 

Ja12.22.'1Tlfl hsa-mir-37,1a 11 

:l1!1R.22.Hfl hs~-mir-:H1a II 

709.22.1070 hsil-mir-:rith 10 

x:n1.22.'1R h~il-mir-:H·Jb Ill 

10111.22.X h"a-mir-.17.-l 

l!l:tJ1fi.21.2 hsl'l-mir-:!/fil'l-1 

60:1.1)!1.22 .. ) ils:Hnir-:l7fib 

I0729.21.;1."i 

·1221:i.22.7 

!'iR726.22 .. ') 

IS7.21.6211 

1251.,0.22.1 

fi7!11.2Ui2 

o21027.22.1 

1030.22.616 

IJ<:tl-mir-;176c 

hsn-mir-;!77 

h~n-1nir-:177 

hf':Hnir-;J7.'! 

hsa-mir-378 

hs;.Hnir-379 

hsa-mir-:U~l 

hsa-mir-382 

a5659.22.H hsa-mir-390H 

-1.00H.'l.20.7 hsa-mir-3910-2 

1!)7156.22.:1 h~n-mir-:J~H I 

5092·1.22J) hjo;a-mir-:wt:i-1 

:1~)!10.26, 116 h~1Hnir-:l~JI6 

J71:J2R.21.2 hs:-~-mir-391H 

:,8187.22.5 hsa-mir-3!120 

2<1712.22.13 hsa-mir·:l92S 

21999.22.1:1 hsa·mir-3934 

7026.2:1.59 hsa-mir-'1.09 

7-17.5.22Ji5 hsa-mir-409 

2826.21.17.1 hsa-mir-410 

39339.2l.R lu:a-mir-411 

7226.23.57 hsa-mir-421 

12.2:ttr,z;,:l5 lum-mir-1123 

1,17.23.1966 lum-mir-12:1 

I ·17:1.22.-102 hs;.'l-mir-·12·1 

217t,.2J.2f);'", hs;.'l-fllir-•12·1 

~02.2:\.~!)f) hs;.'l-mir-·12.; 

70:10.22.0~) h!'a-mir-·12.:') 

;:..-,7fl<1!J.17.l 

101fi3.2J.:]7 

:JR2RI0.22.1 

2007.2:1.271 

1816.22.:110 

h!'H-mir-·1:106 

h~<~-mir-·1:11 

hs;Hnir-rl:IJ 

hsl'\-mir-•1:12 

hsl'l-mir-,1:1:1 

48 

10 

70 

19 

II 

22 

19 

IR 

36 

24 

11 

16 

49 

IH 

ID 

fi2 

13 

fi:l 

IsomiR.s 

CTCGTGGGCTCTG(;CCACGGCC 

TGAGGATATOGCAGGGAAGGGGA 

AATAATACATGGTT(;ATCTTT 

ACCTGGACCCAGCGTAGACAAA(; 

c;ccn;crc;c;c;c;rc:c;AACCTGGT 

CTTATCAGATTGTATT(;TAATT 

TT,\TAATACAACCTGATAAGTG 

ATATAATACAAC:CTGCTAAGTG 

c:rrAc;r·,\(;(;TTGTATT,\TCt\TT 

rrrr;rrr:r;rrcc;r;crc(;r·c;rr;,, 

ATCATACM;GAAAATCC,\('GT 

ATCi\TA(;A(;(;,\AAATCCAH;TT 

AACATA(;)\(;(;AAATTCCACGT 

ATCACACAAAGGCAACTTTT(;T 

AGA(;c;rrc;cccTTGGTC;AATTC 

ACTGGACTTGGAC;TCAGAAGG 

CTCCTGACTCCAGGTCCTGTGT 

TGGTAGACTATGGAACGTAGG 

TATACAAGGGCAAGCTCTCTGT 

GAAGTTGTTCGTGGTGGATTCG 

TGTCCTCTAGGGCCTGCAGTCT 

AAAC;(;CATAAAACCAAGACA 

TGTGTGGATCCTGGAG(;AGGCA 

. TTTG(;(;ACTGATCTTGATGTCT 

AAGAGGAAGAAATGGCTGGTTCTCAG 

ACAGGGCCGCAGATGGAGACT 

ACTGATTATCTTAACTCTCTGA 

GGAGGAACCTTGGAGCTTCGGC 

TCAGGTGTGGAAACTGAGGCAG 

AGGTTACCCGAGCAACTTTGCAT 

GAATGTTGCTCGGTGAACCCCT 

AATATAACACAGATGGCCTGT 

TAGTAGACCGTATAGCGTACG 

ATCAACAGACATTAATTGGGCGC 

TGAGGGGCAGAGAGCGAGACTTT 

AGCTCGGTCTGAGGCCCCTCAGT 

CAGCA<;CAATTCATGTTTTGAA 

CAAAACGTGAGGCGCTGCTAT 

AATGACACC;ATCACTCCC:GTTGA 

Arn;c;c;AAn;n;c;n;rccc;ccc 

T(;(;,\(;A(;AAA(;(;CAGTA 

TGTCTT(;CAGC;Cc(;TCATGCA 

CAGc;rn;rcTrc;cAc;c;c;crrcr 

TCTTGGAGT,\GGTCATTGGGTGG 

ATCATGATGGGCTCCTC:GGTGT 

APPENDIX A. LIST OF RESULTS 

mntching-nbnndnnce highest-abundance mature match-with-highest 

72 

17 hsa-miR-3677 No 

26 33 hsa-miR-3679-5p No 

197 197 hsa-miR-369-:lp yes 

701 70<1 lum-miR-3690 yes 

26 185 lum.-miR-370 No 

4;)6 4.16 hsa-miR-:)7.-ta* yes 

11!l 2111 hs"'-miR-:174a No 

1070 1070 hs"·miR-37•1h yes 

1~ 4~ hsa-miH-:H1h* Yffi 

6211 

62 

646 

116 

13 

13 

59 

175 

57 

152535 

1966 

102 

205 

R!lO 

59 

37 

271 

310 

11217 

21 

62 

21 

646 

11 

23 

10 

116 

14 

28 

59 

86 

17., 

184 

1525.15 

1966 

2151 

205 

8!10 

519 

27 

37 

514 

310 

hsa-miR-37.5 

hsl'l-miH-:17fia 

hsa-miR-376h 

lum-miR-:176c 

hsa-miR-377 

hsn-miR-377* 

hsa-miR-:178 

hsa-miR.-378* 

hsa-miR.-379 

hsa-miR.-381 

hsa-miR-382 

hsa-rniR-:1909 

hsa-miR-3910 

hsa-miR-3911 

hsa-miR.-3913 

hsa-miR-3916 

hsa-miR-3918 

hsa-miR-3920 

hsa·miR-3928 

hsa·miR-3931 

hsa-miR-409-5p 

hsa·miR-409-3p 

hsa-miR.-410 

hsa-miR-411 

hsa-miR-421 

hsa-miR-423-5p 

hsa-miR-423-3p 

hsa-miR-424 

hsa-miR-424* 

hsa-miR-425 

lum-miRA25* 

hsa-miR--1306 

hsa-miR-431 

hsa-miR-431 * 

hsa-miR-432 

hsa-miR-433 

yes 

No 

No 

yes 

y~ 

yes 

No 

No 

yes 

No 

yes 

No 

No 

No 

yes 

yes 

yes 

yes 

No 

No 

yes 

No 

yes 

yes 

No 

yes 

yes 

No 

yes 

yes 

No 

No 

yes 

No 

No 

yes 



read~name Reference Position 

295...18.22.11 h:;a-mir-tJ;;On-2 22 

tl6801.22.7 lum-mir-t150b 10 

230.22.172:\ hsa-mir-151 Hi 

23814.22.l~i hs:-Hnir-'152 13 

2991i.22.1fl h>a-mir-~:;4 2:1 

2.16170.2;tz hs:rmir-4:Jt1 Ga 

o1V2.22.RG hsa-mir-.JR~ 

141l.1:t22.25 hsa-mir-4f':;) 

11720.22.21 hsa-mir-185 45 

~37.22.:l029 

5511.21.80 

-17553.22.6 

4937.22.90 

79144.22.4 

2226~8.22.2 

hsfl.-mir-48(i 

hsa-mir-48(i 

hsa-mir-487a 

hsa-mir-487b 

hs<Hnir-491 

hsa-mir-491 

10011.22.:1!1 hsn-ulir-49:1 

26:1216.22.2 hsn-mir-4!1:J 

29105.22.11 hsa-mir-194 

7R2.22.!l20 hsn-mir-·1!)!", 

!171!):1.22.'1 hsn-mir-19fi 

2~ng:J.21.11 hsn-mir-497 

21'121.21.17G h!-.~Hnir-·19!1 

:U!!J1.22.~ hsa-mir-.100a 

:l·1Rf'i.22.~0 hs:-Hnir-001 

:102fi7K22.1 hsa-mir-501 

'11:J0.22.10!) hs;Hnir-il02 

1:U•ti1.2:~.2(i hsn-mir-Gfl:l 

121.=)1.22.29 hsfHUir-50·1 

1()1)9,22.97 h!'a-mir-:)0;) 

1!H!1fi.22.1i hs:~-mir-f,C);'l 

2Gfi79S.22.2 hsa-mir-fl{l9-2 

67()90.22.;, h~a-mir-509-3 

57~964.22.1 

682.22.1127 

1~67.22.297 

101631.2f>.~ 

9H00.22.10 

3970.22.115 

hsa-mir-i'>l3c: 

hsa.-mir-5:12 

h!'a-mir-532 

hsa-mir-541 

hsa-mir-512 

hsa-mir-513 

119681.22.:! h'a-mir-!i48a-:! 

1610;Ut22.2 hsa-mir-r'it18a-:l 

:J:,n;)4.22.FI hsa-mir-:>48c 

16Hl.:>·1.22.2 h~a-mir-!l·1Rd-1 

1!)7267.22.2 hsn-mir-a1.Sd- J 

45 

48 

50 

15 

49 

15 

!)() 

4i 

19 

12 

J.l 

56 

52 

16 

60 

2~ 

21 

21 

f>O 

IsomiRs 

TTTTGCGATGTGTTCCTAATAT 

TTTTGCAATATGTTCCTGAATA 

AAACCGTTACCATTACTGAGTT 

AAC~GTTTGCAGAGGAAACTGA 

ACCG"TATCAATATTGTCTCTGC 

TAGTGCAATATTGCTTATAGGGT 

TCAC:C:CTCAGTCCCCTCCCGAT 

AGAGGCTGGCCGTGATGAATTC 

GTCATACACGGCTCTCCTCTCT 

TCCTGTACTGAGCTGCCCCGAG 

CGGGGCAGCTCAGTACAGGAT 

AATCATACAGGGACATCCAGTT 

AATCGTACAGGGTCATCCACTT 

AGTGGGGAACCCTTCCATGAGG 

CTTATGCAAGATTCCCTTCTAC 

TTGTACATGGTAGGCTTTCATT 

TC:AAC:C:TCTACTGTGTGCCAC:G 

TGAAACATAC:AC:GGGAAAC:C:TC: 

AAACAAACATGGTGC:AC:TTCTT 

TGAC:TATTAC'ATGGCCAATC:TC 

CACCACCIICAC"TCTCC:TTTC:T 

TT/\IICIICTTCCAC:TGIITC:TTT 

1\TCCM'CTC:C:(:CAIIC:GATTCTC: 

AIITC:CACCCCCCCAIICCATTCT 

AATCCTTTCTCCCTCCCTC:ACA 

Ai\Tf:C'ACCTGCGC'AACCATTCA 

TACCACC'C:CX:AACM:TTCTCCAC: 

.~C:AC'CCTCGTCTCCIIC:TCTATC 

GC:CM:CCIIC:GAAGTATTC:ATC:T 

('C:TCAACACTT(:C"TC:C:TTTCCT 

TC:ATTGC:TACCTCTCTGCC:TIIC: 

TIICTGCIIC:IICCTGC:CIIIITCIITC: 

TTCT()!I!IGG!ICGTGT()C:TTTIIT 

CATC()()TTGIIGTCTIICCAC()CT 

CCTCCCAC/\CC()/1/\GGCTTGCA 

IIAAGGATTCTGCTGTCGGTCCCACT 

TGTGA()AGATTGATAACTGAAA 

AIIACATTCGCGGTGCACTTCTT 

CAAIIACTGGCAATTACTTTTGC 

AAIIIIGTIIATTGCGIIGTTTTA()C 

AIIAAGTAATTGCGGTTTTTGCC 

AIIAAGT/1/\TTC:TGC:TTTTTC:nC 

CAA/\AACC/\()1\C:TTTCTTTTC:() 

APPENDIX A. LIST OF RESULTS 

matching~ahundance highest-abundance 

73 

11 11 

16 

4723 8415 

13 61 

10 10 

19 

86 86 

25 28 

24 24 

3029 

80 

90 

II 

no 

11 

17fi 

1{)!) 

2fi 

2!) 

97 

17 

1127 

297 

10 

115 

3029 

1164 

15 

9(1 

15 

39 

215 

llf>6 

12 

176 

1R.1 

80 

109 

290 

82 

259 

21 

1127 

297 

6 

40 

115 

13 

111 

mature match .. with .. highest 

hsa.-miR-4..10a yes 

hsa-miR-4iiOh-5p No 

hsa-miR-451 No 

hsa-miR-1.'12 No 

hsn-miR-454* yes 

hsa-miR-4..14 No 

h~a-miR-481 yes 

hsa-miR-485-Sp ~o 

hsa-miR-485-3p yes 

le>a-miR-486-Sp 

hsa-miR-486-3p 

hsa-miR~487a 

hsa.-miR-487b 

hsa.miR-491-Sp 

hsa-miR-491-3p 

hsa-miR.-493• 

hsn-miR-49:1 

hsa.-miR.-494 

hsa.-miR-49!l 

hsn-miR.-49() 

hsa-miR-i197 

hsa-miR-499-5p 

lnm-miR.-!">OOn.• 

hsa-miR-i:tOJ-:Jp 

hsa-miR-:.01-r'ip 

hsa-miR-ii02-:!p 

hsn.-miR-!'>fl:~ 

hsa-miR-S01 

hsa-miR-r>05* 

h!'a-miR-f>05 

l!sn-miR-509-3p 

hsa-miR-509-3-5p 

hsa-miR-513c 

hsa-miR-,I!J..'l2-5p 

hsa-miR-5.12-3p 

hsa-rniR-541 * 

hsa-miR·542·3p 

hsa-miR-543 

hsa-miR-548a-3p 

hsa-miR-548a-..1p 

hsa-miR-f>48c-5p 

hsn-miR-548d-5p 

hsa.-miR-548d-3p 

yes 

No 

No 

Y'" 
No 

yes 

yes 

No 

No 

No 

No 

No 

)'f'S 

No 

No 

No 

No 

yes 

yes 

yes 

yes 

yes 

No 

yes 

yes 

No 

yes 

No 

No 

No 



reaci-name Reference 

H2:i.22.7:lri hsa-n1ir-;, 1f-il' 

fiiG.22.1:l'ln hs.1--mir-?d$j 

}1)S9.22.:4!H hsa-mir-!l·IRk 

I,HJ:l:l.22.2;{ hsa-mir-!1181 

2'12:~8.22.1:1 hs1Hnir-.=i·18n 

9 !00.22.-J;{ hsa-mir-:}41\o 

12901.21.2~ hs:Hnir-:l·1~t 

21-1G2.2:~.l:J hs.1--mir-r>·1n 

2:i:Ul!l.22.1 :1 hs: .. mir--l!lOa-1 

!)2:{27.21.6 hs:Hnir-:lilln 

:\HS.22.12~ h~'·mir-ii7·1 

()911G.2:Ul hslHllir-571 

41!17.22.109 hsn-mir-57Ci 

;)fi17.22.78 hs.1--mir-576 

25-1.947.21.2 hsn.-mir-577 

!):)!):Ut2:Ul hsa-mir-fl82 

147080.22.3 hs..'l-mir-582 

1:3135.22.2fl hsa-mir-58tJ 

1481G.22.21 hsn-mir-589 

17265.21.20 hsn-mir-.189 

H:~:'l9.22AR hs..··Hnir-.190 

(1;?;()2.21.0 

n7~.22.112n 

~.;nRr •. 2:tx 

11Rfi77.2V 

fil~l.22.70 

211~1.21.n 

!llfi(i.22Al 

t):l;):ltJR-21.1 

1!120.21.287 

t'i~H95.2;2.6 

1 HD27.2o.~ 

h~'l-mir-090 

hsn-mir-5!1R 

hsn-mir-fil~ 

h"Wt-mir-fi21 

hsa-mir-G2:i 

h~'l-mir-(i2:1 

hsn-1nir-62R 

hsn-mir-fi2R 

hsll-mir-fi2!1 

IJsa-mir-629 

hsa-mir-6:l8 

161897.21.2 hsa-mir-611 

1!1!>!)10.22.1 hsa-mir-642a 

;J2fii20.22.1 hs.'H11ir-642h 

az:tJ3.22.lfl h!'<Hllir-Gfil 

!10.)!',.21 .·l:l hsa-nlir-G!•2 

'•11111.22.6 

]!',fi27!'1.22.:l 

:\7fl81.22.R 

:\112:126.21.1 

,1:,:n.22.nn 

47r;r;.nn.1 

7!J()0.21.:11 

h~n-mir-6!',,1 

hsa-u1ir-G.-,;1 

hs.'l-mir-fi.-J(i 

h!'<klllir-(i(iO 

h!'<l-mir-Cifi'l 

ils.'l-lllir-fi(i,l 

Position 

.)2 

28 

:n 

11 

•lR 

GO 

GO 

GO 

2~ 

15 

54 

1!) 

1!) 

;)2 

15 

2:1 

GO 

10 

GO 

j;} 

J:) 

;)) 

1-1 

n 
(i() 

21 

60 

15 

IS 

1!) 

1!> 

(iO 

!){) 

].) 

flO 

]!) 

I~ 

10 

lfmmiRR 

I\I\1\1\I\('T(;I\GI\CTI\CTTTTGCI\ 

1\AAM:Ti\1\TTGCGC:TCTTTGGT 

1\1\1\AGTI\CTTGCC:GI\TTTTGCT 

1\1\1\1\GTI\TTTGCGGGTTTTGTC 

CI\1\1\1\GTI\1\TTGTGGI\TTTTGT 

CCI\1\AI\CTGCI\GTTACTTTTGC 

Ci\1\AAC:TGATCGTGGTTTTTG 

Ci\1\1\GI\CTC:Ci\i\TTACTTTTGCG 

TGTCTTiiCTCCCTCAGGCACi\T 

GCGi\CCCI\C'TGTTC:GTTTCGil 

Ci\CGCTC'i\TGGACI\Ci\CCCACA 

TGAGTGTGTC:TGTGTGI\GTGTGT 

1\TTCTAATTTCTC:C:i\CGTC~TT 

AI\GATGTGGAilili\i\TTGGi\1\TC: 

TAGI\TI\1\i\1\Ti\TTGGTACCTG 

TTI\CAGTTGTTCAACCAGTTACT 

T/\1\CTGGTTGA/\CAACTGAACC 

TTATGGTTTGCCTGGGAC'TGAG 

TGAC:/\1\CCACGTC:TGCTC'TC:AG 

TCAGAACAAATGCCGGTTCCCi\Gil 

C:AC:CTTATTCI\TA/\1\AGTGCiiG 

Ti\ATTTTATGTi\Ti\1\GCT/\GT 

TACGTC'ATC'GTTGTCATCC:TCil 

1\AACTCTi\CTTGTCCTTCTGAGT 

TI\GTi\CCI\C:TI\CCTTGTGTTCil 

GACTI\TI\CI\i\CTTTCCCCC'TCI\ 

1\C:GC:GGAA/\GTTCTiiTAGTCC 

ATGCTGACIITATTTACTAGAGG 

TCTAGT/\1\GAGTGGCAC:TCC:A 

TGC:GTTTACGTTC:GGAG/\1\CT 

GTTCTCCC/\1\CGTAAGCCCAGC 

1\C:GGATCGCGGGCGGGTGGCGGCCT 

1\1\1\GACI\TAC:C:I\TAG/\GTCI\CCTC 

GTCCCTCTCC/\1\ATGTC:TCTTG 

1\C:/\CI\CATTTGGAG/\GGGACCC 

TTTAGC:/\T/\1\GCTTGACTTTTG 

AATGC:CC:Cf'ilf'TAGGGTTGTG 

TI\TGTCTGCTGACCI\TCAC'C'TT 

TGCTC:GGC'CCCAGAI\CATGTCC 

1\Ti\ATI\C'ATr:GTTi\1\Cf'TCTTT 

1\AT/\TT/\Ti\CI\C:TCAACCTCT 

TM'Cf'J\TTC:CI\TI\TCGCI\CTTC: 

TI\TTCATTTI\TCCCCI\CrTTI\CI\ 

1\fTC:CCT/\CC:C:I\1\AI\TCI\TTC:C:I\T 

APPENDIX A. LIST OF RESULTS 

matching-ahunrlance highest-ah11nrlance 

74 

7:lfi 7:16 

1~~" n~r. 

~91 ~9~ 

2~ 51 

I~ I~ 

~~ 13 

2S 28 

15 15 

13 J:J 

121 124 

16 

109 109 

78 78 

40 

13 

22 

28 4~ 

24 14~ 

20 100 

~8 18 

1129 

70 

13 

11 

287 

10 

~3 

nn 

9~ 

112!1 

10 

70 

17 

11 

287 

18 

12 

12 

11 

312 

20 

mature match-with .. highest 

h::-;n-miR-MsP yrs 

hsa-miR-:}18j j'l'S 

hsn-miR-MNk y('S 

hs.-'ldlliR-5181 ~0 

hsa-miR-!i48n y(•s 

hsn-miR-548o YC!-1 

hs.'l-miR-r~st )'C'S 

hsa-miR-518n yes 

hffi-miR-550a* yes 

hsa-miR-551a yes 

hsa-miR-571-3p yes 

hsa-miR-57~-5p No 

hsn-miR-576-5p yes 

hsa-miR-57f>-:Jp yes 

hsa-miR-577 No 

hsa-miR-582-5p No 

hsn.-miR-.582-3p No 

hsa-miR-5&1 No 

hsa-miR-589 No 

hsn-miR-589* No 

hsn-miR-500-5p yes 

hsa-miR-!\!l0-3p 

hsn-miR-598 

hsa-miR-618 

hsa-rniR-624* 

hs.-'l-miR-625* 

hsa-nJiR.-625 

hsa-miR-628-5p 

h~miR-628-3p 

hsa-miR-629 

hsa.-miR-629* 

hsa--miR-638 

hsa.-miR-641 

hs.'l-miR-612a 

hsa-miR-612b 

hsa-miR-6.11 

hsn-miR-6112 

hsa-miR-6M-31' 

hsa-miR-6M-5p 

hsa-miR-6.1!) 

hsn-miR-Grm 

h~a-miR-6fil 

hsn-miJl-GfYI 

lnm-miRAif:vt• 

No 

No 

Y"" 

yes 

No 

yes 

No 

yes 

No 

yes 

No 

No 

No 

No 

No 

)'('8 

No 

No 

)/1'5 

No 



read-name R.cfcrcncc Position 

;;nn;.23.o 

n.;4n;;.21.4 

hsa-mir-671 

hs11-mir-fi1l 

5fl64rJ:l.2:1.1 hs;Hnir-ft7!) 

8fi244.21.4 

3.:')89.22.1~0 hsa-mir-7-1 

1802.23.312 hsa-mir-7-2 

4743Lnr. hsn-mir-70R 

fl:1.1.1.17.42 hsn-mir-720 

1 :1!1.22. 7;)4."1 hs1Hnir-744 

I:"tl:l:).20.27 h);;Hnir-7fi0 

!17~:111.21.4 hs1Hnir-7fl.'1 

."l!lfl(). 22. i:l h!-a-mir- iflll 

R1:l!l22.47 hs1Hnir-7fl!l 

!1712.2:1.40 hsn-mir- if'i!l 

fil:lil.21.70 hsa-rnir-1'7:1 

30n:l8.22.10 hS>o-mir-874 

30077.22.R 

4G:J.''i.20.!lfi 

4835.21.93 

r.0140.22.o 

hsn-mir-876 

hsa-mir-877 

hsa-mir-8R9 

hsn-mir-!1-1 

3145.23.1:-i2 hsa-mir-fl-2 

;)71.23.1488 hs.1-mir-!1211-l 

71.22.24:147 hsa-mil·-!)2a-2 

4813.22.03 hsa-mir-92h 

:Jfi\147.22.8 h~11-mir-n2h 

276.23.3921 hsn-mir-93 

14487.22.24 hsa-mir-93 

82fi32.23.4 hsa-mir-935 

271533.24.2 hsa-mir-939 

36100.21.8 h>a-mir-040 

1660.23.346 hsa-mir-941-3 

2fi266fi.22.2 hsn-mir-942 

20634.22.10 hsn-mir-944 

13138.22.28 hsa-mir-95 

580.22.1456 hsa·mir-98 

4584.22.!17 hsn-mir-!mo 

72:1.22.1042 hS~J-mir-flflh 

81171.22.4 hsa-mir-!l!lh 

2R 

fi7 

42 

10 

46 

10 

48 

;)4 

1!) 

10 

47 

GO 

19 

10 

49 

14 

59 

70 

12 

;)::J 

48 

21 

12 

44 

IsomiRs 

AGGAAGCCCTGGAGGGGCTGGAG 

TCCGGTTCTCACGCCTCCACC 

TGGTGCCGACAGGGCCCACAGTG 

CTGTCC1"AAGGTTCTTGAGTT 

CAACAAATCACAGTCTGCCATA 

TGGAAGACTAGTGATTTTGTTGT 

AAGGAGCTTACAATCTAGCTGGG 

TCTCGCTGGGGCrrcrA 

TGCGGGGCTACGGrfAAC ACCA 

CGGCTCTCGGTrrGTGGGGA 

TGCAGCAGAAGCAAGGTGATC 

AC"H'CAC('('Cf'ACAGCrTCAGC 

TCACAC'CTC"i"GGGTTCTGAGCT 

C'TGGGAT(""J"C'CC:r.GGTC'TTCGTT 

GCAGGAACTTGT(;AGTCTC'CT 

CTGC'C'C"fGGCCCGAGGGACCGA 

TGGA1TTCTrTGTGAATCACCA 

GTAGAGGACATGCCGCACCC 

TTAATATCGGACAACCATTCT 

ATAAACCTACATAACCCAAACT 

TCTTfCCTfATCTACCTCTATCA 

AGCTIGGGATCGCTTGCAATGCT 

TATIGCACTTCTCCCGGCCTCT 

TATTCCACTCCTCCCCCCCTCC 

AGGGACCGGACGCGGTGCAGTG 

CAAAGTGCTCTICGTCCAGGTAG· 

ACTGCTCACCTAGCACTTCCCC 

CCAGTIACCGCTICCGCTACCGC 

TGGGGAGC'fGAGGC'fC'rGGGGGTG 

AAGGCAGCGCCC',CCGCTCCCC 

CACCCGGCTGTGTGCACATCTGC 

TCTTCTCTGTTTTGGCCATCTG 

AAATTATIGTACATCGGATGAG 

TTCAACGGGTATITATTGAGCA 

TGAGGTAGTAAGTTGTATTGTI 

AACCCGTAGATCCGATC'fTGTG 

CACCCGTAGAACCGACCTTGCG 

CAAGCTCGTGTCTGTGGGTCCG 

APPENDIX A. LIST OF RESULTS 

matching-abundance highest-abundance 

75 

130 

312 

42 

7545 

27 

73 

47 

40 

70 

10 

152 

1488 

24347 

93 

3921 

24 

346 

10 

28 

1456 

97 

1042 

18 

130 

392 

115 

7!i4o 

145 

12 

73 

47 

40 

70 

11 

1096 

93 

152 

2387 

24347 

142 

29 

3921 

74 

24 

346 

17 

10 

28 

1456 

1fi3 

1042 

72 

mature 

hsn-miR-fi71-5p 

hsa-miR.-671-3p 

hsa-miR.-675 

hsn-miR-fi76 

hsn-miR.-7-1* 

h:;a-miR.-7 

hs;\-miR-708 

hf-ia-miR-720 

hsn-miR-744 

hM·ntiR-760 

hl";_l·miR.-76,1 

hsn-miH-7fl6 

hsll-miR-76D-:ip 

h~'l-miR-7fi!1-:lp 

hsa-miR.-873 

hsa-miR.-874 

hsa-miR-87f>-5p 

hsa-miR.-877 

hsa-miR.-889 

hso-miR.-9* 

hsa-miR-9 

bsn-miR.-92a-1* 

hsa-miR-92a 

hsn-miR.-02h 

hsn-miR-92h* 

hsa-miR.-93 

hsa-miR-93* 

hsa-miR-93.5 

hsa-miR-939 

hsn-miR-940 

hsn-miR-941 

bsn-miR-942 

hsn-miR-944 

hsn-miR-95 

hsa-miR-98 

bsa.-.miR-99a 

hsn-miR-99b 

hss-miR-99b* 

match-with-highest 

No 

No 

yes 

yes 

yes 

No 

Y"" 

No 

yes 

No 

No 

yes 

.Y<'S 

yc:; 

No 

yes 

No 

yes 

yes 

No 

yes 

No 

No 

y(!S 

No 

No 

No 

yes 

yes 

No 

yes 

yes 

yes 

No 

yes 

No 



APPENDIX A. LIST OF RESULTS 

Table A.7: Identification of most abundant IsomiRs for N5 sample 

rearl-name 

18.22.!JR8fi1 

1!1!199~.21.2 

1.22.an:m1o 

107.22.11823 

a1.22.29111 

1 7Ro.22.2fi7 

,)11.22.1312 

11.22.1~6781 

6.22.192102 

85.22. lf>173 

35405.22.8 

76.22.17583 

886.1.22.41 

282.21.~~47 

21.23. 78618 

2a7or,.2:1.11 

277.22.:Jom 

763.21.839 

l!i0.2:J.7M6 

2:119.2:1.190 

212382.21.2 

.!)flfi2GR22.1 

411712.22.1 

.:')J(i;~;)!l.20.1 

fi.:')fi:lR.l\1.'1 

Reference 

hsn-lrt- 7a-2 

hsa-k·t-7a-:l 

h~a-h't-ih 

hsn-h~t-7c 

hsn-ld-7d 

hsn-1<'t.-7d 

hsn-IC't-7(' 

hsa.-kt-7f-2 

hsn-1C't-7g 

hs.'l-k·t-7i 

hsa-let-7i 

hsa-mir-1-1 

hsa-mir-100 

hsa-mir-101-2 

hsa.-mir-103-1 

hsa-mir-106a 

hsa-mir-10£ih 

hsn-mir-JOfih 

hs!Hnir-107 

hsn-mir-lfln 

hs:Hnir-1Hl7 

hs:ldnir·l22 

hs;Hnir-12>1-:l 

hsn-mir·l21·:l 

hsa-mir-12•1() 

212(i:t21.1>1 h~a-mir-1200 

:lODWL2l!l hsiHHir- 1 2.) 1 

:l!lX1.2~tlfri hsa-mir-12-l.'l;~ 

·112!1.22.91 hsa-mir-12ll:lh-2 

2.'\:tH1.22.10 hsfHnir-12:1(1 

:l002.2·1.JO(j h:m-mir-12:)n 

1!)(}71.22.1fi h~a-mir-12.t"ln 

071!).22.09 hsa-mir-120l).2 

fi.-1%.21.59 hsa-mir.J2(i 

25:112.22.12 hsa-mir·126 

11787.22.29 hsiHnir-1262 

10>11.18.545 

10:«i.22.549 hsa-mir-127 

>110077.22.1 hsa-mir-127 

10246.23.3;) hsa-mir-1270-1 

Position 

HI 

61 

61 

4.5 

12 

18 

47 

12 

!)1 

II 

4!l 

21 

:ll 

11 

7>2 

lfi 

11 

!il 

11 

22 

12 

lsomiRs 

TGAGGTAGTAGGTTGTATAGTT 

c:TATAC:MTGTAc:TGTCTTTC 

TCACC:TAC:TAC:C:TTC:TC:TCCTT 

TGAGGTAGTAC:GTTGTATGGTT 

i\Gi\GGTAGTAGGTTGCATAGTT 

c:TATACC:ACCTGCTGCCTTTCT 

TGAGGTAGGAGGTTGTATAGTT 

TGAGGTAGTAGATTGTATAGTT 

TGAGGTAGTAGTTTGTACAGTT 

TGAGGTAGTAGTTTGTGCTGTT 

CTGCGCAAGCTACTGCCTTGCT 

TGGAATGTAAAGAAGTATGTAT 

AACCCGTAGATCCGAAGTTGTG 

TACAGTAGTGTGATAACTGAA 

AGCAGCATTGTACAGGGCTATGA 

AAAAGTGCTTACAGTGCAGGTAG 

CCGCACTGTGGGTACTTGCTGC 

TAAAGTGCTGACAGTGCAGAT 

ACCAGCATTGTACAGGGCTATCA 

TACCCTGTAGATCCCAATTTCTG 

TACGACACATCGTCTACTTc:T 

TCGACTGTGACAATGGTGTTTG 

CGTGTTCACAGCGGACc:TTGAT 

TAAGGCACGCGGTGMTGCC 

AATGGATTTTTGGAGCAC:G 

i\f'CC:TCf'TC:C:ATC:Tf:r:CCTTT 

i\(;CCTCCAACCTGCACCCTCCACT 

ACC:ATC:ACf'AAACAAAGTACATT 

CC:C,\TCt\Cf'AAACAAACTr:CTT 

AGC:Ci\TTCACTTCTC'ACTACCT 

TCCCTCAC:ACCGTTTAACCTGTC:A 

ACAr:cn:AC:CTTCTTCGGAGGC 

TCCCTf:ACACCCTAACTTGTGA 

CATTATTAC:TTTTGCTACCCG 

TC:GTACCGTGAGTAATAATGCG 

ATGC:GTGAATTTC:TAGAAGGAT 

CGGGCGTGC:TGGTGGGGG 

TCGGATCCGTCTGAGCTTGGCT 

CTGAAGf~CAGAGGGCTCTGAT 

CTC:C:AGATATGGAAGAGCTGTGT 

matC'.hing-ahundance highest·ahunrlance 

76 

98863 

f>!l:m:w 

usn 

29HI 

267 

1342 

136781 

192102 

1<>473 

17583 

41 

3347 

78618 

11 

3501 

839 

7546 

195 

103 

91 

10 

106 

w 

69 

.;g 

12 

29 

045 

049 

98863 

14 

59:1030 

11823 

34781 

267 

1342 

136781 

192102 

15473 

17583 

41 

3968 

78618 

11 

3501 

8.19 

72985 

792 

II 

49 

201 

14 

14 

Ill 

91 

10 

330 

16 

69 

80 

23 

29 

54.) 

549 

3!i 

mature 

hsa-let-7a 

hsa-Jrt-7a* 

h~m-lrt-7b 

hsa-l('t-7c 

hsa.-let-7d 

hsn.-lct·7d* 

hsn.Jct-7E' 

hsa-let-7f 

hsa-let-7g 

hsa-lct-7i 

hsa-let-7i* 

hsa-miR-1 

hsa-miR-100 

hsa.-miR-101 

h<xYmiR-103 

hsa-miR-lOOa 

hsa-miR-lOOb* 

hsn-.miR-lOOh 

hsa-miR-107 

hsn-miR-10a 

hsn-miR-1197 

hsfHniR-122 

hsa-miR-121* 

hsn.-miR-121 

hsa-miR·12t16 

hsa-miR-1250 

h!<n-miR-12!lt1 

hsn-miR-12fiSa 

hsn-miR-12.1!lh 

hsa-mill-1256 

hsn-miR-125a-5p 

hsa-miR-12Sa.:Jp 

hsn-miR-125b 

lL<;a.-miR.-126* 

hsa.-miR-126 

hsa-miR-1262 

hsa-miR- I 268 

hsa.-miR-127-3p 

hsa-miR-127-Sp 

hsa-miR-1270 

match-with-highest 

yos 

No 

YC'S 

yes 

No 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

No 

yes 

yes 

yes 

yes 

No 

No 

yes 

No 

)'C'.S 

No 

YC'S 

No 

Xo 

)'C'S 

No 

yes 

yes 

No 

No 

yes 

yes 

yes 

No 

yes 



APPENDIX A. LIST OF RESULTS 

Table A.8: Identification of most abundant IsomiRs for Pl sample 

711.>1.21.·1 

2R.22.fi 1-17~~ 

1.22.~J:llfll!l 

71.22.2022.} 

Dl.22. Hr1:JO 

Referf'ncP. 

h~r.-ll'l-·7n-l 

hsn-lr't.-7r~-:\ 

lu:;a-lf't.-7h 

hsn-lct.-7C' 

IIS<l-lf'l.-7rl 

2n7.22.lfi6 hs.'\-lct.-7<1 

126:1.22.·110 hAA-I('t.-7c 

22.22. 7R2,'"JR hSH-]('t.-7f-1 

2:1.22.7fiR7TJ hAA-II~t.-7g 

Hfi.22.J~~:u~n ilf:<l-let.-7i 

J(J,171.22.~H hsa-ld-7i 

1·11.22.f.:FJI hsa-mir-1-1 

!IR7X.22.~1fi hsn-mir-IOfl 

z.-,2.21.·1120 h:.-a-mir-lfll-1 

:10.2:l,.",RJZ',f) hAA-mir-ln:l-2 

1:121Rz:l.2.-, hsn-mir-106:\ 

226.22.'17!)1 hsn-mir-106h 

419.21.1977 hsr.-mir-106b 

22:J.2:JAR!it) h!-!n-mir- 107 

6R2:l.2:~.:'-,6 hsa-mir-IOA 

76ti!Jfi.2:l.tl hAA-mir-IOb 

640169.22.1 

2:lHI6~.22.2 

'111!1:'l.19.7 

.~:l!R26.26.1 

·IH270.20.6 

hAA-mir-IIRO 

hl-!.'l-mir-122 

hs.'Hnir-122·1 

h!i.'Hllir-1226 

hsa-mir-121-1 

l~fif191.2fi.2 h<:l·mir-1211-~ 

~(l7H.I!l.·l2 

2!162:1·1.27.1 

14~1~6.22.2 

18262.21.17 

1471!11.22.2 

hsa-mir-1216 

h~A-mir-12·1~ 

hf'n-mir-12·1~1 

hf'<Hnir-12.)0 

hAA-mir-12;12 

3192.2a.J:lti hsa-mir-125fla 

3:l:\!l.22.12!J hsa-mir-12$)1-,.2 

:18f>79. 22.7 

17!KI9.24.1R 

.')12!)!).22 .• ) 

lu•n-mir-12.')6 

hsn-mir-12;)a 

h!·U~-mir-T2.>n 

76fil.22.'1!1 hs»-mir-12!"",1>-1 

l1:\fil.21.2:~ hs::t-mir-l2fi 

2n!lfi0.22.lfl hsa-mir-12fi 

Posit. ion 

10 

61 

12 

1i 

12 

:)I 

II 

19 

21 

2fi 

40 

1·1 

HI 

·Hl 

2~ 

27 

..'12 

J.l 

II 

~I 

lsomiR." 

CT,\TACAATCTACTGTCTTTC 

T(;A(;c;TA<:TAGGTTGTATAGTT 

TGA<;GTAGTAGGTTGTGTGGTT 

TGAt:GTA<;TAGGTTGTATGGTT 

/I(;A(;c;TA<;TAGGTTGCATM;TT 

CTATACC;ACCTGCTGCCTTTCT 

T<;A(;(;T,\(;(;,\(;GTTGTATAGTT 

TGAGGTAGTAGATTGTATAGTT 

TGAGC;TAGTAGTTTGTACAGTT 

TGAGC;TAc;TAGTTTGTGCTGTT 

(:TGCCCAA(;CTACT<;CcTTGCT 

T(;(;,\ATC;TAAAGA/I(;TATGTAT 

AACCC(;TAGATCCGAACTTGTG 

TAr AGTACTGTGATAACTGAA 

AGC:AGCATTGTACAGGGCTATGA 

AAAAC;T<;CTTACAGTGCAGGTAG 

CCGCACT<;TGGGTACTTGCTGC 

TAAAGTGCTGACAGTGCAGAT 

AGCAGCATTGTACAGGGCTATCA 

TACCCTGTAGATCCGAATTTGTG 

TACCCTGTAGAACCGAATTTGTG 

TTTCCGGCTCGCGTGGGTGTGT 

TGGAGTGTGACAATGGTGTTTG 

GTGAGC:AGTCGGGAGGTGG 

GTC;Ac;(;(;CAT(;CAG(;CCTGGATGGGG 

TAAGGCACGCGGTGAATGCC 

AAGTAGTTC;c;TTTGTATGAGATGGTT 

AATGGATITTTGGAGCAGG 

ACCTTCTTGTATAAGCACTGTGCTAAA 

Acc;cccrrcccccccTTCTTCA 

ACGGTGCTGGATGTGGCCTTT 

AGAAGGAAATTGAATTCATTTA 

AGGATGAGCAAAGAAAGTAGATT 

CGGATGAGCAAAGAAAGTGGTT 

AG(;CATTGACTTCTCACTAGCT 

TCCCT(;AGACCCTTTAACCTGTGA 

ACAC:C;TGAGGTTCTTGGC:AGCC 

TCCCTGA<;ACCCTAACTTGTGA 

CATTATTACTTTTGGTACGCG 

T<:GTACC(;TGAGTtiATAATGC:G 

matching·ah11nrlance highest·ah1mdance 

77 

6417T> 

.">:l1019 

20225 

14!)30 

166 

440 

78258 

76875 

15:189 

~1 

845<1 

~6 

4120 

.!)R150 

25 

1791 

1977 

485,? 

56 

12 

17 

136 

129 

18 

19 

2~ 

10 

6417-> 

;J:U019 

20225 

15107 

166 

110 

78258 

76875 

15389 

~4 

8151 

~6 

1120 

58150 

25 

4791 

1977 

48092 

256 

12 

13 

17 

92 

1895 

17 

136 

129 

47 

19 

10 

13 

rnRture 

hsa-l~t.-7n* 

hM-Jct-7::t 

hM-lot.-7h 

hsa-lct-7c 

IN\-I~t.-7d 

hs.-.-l~t.-7d* 

hsn-lcl.-7c 

hsa-lct.-7r 

hsa-lct.-7g 

hsa-lot·7i 

hsa-lct-7i* 

hN1-miR-I 

h~n-miR-100 

hsa·rniR-101 

hsa-miR-103 

hsa-miR-1061\ 

hsa-miR-106b* 

hsa-miR-106h 

hM·miR-107 

hsa-miR-JOa 

hsa-miR-IOh 

hM-miR-1180 

hsa-miR-122 

hsiHniR-1224-5p 

hsa-miR-1226* 

hsa·miR-124 

hsa-miR-1244 

hsa-miR-1246 

hsa-miR-12<18 

hsn·miR-1249 

hM·rniR-1250 

hsa-miR-1252 

hsa-miR-l255a 

hsa-miR·I255b 

lum-miR-1256 

lum-miR-125n-5p 

h~n-miR-125n-3p 

hsa-miR.-J25h 

hAA-tniH-126* 

hs::t-rniR-126 

match-with-highest 

yes 

yes 

No 

ycs 

yes 

ycs 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

No 

No 

No 

No 

No 

No 

yes 

No 

yes 

No 

No 

yes 

yes 

yes 

yes 

Y"" 

yeo 

No 

ycs 

yes 

No 

No 



APPENDIX A. LIST OF RESULTS 

Table A.9: Identification of most abundant lsomiRs for P2 sample 

read-name 

020788.21.1 

I 0.22.01820 

1.22.36911(; 

100.22.11133 

68.22.2.1704 

248.1.22.227 

:18:!.22.2(;]0 

fi.22.I00100 

8.22.137770 

27193S.21.2 

79.22. 198:li 

18167.22.21 

Jli.l.22. 79()(i 

12207.22.37 

238.21.1r..;o 

<178839.22.1 

18.2:1.91:1!i7 

71722.23.r. 

Reference 

hsa-kt.-7a-1 

hsll-ld-7a-2 

h~a-IC't-7b 

hsa-let-7c 

hsa-let-7d 

hsn-IC't-7cl 

hsa-l<'t-7c> 

hsa-ll~t.-7f-2 

hsa-IC't-7g, 

hsn-lf't-7p, 

hsa-lf't-ii 

hsa-h't.-7i 

hsa-mir-1-1 

hsa-mir-100 

hsa-mir-101-1 

hl'a-mir-101-1 

hsn-mir-tn:~-2 

hstHnir- HJ;s-2 

llfil:l.2:1.:l!l hsa-mir-106r\ 

27:t22.•1f)J!l hsn-mir-lfl(ih 

(ifi."i.21.1:1~·1 hsn-mir-JOfih 

11~.2:1.12fiO?l h)o:n-mir-lOi 

!1016.2:l.9!l h~a-mir-lOa 

20J23R.21.2 hsa-mir-1170 

:HS99.22.1:~ hsa-mir-122 

:)6R21.1!l.7 hsa-mir-122~ 

1R2i1.20.2-1 h'"-mir-12-1-2 

!11R1!1.X(i·t hsn-mir-121(i 

9:m5-L22.1 hsa-mir-12,1!) 

2.)121.21.Hi h~a-mir-12!10 

(iJ.?:~:t2,Ui hsn.-mir-J2;""d 

R0!1.;.2:1.?l!) hsA.-mir-!2!l~n 

:1919.22.1:}2 h:-a-mir-12:l!lh-l 

HJ:~R,1.22.22 hsa-mir-12:Jn 

1 Hl-17.2-1.12 hsa-mir-12.1a. 

-11471.22.9 hsa-mir-12!ln 

5RIJ7.22.R:; hsn-mir-12!ih-2 

29;1;,21.181 hsa-mir-126 

5012'i.22.8 hsa-mir-126 

23816-1.18.2 hsa-mir-1260 

Position 

10 

61 

61 

12 

IG 

Ill 

-17 

J(l 

12 

!)] 

II 

w 

21 

11 

II 

(i1 

J(l 

·10 

2:l 

17 

2i 

ill 

lsomiRs 

CTATACAATCTACTGTCTTTC 

TGAGGTAGTAGGTTGTATAGTT 

TGAGGTAGTAGGTTGTGTGGTT 

TGAGGTAGTAGGTTGTATGGTT 

AGAGGTAGTAGGTTGCATAGTT 

CTATACGACCTGCTGCCTTTCT 

TGAGGTAGGAGGTTGTATAGTT 

TGAGGTAGTAGATTGTATAGTT 

TGAGGTAGTAGTTTGTACAGTT 

CTOTACAGGCCACTGCC"TTGC 

TGAGGTAGTAGTTTGTGCTGTT 

CTGCGCAAGCTACTGCCTTGCT 

n:C:AAH:TMAGAAOTATC:TAT 

AACCCGTAGATCCGAACTTGTG 

TACAGTACTGTGATAACTGAA 

CAGTTATCACAGTGCTGATGCT 

AGCAC:CATTC:TACAC:GGCTATC:A 

AC:CTTCTTTACAGTC:CTC:CCTTC: 

AAAAr:n:C"TTACAC:TGCA(;(:TAC: 

CC(:CACTGTC:C:C:TACTTC:CTC:C 

TAt.t.C:TGCTGAC:t.GTCCt.C:AT 

t.GCt.GCt.TTGTt.Ct.GGGCTt.TCi\ 

Tt.C('("TGTAG!ITCCC:t.ATTTC:TC: 

t.t.r:C:t.TTCTTTC:t.TTC:C:TTGC: 

TC:Gt.GTGTC:i\Ct.t.TGGTGTTTG 

C:TGt.C:C:t.CTCGC:C:ACC:TGC: 

TAAGGCACGCC:GTGMT(;GC 

At.TCCATTTTTCC:ACC:ACC 

ACGCCX"TTCCCCCCCTTCTTCt. 

ACC:GTC:CTGC:t.TGTCC:CCTTT 

ACCC:TC:GAAC:CTGCAGCCTCCt.CT 

t.GGt.TGt.GCMt.GAMGTAGt.TT 

cc;r:t.n:t.r:Ct.t.t.Gt.At.GTGGTT 

AGGCATTCt.CTTC"TCACTAGCT 

TCC"CTGt.Ct.CCC:TTTAt.CCTGTCA 

t.Ct.GGTC:t.C:GTTCTTGGGACCG 

TCCCTGt.GACCCTt.ACTTGTGA 

Ct.TTt.TTt.CTTTTGGTACGCG 

TCGTACCGTGAGTAATMTGCG 

ATCCCACCTCTGCCACCA 

matching-abundance highest-abundance 

78 

91820 

369116 

14133 

23701 

227 

2610 

150400 

Dn7o 

198.17 

24 

7906 

:17 

lfiiiO 

13 

24 

86·1 

16 

so 

132 

22 

42 

85 

181 

91829 

369116 

11133 

270.1,'; 

227 

4321 

150400 

13n7o 

108.17 

26 

7906 

37 

94:167 

17 

39 

13 

17 

21 

800 

16 

04 

59 

1:12 

22 

1.>7 

184 

,';8 

2956 

mature 

hsa-1et~7a* 

ltsa-let-7a 

hsa-l('t-7b 

hsa.-lct-7c 

hsa-let-7d 

hsa-lct-7d* 

hsa-let-7e 

hsa-let-7f 

hsa-let-7g 

hsa-lct-7g* 

hsa-lct-7i 

hsa-lct-71* 

hsn.-miR-1 

hsa-miR-100 

hsa-miR-101 

hsn-miR.-101 * 

hS1\•ITiiR-lO:J 

hsa-miR-10:1-2* 

h!'a-miR-IOGa 

hsa-miR-lOOb* 

hsa-miR-lOOh 

hsn-miR-107 

hsa-miR-10a 

hsa-miR-1179 

hsa-miR.-122 

hsa-miR-1224-!lp 

hsa-miR-124 

hsa-miR-1216 

hsa-rniR-1219 

hsa-rniR.-1250 

hsa-miR-1251 

hsa-miR-1255a 

hsa-miR-1255h 

hsn.-miR-12rl6 

hsn-miR-125a-5p 

hsn-miR-125a-:Jp 

hsa-miR-125b 

hsa-miR-126* 

hsn-miR-126 

hsa-rniR-1260 

match-with-highest 

No 

yes 

yes 

yes 

No 

yes 

No 

yes 

yes 

yes 

yes 

No 

:<o 

No 

YC>S 

No 

Y~'S 

No 

No 

No 

yes 

~0 

Y<'S 

No 

yes 

Y<'S 

No 

yes 

)"C'S 

y('S 

No 

yes 

yes 

No 

No 



APPENDIX A. LIST OF RESULTS 

Table A.lO: Identification of most abundant IsomiR.s for K562 sample 

reml·name Reference 

2.22.filflfiF-\ 

R~fJ.22.6Hl h~n-lrt-7\l 

1241.22 .. 1-Hl 

11.22. t.12.1R 

1o7271.22.1 h~'l-ld.-if-1 

h~l-lr.t.-7g 

112.22.1X!l7 

1616.22.:1+1 h~:~-mir-1-1 

22101.22.2·1:, 

:12670.22.!1 h . .,a-mir-101-2 

1!J.;.21.211R h!'a-mir-Jrt1-2 

h-:r~-mir-10:1-2 

.1:>H·1.22.1:>'1 IJ"IHllir-lfl~l-1 

h!'r~-mir-IO!"l-1 

h~<Hnir-lflfia 

1.'>84.22.1:; 1 hsa-mir-IOfih 

6MH7.21A ht'a-mir-106h 

19.21.221:11> hsn-mir-107 

3.584.22.154 hsa-mir-lOa 

3584.22.1.14 

78893.23.3 hsa-mir-1180 

140128.23.2 hsa-mir-!18.>-1 

1025270.22.1 hsa-mir-1197 

86115.21.3 hsa-mir-122 

hsa-mir-124-3 

20896.2:U7 

3c>84.22.1.04 hsa-mir-1246 

3oR4.22.1o4 h~'l-mir-12,18 
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APPENDIX A. LIST OF RESULTS 

Table A.ll: lsomiRs present in specific condition 

miRNA Sequence I N4 I N5 I Pl I P2 

hsa-miR-1250 ACGGTGCTGGATGTGGCCTTT 22 14 0 0 

hsa-miR.-1271 CTTGGCACCTAGCAAGCACTCA 24 23 0 0 

hsa-miR.-1277 TACGTAGATATATATGTATTTT 297 42 0 0 

hsa-miR.-1294 TGTGAGGTTGGCATTGTTGTCT 222 290 0 0 

hsa-miR.-138 AGCTGGTGTTGTGAATCAGGCCG 33 19 0 0 

hsa-miR.-1908 CGGCGGGGACGGCGATTGGTC 85 112 0 0 

hsa-miR.-193b* CGGGGTTTTGAGGGCGAGATGA 49 41 0 0 

hsa-rniR-3121 TAAATAGAGTAGGCAAAGGACA 24 14 0 0 

hsa-rniR.-379 TGGTAGACTATGGAACGTAGG 62 30 0 0 

hsa-miR-3909 TGTCCTCTAGGGCCTGCAGTCT 9 20 0 0 

hsa-miR.-431 TGTCTTGCAGGCCGTCATGCA 37 30 0 0 

hsa-miR.-542-:lp TGTGACAGATTGATAACTGAAA 40 27 0 0 

hsa-rniR-G1R AAACTCTACTTGTCCTTCTGAGT 8 42 0 0 

hsa-rniR-8R9 TTAATATCGGACAACCATTGT 93 61 0 0 

hsa-miR-95 TTCAACGGGTATTTATTGAGCA 2R 6R 0 0 

hsa-miR.-1 TGGAATGTAAAGAAGTATGTAT 0 0 8454 7906 

hsa-miR-12~~" AGGATGAGCAAAGAAAGTAGATT 0 0 136 59 

hsa-miR.-1274b TCCCTGTTCGGGCGCCA 0 0 2684 393 

hsa-miR.-1:l01 TTGCAGCTGCCTGGGAGTGACTTC 0 0 24 89 

hsa-rniR.-136 ACTCCATTTGTTTTGATGATGGA 0 0 22 2.~ 

hsa-miR.-155 TTAATGCTAATCGTGATAGGGGT 0 0 545 594 

hsa-miR.-221 AGCTACATTGTCTGCTGGGTTTC 0 0 8526 21527 

hsa- miR-30c TGTAAACATCCTACACTCTCAGC 0 0 447 342 

hsa-miR.-3154 CAGAAGGGGAGTTGGGAGCAGA 0 0 74 11 

hsa-miR.-335 TCAAGAGCAATAACGAAAAATGT 0 0 80 134 

hsa-miR.-365 TAATGCCCCTAAAAATCCTTAT 0 0 64 40 

hsa-miR.-.1928 GGAGGAACCTTGGAGCTTCGGC 0 0 20 19 

hsa-miR.-425 AATGACACGATCACTCCCGTTGA 0 0 952 532 

hsa-rniR.-451 AAACCGTTACCATTACTGAGTT 0 0 6863 5984 

hsa-miR.-484 TCAGGCTCAGTCCCCTCCCGAT 0 0 55 109 

l•sa-miR-~02-3p AATGCACCTGGGCAAGGATTCA 0 0 74 81 

hsa-rniR-550a* TGTCTTACTCCCTCAGGCACAT 0 0 29 19 

hsa-miR.-660 TACCCATTGCATATCGGAGTTG 0 0 151 110 

hsa-miR.-766 ACTCCAGCCCCACAGCCTCAGC 0 0 51 111 

hsa-miR.-940 AAGGCAGGGCCCCCGCTCCCC 0 0 22 7 
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Note 

*Complete list of results has been compiled and can be requested from the author. 
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