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Type of RNA in genetic engineering  

and gene manipulation 

 1. **mRNA ( (**پیام‌رسانآران‌ای

 2** . rRNA ( (**ریبوزومیآران‌ای

 3** . tRNA ( (**انتقالیآران‌ای

 4** . siRNA ( (**مداخله‌گرکوچک‌آران‌ای

 5** . miRNA ( (**ریزآران‌ای

 6** . tsRNA ( از‌مشتق‌شدهکوچک‌آران‌ای
tRNA)**

 7. **ysRNA ( از‌مشتق‌شدهکوچک‌آران‌ای
Y RNA)**

 8. **circRNA ( (**حلقویآران‌ای

 9** . lncRNA ( (**غیرکدکنندهبلند‌آران‌ای

 10** . piRNA ( با‌تعامل‌کنندهآران‌ای
(**پی‌وی

 11. **snRNA ( (**هسته‌ایکوچک‌آران‌ای

 12** . snoRNA ( (**هستکیکوچک‌آران‌ای

 13** . ribozyme ( (**ریبوزیم

 14** . exRNA ( (**خارج‌سلولیآران‌ای

 15** . tasiRNA ( مشتق‌شدهکوچک‌آران‌ای
**(tasiRNAاز‌

 16. **rasiRNA ( کوچک‌مرتبط‌با‌آران‌ای
(**تکرار

 17** . scaRNA ( (**کایالکوچک‌آران‌ای

 18** . srRNA ( کوچک‌آران‌ای
(**ریبوزومی

 19** . gRNA ( (**راهنماآران‌ای

 20** . crRNA ( مرتبط‌با‌آران‌ای
CRISPR)**
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..کاربردی ترین 

.1**siRNA (small interfering RNA)**:ازژن هاخاموشی
(باز19-21).mRNAتجزیهطریق

2.**miRNA (microRNA)**:باتعاملطریقازژن هابیانتنظیم
mRNA.(19-21)

3.**dsRNA (double-stranded RNA)**:مسیرشروع
RNAi.(100-1000باز)

4.**Antisense RNA**:بهاتصالطریقازژن هاخاموشیmRNA.

(2002000تا)
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.**shRNA (short hairpin RNA)**: RNAبرایکهحلقه ایساختارباکوتاههای
(بازی20-19).می شونداستفادهژن هاخاموشی

6.**piRNA (Piwi-interacting RNA)**:بامقابلهوجنسیسلول هایازحفاظت
(باز31تا24).متحرکژنتیکیعناصرجابجایی

7.**CRISPR-Cas9**:برشراژن هاخاصطوربهمی تواندکهژناصلاحسیستمیک
.کنداصلاحودهد

8.**ASOs (Antisense Oligonucleotides)**:کوتاهقطعاتDNAیاRNAکه
...تشخیصوشدهمتصلmRNAبه

9.**Ribozymes**: RNAمی توانندکهکاتالیتیکهایmRNAکنندتجزیهراهدف.

10.**aptamer**: RNAیاDNAمتصلمشخصهدفمولکول هایبهکهتک رشته ای
.می کندمهارراآنهافعالیت هایوشده
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circRNAیا**RNAنوعی**حلقویRNAتشکیلحلقه‌ایشکلبهکهاستغیرکدکننده
رمقاوم‌تاگزونوکلئازهاتوسطتخریببرابردرخود،حلقویساختاردلیلبهRNAنوعاین.می‌شود
پروتئین هاباتعاملوهاmiRNAکردناسپانجژن،بیانتنظیمدرمختلفینقش‌هایواست
عنوانبهودارندنقشبیماری‌هاوبیولوژیکیفرآیندهایازبسیاریدرهاcircRNA.دارد

.گرفته‌اندقرارتوجهموردبیماری‌هادرمانوتشخیصبرایبالقوهبیومارکرهای

lncRNAیا**RNAنوعی**غیرکدکنندهبلندRNAطولنوکلئوتید200ازبیشکهاست
هاRNAنوعاین.نمی‌کندتولیدپروتئینیکد(،(mRNAپیام‌رسانهایRNAبرخلافودارد

سایرباعاملتو،کروماتینساختارتنظیمسلولی،فرآیندهایکنترلژن،بیانتنظیمدرمهمینقش‌های
.دارندزیستیمولکول‌های

lncRNAآن‌هارویزیادیتحقیقاتودارندنقشبیماری‌هاوبیولوژیکیفرآیندهایازبسیاریدرها
ابیماری‌هدرمانوتشخیصبرایآن‌هاازمی‌توانچگونهکهشوددرکبیشترتااستانجامحالدر

.کرداستفاده
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rasiRNAراسی**یاRNA**ازنوعی**RNAتک‌رشته‌ایمهارکنندهکوتاه**
(siRNA)یدانه هاگیاهان،جملهازمختلف،بیولوژیکیسیستم‌هایدرکهاست

.استشدهشناساییموش ها،درجنسیسلول هایومخمار، rasiRNAنقشها
ونددار**هسته‌ایتغییرات**و**ژنتیکیجابجاییعناصرکردنمهار**درمهمی
.دارندتعاملArgonauteخانوادهازPiwiزیرگروهپروتئین‌هایبامعمولاً

..........................................
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RNA interference

 RNA interference (RNAi) : a gene silencing mechanism

where short interfering RNA (siRNAs) and microRNA

(miRNAs) molecules inhibit the transcription and translation

of target genes in a sequence-specific manner

 Firstly: Caenorhabditis elegans: degradation of par-1 mRNA

followed by introducing double-stranded RNA to this

nematode worm
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 Practical tool for new drug target discovery and RNAi drug
development in mammalian cells

 An appealing technique for decreasing the virulence of pathogens
such as bacteria؟؟؟؟, fungi and viruses

 siRNAs (short interfering RNAs) are primarily involved in **post-
transcriptional regulation**.

 This means they function by interfering with gene expression after
the transcription process has occurred but before the translation
process begins.

 They achieve this by binding to complementary mRNA sequences
and leading to their degradation, effectively silencing the gene.
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successes in siRNA :

 Drugs designed based on siRNA are in use and

development.

 Three important drugs in this category, patisiran, givosiran,

and lumasiran, have been approved by the U.S. Food and
Drug Administration (FDA).

 Patisiran: For the treatment of hereditary transthyretin-
mediated amyloidosis (hATTR).

 Givosiran: For the treatment of acute hepatic porphyria.

 Lumasiran: For the treatment of primary hyperoxaluria

type 1.Additionally, 7 other siRNA-based drugs are in

various stages of clinical evaluation.
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What is 1-siRNA

2 pathway:

 1-dsRNA is processed to 21-25 nt short interfering RNA

(siRNA) with 2 nt 3’ overhangs by the RNAse III-like

protein Dicer in the initiating step of RNAi

 2-siRNAs are exogenously produced ~21 nucleotides

long double stranded RNA molecules(or synthetics..)

covering complementary with target sequence
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 In mammalian cells, delivery of chemically

synthesized short interfering RNA specifically

silences expression of the corresponding

endogenous gene, thus bypassing the non-

specific inhibitory mechanisms elicited by longer

ds RNA:

 (like, Toll-like receptor 3 (TLR3), RNAse L, toxic
effect on cell, Overall inhibition of translation..)
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Mechanism of siRNA Interference:

 1-During this process, long double-stranded RNA is broken

down into smaller fragments of 21-23 nucleotides by the

ribonuclease enzyme Dicer with the help of ATP. These

small fragments are called siRNA.

 2-Then, the siRNA is incorporated into a multi-protein

complex called RISC (RNA-Induced Silencing Complex),

which includes the Argonaute 1-4 enzyme as part of the
complex.
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 3-Argonaute separates the sense strand from the siRNA, and

the antisense strand remains as the guide strand within the

RISC complex.

 4-After that, the guide strand directs the activated RISC

towards the target mRNA.

 5-Once the guide strand fully pairs with the target mRNA, the

mRNA is cleaved by the Argonaute enzyme.

 6-With the degradation of the mRNA, gene expression is

halted, a state referred to as gene silencing.
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2-miRNA

 miRNAs are a family of endogenously encoded

small noncoding RNAs, derived by processing of

short RNA hairpins, that can inhibit the translation

of mRNAs bearing partially complementary

target sequences 3UTR ‘ 5UTR or CDs
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basic criteria 
for designing 

the best 
siRNAs
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Different steps in designing a 
siRNA

A. Finding the target gene

B. Selecting the best position for siRNA

C. Assessing its secondary structures(siRNA
and mRNA target)

D. Assessing Its nucleotide content

E. Evaluating specificity of the designed siRNA
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Target site 
(best position 
in the mRNA)
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Target site

 Retrieving the gene from Common database(NCBI,

genome browser or ensemble..)

 Assessment of Different Transcript variants ..

 Avoiding single-nucleotide polymorphism (SNP)

locations(300 to 500); it might cause variation in the

silencing efficiency in different situations(dbSNP..)
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Selecting the best positions

A. Avoid intronic parts and 5′UTR or 3′UTR.

B. UTRs and sequences close to start codon are more prone to
regulatory proteins that can interfere with RISC complex .

C. Regions about 50–100 nucleotides downstream of start codon
in the open reading frame of the target gene are the best
target sites to be silenced.

D. Worthwhile as guanidine–cytosine (GC) content of these
regions is less 50%; also, they facilitate the function of RISC
complex.

E. Accessibility of the target site owing to the secondary
structures of the mRNA is another determinant of siRNA's
functionality and any variations in partial base pairing of the
target site will influence the effectiveness of siRNA.
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Selecting the best position

 Searching for :
 5′-AA(N19)TT,

 5′-AA(N21) or
 5′-NA(N21) on the target sequence
 This helping the entry of mRNA into RISC

complex

 Lowering the GC content of target site(high
GC Lead to the formation of stronger
secondary structures with the target mRNA)
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 Native mRNAs have intrinsic secondary structures that can

be predicted by the software such as Mfold

(http://mfold.rna. albany.edu/?q=mfold) or generunner ..

 Target sites, including 2 consecutive unpaired bases (within

mRNA) at their 5′ -or 3′-ends are more prone to the silencing

effect of siRNAs than target sites comprising unpaired regions

in their central region.

 (1-These free bases act as initial binding points and facilitate

proper recognition.
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 2-Free bases can reduce secondary and unstable structures
at the ends of the siRNA, which can increase the overall
stability of the siRNA during the gene silencing process.

 This can help increase rapid degradation and decrease
instability of the siRNA.

 As the accessibility of the target site affects the siRNA
efficiency, Tafer et al. constructed a software called RNAxs
(http://rna.tbi.univie.ac.at/cgi-bin/RNAxs), which is a siRNA
designing tool mainly based on mRNA target site
accessibility.
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Length of siRNA 

 There is a controversy over the best length of siRNAs. Although
some groups, including have worked with

 A-19 nucleotide ones and obtained very good results,

 B- others have used longer siRNAs ranging from 21 to 29
nucleotides.

 Although shorter siRNAs may lead to an unspecific binding,
siRNAs from 19 to 25 nucleotides have shown the same
efficiency in silencing.

 However, smaller siRNAs are better to use for mammalian cells
as longer siRNAs can immune rinduce mammalian response
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Specificity checking 

 After designing siRNAs with different methods, both sense and
antisense strands should be checked via blast with reference
sequence database (Refseq-RNA and EST database) of the
desired organism to reduce the risk of silencing unintended
genes.

 As their alignment may not be the result of chance, blast's
results with smaller E-values should not be overlooked.

 Less than 78% query coverage with other genes, ⩽15
nucleotides out of 19 matching with the respective siRNA, is
believed to be tolerable.

 Yet, it is worthwhile to mention that there is always a
probability of unpredictable off-target effects for siRNAs.
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Nucleotide content of siRNA 

 Some of the criteria that are introduced by different algorithms overlap 
with each other.

 1-GC content is an obvious and basic parameter in the efficiency of
siRNAs.

 This is due to the fact that low GC content leads to unspecific and weak
binding, while high GC content may hinder unwinding the siRNA duplex
by helicase and RISC complex.

 A- Suggested that the GC content should range from 31.6% to 57.9%.

 B-Found the most functional siRNAs, which means up to 95%, having GC
content of 36–52%.

 2-In the antisense strand, GC percentages between the 2 to the 7 and
the 8 to the 18 nucleotides were desirable to be 19% and 52%,
respectively.
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 3- functional siRNAs have an unstable region (lower GC
content than others) between the 9 to the 14 nucleotides,
called energy valley, which is a vital criterion for the
selection of siRNAs.

 4-This internal instability increases the RISC complex
functionality by inducing the most desirable conformation
during mRNA cleavage.

 5-Sense and antisense strands should have the ability to
form the duplex properly and avoid any secondary
structures that can be prohibitive.
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 6- SiRNA sequences must be screened for internal
repeats and palindromes.

 7-However, siRNAs in which the internal secondary
structures have Tm (melting temperature) values less
20°C, can be tolerated when the body temperature
reaches to 37°C, which, in turn, unwinds the respective
secondary structures.

 (In general, secondary structures with higher Tm are more
stable.

 The Tm of a molecule is usually between 50 and 90 °C,
but this depends on the sequence and environmental
conditions.
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 Therefore, at temperatures(37) above Tm(20..), double-stranded

or secondary structures become unstable and unfold to the

single-stranded state.
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 This Evaluation of secondary structure can be carried out by

Mfold or oligoanalyzer 3.1 or gene runner..

 8-The other most substantial criterion for siRNA selection is low

internal stability at 5′-end of the antisense strand, which is

probably an important factor for proper unwinding of siRNA

duplex and entering into the RISC complex
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 9-This instability can be easily assessed by the number of A/U nucleotides.

 A- for having an effective siRNA, at least 4 out of the 7 nucleotides in the 5′-
end of antisense strand should be A or U.

 10- Or the others suggested at least 3 from A/U bases between the 13 and
the 19 nucleotides of the sense strand were needed.

 11-Any way indicated that A/U duplex differential between two strands,
especially in the last three base pairs, correlates with functional
siRNAs(sencse).
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 12-Also confirmed that the presence of more 3 A/Us at the 13 to 19
position is important for siRNA's functionality.

 13-One other hand high internal stability or high G/C content at 3′-
end of the antisense strand is influential in the efficiency of siRNA.

 14-Sequences such as GGGG or CCCC should be avoided as they
increase the risk of hairpin structures.

 Point: Off course; some topics, more than three A or U nucleotides
can also be detrimental because RNA polymerase III tends to end the
transcription at poly U site.

 The presence of purine at the 5′-end of the sense strand makes the
initiation of transcription, by RNA polymerase III, more efficient.(for
expression in vector.. Contrary to what has been said so far.)
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 16- Nucleotide 6 of the antisense strand is preferred to be A.

 Conversely, U1 and G19 in the antisense strand decrease the
efficiency of siRNA.

 17-The presence of A at the 19 position, A at the 3 position
and U at the 10 position, besides the absence of G or C at the
19 and G at the 13 nucleotide of sense strand are influential.

 18- U10 showed the strongest correlation with the efficiency
of siRNA owing to the fact that RISC cleaves target mRNA
between nucleotide 10 and 11 and, similar to most of
endonucleases, prefers to cut 3′ of U rather than other
bases.(power base of G, C, T and U important)
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 Jagla and his research team analyzed 600 chemically synthesized
siRNAs and revealed four sets of rules based on the base composition
of the sense strand.

 According to their findings, the first rule is the best one that increases
the chance of functional siRNA prediction up to 90%. Here are the
rules:

 Rule 1: Presence of A/U at position 19, GC at the first position, A/U at
position 10, more A/Us at position 13–19.

 Rule 2: Presence of A/U at position 19, GC at the first position, GC at
position 10, more A/Us at position 13–19.

 Rule 3: Presence of G/C at position 19, GC at position 1, GC at
position 11, morec A/Us at position 5–19.

 Rule 4: Presence of A/U at position 19, A/U at position 1, more 3 A/Us
at position 13–19.
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طراحیمورددرشدهخلاصهگیرینتیجهبرایsiRNAکردید،ارائهکهقوانینیاساسبر

:کردترکیبزیرصورتبهتوانمیرانهاییمعیارهای

طراحیبرایکلیدیمعیارهایsiRNA:

حضور:19موقعیتA/U.

.معمولطوربه:اولموقعیتGC،اگرچهA/Uاستقبولقابلقوانینبرخیدرنیز.

وجودقانون،بهبسته:10/11موقعیتA/UیاGC(البتهAیاU)

19-13هایموقعیت:A/Uشوندمیدادهترجیحمحدودهایندربیشترهای.

3قانوندر:19-5هایموقعیت،A/Uدادهترجیحتروسیعمحدودهایندربیشتریهای

.شوندمی
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 Two nucleotides can be added chemically to the 3′-end of sense
and antisense strands and these siRNA duplexes tend to be more
efficient than duplexes with ⩾3 3’ overhanging nuclotides.

 Benefits of TT Overhangs:

 Enter ti RISC complex

 Stability siRNA structure

 Cost Reduction: TT overhangs help reduce the expense of RNA
synthesis.

 Increased Persistence: These overhangs can increase the
persistence of siRNA duplexes by enhancing their resistance to
RNAase

 Decrease off-target , improve connection to the target mRNA….
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Thermodynam

ic features
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Thermodynamic features:

 Thermodynamic characters of functional siRNA

molecules are guiding siRNA design…

 Thermodynamic differences in the base-pairing

stabilities of the 5´-ends of both siRNA and miRNA

molecules play a critical role in determining which

strand initiates RNA induced silencing complex (RISC)
activation )base pair; like A/U..)
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Thermodynamic features 

 1-Low stability in 5’ end of AS

 2-Higher stability in 3’ of AS

 3-Also; Energy valley in 9-14 nt

 Then ; A/U richness in 3’ end, GC richness in 5’ end is 
important 
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The best result 
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 Suggest an energy balance of 5 to 8 kilocalories per mole is
suitable for the arms of siRNA:

 1-Correct Strand Selection: Lower energy in the 5' arm AS
(SO LOW STABILITY) ensures that this arm is selected as the
guide strand by the RNA-induced silencing complex (RISC) instead
of the 3' arm. This ensures that the correct strand is chosen by
RISC and the RNAi process is executed correctly.

 2-Greater Stability: Arms with energy levels between 5 to 8
kilocalories per mole may contribute to better and more stable
activity siRNA. This can increase the duration of siRNA activity in
cells, ultimately improving their efficiency.
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 ### Summary:-

 **Sense strand**:
Separated and has no

specific role in the RNAi

process.-

 **Antisense strand**:
Binds to the target mRNA

and causes it to be

degraded or inhibited.
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Transfection

 Transient or Stable of ( naked or in vector )

 In transient one: the double-stranded RNA(19-21 base) is

introduced to the target cells by different methods…

 In the stable transfection: the exogenous double-stranded DNA

expressing short hairpin RNA (shRNA) is exposed to the cells

 The stable procedure : more effective in mammalian cells. The

double-stranded DNA will be integrated to the cell's genome and

transcribed to shRNA by RNA polymerase II/III. (Dividing cell, Hela

and non –dividing cells, neurons)

 Then the processed shRNA is exported from the nucleus to the

cytoplasm
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Position of cleavage

 Cleavage occur between the tenth and eleventh nucleotide, 

as measured from the 5´end of the antisense strand
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A review of 

nucleotide content 

based on the most 

important studies
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Summary
Essential Parameters algorithms

Asymmetrical nucleotide content in the duplex

(More A/U at 5' end of  antisense sense strand and More G/C at 5' end 

of sense strand)

Amarzguioui et al

Reynold et al

Ui-tei et al

Weak base pairing at 5'end of antisense

(presence of A/U)

Amarzguioui et al 

Ui-tei et al

Jagla et al

Absence of internal repeats Reynold et al

Ui-tei et al 

Presence of A at 6th position  of antisense strand Amarzguioui et al

Presence of A at 3rd and 19th position of sense strand Reynold et al

Absence of G at 13th position and G/C at 19th position of  sense strand Reynold et al

Jagla et al

Presence of U at 10th position of sense strand Reynold et al

Jagla et al
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finally
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Advantages of siRNA

1. Specificity: siRNA offers highly specific gene silencing

by targeting complementary mRNA sequences,

reducing off-target effects.

2. Reversible Effects: The effects of siRNA are temporary
and reversible, providing a controlled method of

gene regulation.

3. Versatility: siRNA can be designed to target virtually

any gene, making it a versatile tool for research and

therapeutic purposes.

4. Rapid Knockdown: siRNA can achieve rapid knockdown of

target genes,??! allowing for timely study of gene function
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Disadvantage 

 1-Off-target effects.

 2- Minimal Immune Response

 3- Scalable Production (cost..)

 4-Time Knockdown(24h; 48h..naked )
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mRNA features 

 1-Secondary structure of mRNA.

 2-Target region incorporated in various hairpin

structures.

 3-Linear correlation between siRNA silencing of

the target gene and local free energy of the

target region.
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 Local Free Energy and Its Importance:

• Secondary Structure of mRNA: mRNA can form various

secondary structures, such as hairpins, which can affect the

accessibility of the target region for siRNA binding.

• Hairpin Structures: These structures can be stable or unstable,

depending on the local free energy. More stable hairpins (with
lower free energy) are harder to unwind and target.

• Linear Correlation: There is a direct relationship between the

efficiency of siRNA silencing and the local free energy of the

target mRNA region. Regions with lower free energy or positive

∆G (less stable hairpins) are generally more accessible and thus

more efficiently silenced by siRNA.
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Free energy calculation: S fold, M fold, genebee
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Immune stimulatory  effect

 1-Double-stranded RNA (dsRNA) induces the production of

type I interferon (IFN), which plays a crucial role in the antiviral

immune response. This induced type I interferon activates the
enzymes PKR and OAS as follows:

 A-PKR: Binds to dsRNA and becomes activated. This enzyme

phosphorylates various proteins in the cell, halting protein
translation and preventing viral replication

 B-.OAS: Also becomes activated by dsRNA. These enzymes

produce 2',5'-oligoadenylates, which activate RNAase L.
RNAase L degrades viral RNA and prevents viral replication.

 3-5’-UGUGU-3’ and 5’-GUCCUUCAA-3’: high immune

stimulatory

 4-5’-UGU-3’ motif is recognized by TLR7/8
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Off target effect

 Meticulous blast search in 5’ region of
Anti sense strand , Searches in :

 1- mRNA data bases

 2- EST databases

 3- nucleotides database…
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Criterion in summary
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Programs 

Invitrogen

Qiagen

Dharmcon

IDT

Si Direct……
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URLs
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Design web server 
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http://sidirect2.rnai.jp/
68



69



Results:
A-siRNA target positions.
B-siRNA target sequences (21nt + 2nt overhang).
C-Oligonucleotide sequences (21nt guide strand and 21nt passenger strand).
D-siRNA efficacy predictions. siRNAs with U, R, A satisfy the functional 
siRNA design algorithms of Ui-Tei et al. (reference 3), Reynolds et al. 
(reference 4), and Amarzguioui et al. (reference 5), respectively.
Calculated Tm of the siRNA seed region. 
E-Selecting an siRNA with a lower seed Tm reduces off-target effects. →
Ui-Tei et al. (reference 6)
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🧪 متنF:  حداقل تعدادmismatch  غیرهدفبا هر توالی

•این‌بخش‌فقط‌کمترین‌تعداد‌mismatch بین‌siRNA و‌هر‌mRNA می‌دهرو‌گزارش‌غیرهدف.

•۱فقط‌غیرهدفیعنی‌اگر‌یک‌توالی‌mismatch با‌siRNA خطرناک‌ترینداشته‌باشه،‌اون‌رو‌به‌عنوان‌off-target می‌گیرهدر‌نظر‌.

•که‌بدترین‌حالت‌چقدر‌نزدیک‌به‌تطابق‌کامل‌بودهمی‌گهاین‌عدد‌به‌شما‌.

•چند‌تا‌توالی‌با‌اون‌تعداد‌نمی‌گهاما‌mismatch می‌گهفقط‌حداقل‌رو‌—دارهوجود‌.

🔍اگر‌حداقل‌—برای‌غربال‌اولیه: کاربردشmismatch باشه،‌اون‌1یا‌0برابر‌siRNA ممکنه‌خطرناک‌باشه‌و‌باید‌حذف‌بشه.

________________________________________

📊متن‌G:  با درجات مختلف تطابق هاتعدادmismatch

•رو‌که‌با‌توالی‌هاییاین‌بخش‌تعداد‌siRNA تطابق‌دارند،‌با‌درجات‌مختلف‌mismatch می‌دهگزارش‌  :

o19/19: تطابق‌کامل

o18/19: یک‌mismatch

o17/19: دو‌mismatch

o16/19: سه‌mismatch

•اصلیهتطابق‌کامل‌با‌ژن‌هدف‌نشون‌دهنده‌یمعمولاً‌)+( 0ستون‌(‌ًمثلاclaudin 17).

🔍مثلاً‌اگر‌یک‌—دقیق‌تربرای‌ارزیابی‌: کاربردشsiRNA فقط‌یک‌غیرهدفتوالی‌۵۰با‌mismatch داشته‌باشه،‌حتی‌اگر‌در‌متن‌F بیاد،‌در‌متن‌" 1"عدد‌G 
.زیادهتعدادشچون‌دارهکه‌اون‌خطر‌جدی‌می‌فهمی
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List of off-target candidates for individual siRNAs. The alignment between each off-target
candidate and the siRNA sequence clarifies the locations of mismatches. Hits with a perfect
match (19/19 matches), one mismatch (18/19 matches), two mismatches (17/19 matches),
or three mismatches (16/19 matches) are shown. Searches are performed for 19nt
sequences at positions 2-20 of each strand of the siRNA duplex
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http://www.idtdna.com/calc/analyz

er
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 >NM_001234

 CTCTGCCCCAAGTATTTTCAGCCCCAGCCGGCCACACAGCTCGGATCTCCTCCTGTGGATCCCCCCAGCTCTGCGATG
ATGGCAGAAGAGCACACAGATCTCGAGGCCCAGATCGTCAAGGATATCCACTGCAAGGAGATTGACCTGGTGAACC
GAGACCCCAAGAACATTAACGAGGACATAGTCAAGGTGGATTTTGAAGACGTGATCGCAGAGCCTGTGGGCACCTAC
AGCTTTGACGGCGTGTGGAAGGTGAGCTACACCACCTTCACTGTCTCCAAGTACTGGTGCTACCGTCTGTTGTCCACGCT
GCTGGGCGTCCCACTGGCCCTGCTCTGGGGCTTCCTGTTCGCCTGCATCTCCTTCTGCCACATCTGGGCGGTGGTGCCA
TGCATTAAGAGCTACCTGATCGAGATCCAGTGCATCAGCCACATCTACTCACTCTGCATCCGCACCTTCTGCAACCCACT
CTTCGCGGCCCTGGGCCAGGTCTGCAGCAGCATCAAGGTGGTGCTGCGGAAGGAGGTCTAAAGCCAGGGACTGCT
CCATACCCCATGATGGAGCACACGGTGTAGGGAAGCCAGAAAGAAAAGACGGCCCAGCCACAGAAGCACAATGG
CCCTTCGCTCTCCCCCAGCCCCACCATGATGCCCCCATGCCTGGGCGTGGGGGAAGATCATTTGCCAAGAGGCAGC
TACTGCAAGTCTTTGCGTTCACTTGTACTGTAACAACATAAACCAGCACGCGGTTCCCACCCGGGGCCAACCTCTCCAC
GCGCACTCAGGAAAGTGACCAGTGACCACTGGCGTTAGGAAGGTGGCTCCAGTAAAGGGTTTTGGCTGCATTTGGGGA
ATGCTGCATTTTGTTCGTGCCTGTAAGATTGGTTTGTGTCCTGACCAGCTCCAAAAATATACTTCACTGCCCTGAAAAACAGA
CACAGGGAGAGTTGGTTGTCTCTTCACTTGGCCAAATGTAAGTGAAGAACAGAGTCTTTTTCTTCTTCGGATTCTATTGTTTGCT
GGAACCGTACACGTTCCTTGGAAGATCATGTTTAAGTGACTCCTGTTGCCTGAGCACAAAAATGGGCACCAATGGAGGA
AAATGACCCTTGGGCTGGCAGGGGCAGTGACCCTTCCAGGGTACCACTGAGGGAAGGGCCTGGGTTCAAGCCTCCC
GGAACCTCCCCTTTGGCTAACCGAGCCCCTGAAATGCCCAGTACTGCCATTTGACATGAGGGTACCTTCGCCCTCAGG
AGATGTGACGAAGGAACAAGGTCTAATTTGTGCGTGTGTGGACTCACTATGGAAATAAAATGCAGTAGAAAGA
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Exclude transcript from results 
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Blast 
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های طراحی شده را می siRNAاز دیگر لیستی

توان مشاهده کرد 
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Worst Rank: 31

بدترین معیار در بین تمام رتبه یsiRNA بهتره؛ یعنی این توالیپایین ترعدد . برای این توالیطراحی شدههای
.در اکثر معیارها عملکرد خوبی داشته

________________________________________

📍 Position: 460

 موقعیت شروع توالیsiRNA  رویmRNA یعنی این . هدفsiRNA  در توالی هدف 460شماره نوکلئوتیداز
.می شهشروع 

________________________________________

🔓 Access 8nt: 0.6771

ساختار دوم دسترسی پذیریmRNA  ناحیه یدرseed (از 9تا 2نوکلئوتیدهایsiRNA):

• هست1تا 0عدد بین.

• عدد بالاتر یعنی این ناحیه بیشترsingle-stranded  برای اتصال به قابل دسترسوsiRNA هست.

• ناحیه ییعنی 0.6771مقدارseed نسبتاً خوب بازه و احتمال اتصال بالاست.

________________________________________
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🔓Access 16nt: 0.1712

:(siRNAاز17تا2نوکلئوتیدهای)اتصالکاملناحیه‌یدسترسی‌پذیری

.بسته‌ترهناحیهایندرmRNAدومساختاریعنیپایین‌ترعدد•
.قابل‌قبولههنوزولی،محدودترهنسبتاًاتصالکاملناحیه‌یکهمی‌دهنشون0.1712مقدار•

________________________________________
⚖️Asymmetry (S): 0.7500

:سکانسنظرازsiRNAتوالیتقارنعدم
واردراحت‌ترراهنمارشته‌یمی‌شهباعثکهبیشتره،siRNAانتهایدوبینتفاوتیعنیبالاترعدد•

RISCبشه.
.راهنماسترشته‌یانتخاببرایمناسبتقارننشون‌دهنده‌ی0.75مقدار•

________________________________________
⚡Asymmetry (E): 0.7241

:siRNAانتهایدوبینترمودینامیکیانرژینظرازتقارنعدم

.بشهانتخاببهترراهنمارشته‌یمی‌شهباعث'3و'5انتهایبینانرژیتفاوت•
.شدهتنظیمبه‌خوبیانتهاهاانرژییعنی0.72مقدار•
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________________________________________
🌀 Self Folding: 1.0000

:برای تشکیل ساختار دوم خودش siRNAتوانایی 
.ساختار دوم داخلی نداره و کاملاً بازه siRNAیعنی 1عدد •
.هدف متصل بشه mRNAباید بدون مانع به  siRNAاین عالیه چون •

________________________________________

🔚 Free End: 1.0000
:RISCبرای ورود به  siRNAآزاد بودن انتهای 

.کاملاً آزاد و بدون ساختار مزاحم هست siRNAیعنی انتهای 1عدد •
بسیار مهمه RNAiاین ویژگی برای عملکرد مؤثر در مسیر •
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