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RNA Oligo Modifications Introduction

Gene Link specializes in the synthesis of complex RNA modified oligos, siRNA, RNA fluorescent probes with quenchers,
chimeric oligos containing various combinations of DNA, 2'O methyl bases, 2'F bases and phosphorothioate linkages.
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RNA Oligo Modifications Design Protocols

Gene Link specializes in the synthesis of complex RNA modified oligos, RNA fluorescent probes with quenchers, chimeric
oligos containing various combinations of DNA, 2'0 methyl bases, 2'F bases and phosphorothioate linkages.

RNA and 2'-O-methyl RNA oligonucleotide synthesis is performed at Gene Link using the b -cyanoethyl chemistry and state
of the art synthesizers. These involve proprietary software protocols with long coupling times and specialized cycles to obtain
ultra clean oligos.

RNA oligos are susceptible to degradation to the same extent as native RNA extracted from various sources. An attractive
alternate to prevent degradation from nucleases is the use of 2'F and 2'-O- methyl RNA bases, when specific 2'0OH is not
required. The 2'-O- methyl oligonucleotides confer considerable nuclease resistance and are similar in hydrogen bonding
properties to RNA/RNA than the lower RNA/DNA binding property. The coupling efficiency of 2'-O- methyl phosphoramidite is
also higher than the RNA monomers resulting in higher yield of full length oligos.

Gene Link also offers custom synthesis of RNA and DNA chimeric oligos with investigator specified ribo or deoxy bases or
2'-O-methyl bases. The chimeric oligos can also be synthesized with the regular phoshodiester bonds or substituted with
phosphorothioate linkages. The combination of 2'-O- methyl RNA bases with phosphorothioate internucleotide linkages
imparts these oligos greater nuclease resistance which is particularly useful for antisense studies (please refer to our
technical sheet on Antisense Oligonucleotides for other modifications). Custom phosphorothioate oligonucleotides
synthesized by Gene Link can be specified to have all the diester bonds substituted or only some selected diester linkages
depending upon the researchers experimental requirement. Substitution of all diester linkage is recommended to provide
greater nuclease resistance.
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RNA Oligo Modifications Applications

Gene Link specializes in the synthesis of complex RNA modified oligos, RNA fluorescent probes with quenchers, chimeric
oligos containing various combinations of DNA, 2'0 methyl bases, 2'F bases and phosphorothioate linkages.

RNA and 2'-O-methyl RNA oligonucleotide synthesis is performed at Gene Link using the b -cyanoethyl chemistry and state
of the art synthesizers. These involve proprietary software protocols with long coupling times and specialized cycles to obtain
ultra clean oligos.

RNA oligos are susceptible to degradation to the same extent as native RNA extracted from various sources. An attractive
alternate to prevent degradation from nucleases is the use of 2'F and 2'-O- methyl RNA bases, when specific 2'0OH is not
required. The 2'-O- methyl oligonucleotides confer considerable nuclease resistance and are similar in hydrogen bonding
properties to RNA/RNA than the lower RNA/DNA binding property. The coupling efficiency of 2'-O- methyl phosphoramidite is
also higher than the RNA monomers resulting in higher yield of full length oligos.

Gene Link also offers custom synthesis of RNA and DNA chimeric oligos with investigator specified ribo or deoxy bases or
2'-O-methyl bases. The chimeric oligos can also be synthesized with the regular phoshodiester bonds or substituted with
phosphorothioate linkages. The combination of 2'-O- methyl RNA bases with phosphorothioate internucleotide linkages
imparts these oligos greater nuclease resistance which is particularly useful for antisense studies (please refer to our
technical sheet on Antisense Oligonucleotides for other modifications). Custom phosphorothioate oligonucleotides
synthesized by Gene Link can be specified to have all the diester bonds substituted or only some selected diester linkages
depending upon the researchers experimental requirement. Substitution of all diester linkage is recommended to provide
greater nuclease resistance.

2'-Fluoro-deoxy bases are classified as a 2'-Fluoro RNA monomer. The substitution of a highly electronegative fluorine atom
for the 2'-OH group of the ribose results in the ring of a 2'-F-ribonucleoside having a C3'-endo (i.e., RNA-type) conformation.
Consequently, an RNA oligonucleotide containing a 2'-F RNA monomer adopts the more thermodynamically stable A-form
helix on hybridization to a target (1).

2'-F RNA modifications have been shown to be particularly useful in the following oligo-based applications:

(a) Anti-sense DNA oligos: When 2'-F RNA is incorporated into an anti-sense DNA oligo (resulting in a 2'-F RNA/DNA
chimeric), the Tm of its duplex with RNA increases relative to that formed by an unmodified anti-sense DNA oligo by 1.8°C
per 2'-F RNA residue added (1). The DNA/RNA duplex formed between a chimeric 2'-F-RNA/DNA anti-sense oligo and its
RNA target also is a substrate for RNase H. With respect to nuclease resistance, while 2'-F RNA nucleotides do provide
some nuclease resistance when incorporated into DNA, phosphorothiolation of the 2'-F RNA phosphodiester linkages is
recommended, because it strongly enhances such resistance. This effect becomes particularly important if the 2'-F RNA
nucleotide is to be incorporated at one or more of the first three positions of the 5'- or 3'-ends of the oligo.

(b) Aptamers: The addition of 2'-F pyrimidines (C, U) into RNA aptamers has been shown to provide them with both
considerably increased nuclease resistance and equal or higher binding affinity for their ligands, compared to the
corresponding unmodified aptamers (2,3). The incorporation of 2'-F RNA nucleotides into RNA aptamers as an optimization
strategy is becoming an increasingly common practice.

(c) siRNA: siRNA synthesized with 2'-F pyrimidines have been shown to have greatly increased stability in plasma compared
to 2'-OH siRNA (4,5). In one study, levels of inhibition for 2'-F siRNA and 2'-OH siRNA, in cell culture and in vivo using
BALB/c mice transfected with pGL3 luciferase, were similar over time (4). In another study, siRNA fully substituted with both
2'-F RNA and 2'-O-Methyl RNA nucleotides displayed not only enhanced stability in plasma, but also >500-fold increase in
capability to down-regulate gene expression compared with the corresponding unmodified siRNA (5).
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(d) LNA Alternative: The increased thermal stability and nuclease resistance provided by 2'-F RNA residues make them
attractive as lower-cost substitutes in any application involving LNA-modified oligos.
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Modificaton Code List

Modification

2'-Fluoro Bases

2'-Fluoro deoxyadenosine (2'-F-A)
2'-fluoroarabinoside-Base (FANA-N)

2'-Fluoro deoxycytosine (2'-F-C)

2'-Fluoro deoxyguanosine (2'-F-G)

2'-F Inosine (2'-F-I)

2'-Fluoro deoxyuridine (2'-F-U)
2'-0O-methoxy-ethyl Bases (2'-MOE)
2'-0O-methoxy-ethyl 5me Cytidine-(2'-MOE meC)
2'-0O-methoxy-ethyl 5me Uridine-(2'-MOE 5me U)
2'-0O-methoxy-ethyl Adenosine-(2'-MOE rA)
2'-O-methoxy-ethyl Guanosine-(2'-MOE rG)
2'-0 Me-5-Me-C

2'-O methyl adenosine A

2'-0 methyl bases

2'-0 methyl cytosine C

2'-0 methyl guanosine G

2'-0O methyl Inosine

2'-0O methyl uridine U

2-Amino Purine ribose

Code

[fN]

[fA]

[FANA-N]

[fC]

[fG]

[fl]

[fu]

[MOE-N]

[MOE-mC]

[MOE-mU]

[MOE-A]

[MOE-G]

[m5mC]

[mA]

[mN]

[mC]

[mG]

[mi]

[(mU]

[2-APr]
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Catalog Number
26-6692N
26-6692
27-6605N
26-6463
26-6693
26-6618
26-6462
27-6450N
27-6450mC
27-6450mU
27-6450A
27-6450G
27-6508
27-6410A
27-6410N
27-6410C
27-6410G
27-64101
27-6410U

27-6505

W
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http://www.genelink.com/newsite/products/mod_detail.asp?modid=443
http://www.genelink.com/newsite/products/mod_detail.asp?modid=136
http://www.genelink.com/newsite/products/mod_detail.asp?modid=552
http://www.genelink.com/newsite/products/mod_detail.asp?modid=137
http://www.genelink.com/newsite/products/mod_detail.asp?modid=135
http://www.genelink.com/newsite/products/mod_detail.asp?modid=536
http://www.genelink.com/newsite/products/mod_detail.asp?modid=83
http://www.genelink.com/newsite/products/mod_detail.asp?modid=432
http://www.genelink.com/newsite/products/mod_detail.asp?modid=451
http://www.genelink.com/newsite/products/mod_detail.asp?modid=436
http://www.genelink.com/newsite/products/mod_detail.asp?modid=433
http://www.genelink.com/newsite/products/mod_detail.asp?modid=435
http://www.genelink.com/newsite/products/mod_detail.asp?modid=197
http://www.genelink.com/newsite/products/mod_detail.asp?modid=87
http://www.genelink.com/newsite/products/mod_detail.asp?modid=444
http://www.genelink.com/newsite/products/mod_detail.asp?modid=88
http://www.genelink.com/newsite/products/mod_detail.asp?modid=89
http://www.genelink.com/newsite/products/mod_detail.asp?modid=354
http://www.genelink.com/newsite/products/mod_detail.asp?modid=90
http://www.genelink.com/newsite/products/mod_detail.asp?modid=402

3'-0 methyl bases (2'-5' linked)

3'-0 methyl rA (2'-5' linked)

3'-0 methyl rC (2'-5' linked)

3'-0 methyl rG (2'-5' linked)

3'-0 methyl rinosine (2'-5' linked)

3'-0 methyl rU (2'-5' linked)

3"rA (2'-5' linked)

3-rC (2-5' linked)

3-rG (2'-5' linked)

3-rU (2-5' linked)

5-bromo rC (5-Br rC)

5-bromo rU (5-Br rU)

5-lodo ribocytosine (5-1 C)

5-lodo ribouridine (5-1 U)

5-methyl-Cytosine [5mrC]

5-Methyl-Uridine (m5U)

8-Azanebularine ribo (8-azaN)

8-Bromo rG (8-Br rG)

8-Oxo rG riboguanosine [8-Oxo-rG]

Adenylation-5' (rApp)

Aminoallyl rU

[30mN]

[30mA]

[30mC]

[30mG]

[30mI]

[30mU]

[3rA2-5]

[3rC2-5]

[3rG2-5]

[3rU2-5]

[5-Br-rC]

[5-Br-rU]

[5-1-rC]

[5-1-rU]

[5mrC]

[m5U]

[8-AzaN]

[8-Br-rG]

[8-Oxo-rG]

[5rApp]

[AmAII-rU]

8 Westchester Plaza, Suite 130, Elmsford, NY 10523 | Tel: 914-769-1192 | Fax: 914-769-1193 | www.genelink.com |

Page 8

27-6458N
27-6458A
27-6458C
27-6458G
27-6458I
27-6458U
26-6682
26-6911
26-6912
26-6913
27-6551
27-6552
27-6553
27-6554
27-6945
27-6557
27-6606
27-6446
27-6434
26-6805

27-6548
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http://www.genelink.com/newsite/products/mod_detail.asp?modid=445
http://www.genelink.com/newsite/products/mod_detail.asp?modid=446
http://www.genelink.com/newsite/products/mod_detail.asp?modid=447
http://www.genelink.com/newsite/products/mod_detail.asp?modid=448
http://www.genelink.com/newsite/products/mod_detail.asp?modid=481
http://www.genelink.com/newsite/products/mod_detail.asp?modid=449
http://www.genelink.com/newsite/products/mod_detail.asp?modid=108
http://www.genelink.com/newsite/products/mod_detail.asp?modid=207
http://www.genelink.com/newsite/products/mod_detail.asp?modid=208
http://www.genelink.com/newsite/products/mod_detail.asp?modid=209
http://www.genelink.com/newsite/products/mod_detail.asp?modid=439
http://www.genelink.com/newsite/products/mod_detail.asp?modid=440
http://www.genelink.com/newsite/products/mod_detail.asp?modid=441
http://www.genelink.com/newsite/products/mod_detail.asp?modid=442
http://www.genelink.com/newsite/products/mod_detail.asp?modid=279
http://www.genelink.com/newsite/products/mod_detail.asp?modid=379
http://www.genelink.com/newsite/products/mod_detail.asp?modid=712
http://www.genelink.com/newsite/products/mod_detail.asp?modid=397
http://www.genelink.com/newsite/products/mod_detail.asp?modid=281
http://www.genelink.com/newsite/products/mod_detail.asp?modid=151
http://www.genelink.com/newsite/products/mod_detail.asp?modid=429

Amino C6 U (RNA)

dihydro rUracil (5-6 DH rU)

Inosine ribo [rl]

Inverted rA (reverse linkage)

Inverted rC (reverse linkage)

Inverted rG (reverse linkage)

Inverted rU (reverse linkage)

L-RNATA

L-RNArC

L-RNArG

L-RNArU

N1-methyl pseudoUridine (m1-psi rU)

N1-Methyl rAdenosine (m1A)

N3-methyl-rU [m3U]

N4-Ethyl rC [N4-Et-rC]

N6-Benzyl Adenosine (bn6A)

N6-dimethyl rA [m6-2A]

N6-isopentenyl-rA (i6a)

N6-Methyl rA (m6A)

pseudoUridine ribo (psi rU)

riboadenosine rA

[AmC6U]

[5-6-DHrU]

[rl]

[Inv-rA]

[Inv-rC]

[Inv-rG]

[Inv-rU]

[L-rA]

[L-rC]

[L-rG]

[L-rU]

[m1-psi-rU]

[m1A]

[m3U]

[N4-Et-rC]

[bn6A]

[M6-2A]

[N6-i6A]

[MBA]

[psi-rU]

[rA]
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27-6422
27-6683
27-6421
27-6441
27-6442
27-6443
27-6444
27-6941
27-6942
27-6943
27-6944
27-6532
27-6559
27-6558
27-6685
27-6604
27-6602
27-6603
27-6601
27-6531

27-6400A
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http://www.genelink.com/newsite/products/mod_detail.asp?modid=157
http://www.genelink.com/newsite/products/mod_detail.asp?modid=450
http://www.genelink.com/newsite/products/mod_detail.asp?modid=280
http://www.genelink.com/newsite/products/mod_detail.asp?modid=201
http://www.genelink.com/newsite/products/mod_detail.asp?modid=202
http://www.genelink.com/newsite/products/mod_detail.asp?modid=203
http://www.genelink.com/newsite/products/mod_detail.asp?modid=204
http://www.genelink.com/newsite/products/mod_detail.asp?modid=275
http://www.genelink.com/newsite/products/mod_detail.asp?modid=276
http://www.genelink.com/newsite/products/mod_detail.asp?modid=277
http://www.genelink.com/newsite/products/mod_detail.asp?modid=278
http://www.genelink.com/newsite/products/mod_detail.asp?modid=518
http://www.genelink.com/newsite/products/mod_detail.asp?modid=259
http://www.genelink.com/newsite/products/mod_detail.asp?modid=349
http://www.genelink.com/newsite/products/mod_detail.asp?modid=663
http://www.genelink.com/newsite/products/mod_detail.asp?modid=438
http://www.genelink.com/newsite/products/mod_detail.asp?modid=294
http://www.genelink.com/newsite/products/mod_detail.asp?modid=437
http://www.genelink.com/newsite/products/mod_detail.asp?modid=293
http://www.genelink.com/newsite/products/mod_detail.asp?modid=342
http://www.genelink.com/newsite/products/mod_detail.asp?modid=96

ribocytosine rC

riboguanosine rG

rAbasic Site (rSpacer abasic furan)

ribouridine rU

6-Thio-rG (S6-rG)

2-Thio-Uridine (s2U)

4-Thio-Uridine (s4U)

Thymidine Ribo

rZebularine
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[rGl]

[FABS]

[rU]

[S6-rG]

[s2U]

[s4U]

[rT]

[rZ]
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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2'-F Bases

Category Nuclease Resistance NHy

Modification Code fN N S

Reference Catalog Number ~ 26-6692N 5'- Oligo wwwnae _? é” | ,)

5 Prime Y 0=—0 o | :

3 Prime Y or

Internal Y 2 _Fluoro A o F

Molecular Weight(mw) 323.43 [26-6692-XX] 0 :FI"—O— wasanae Oligo -3
OH

Mixed base 2' Fluoro N has a setup charge of $250.00 per order .

Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-Fluoro-Bases (2'-F bases) is classified as a 2'-Fluoro RNA monomer. The substitution of a highly electronegative fluorine
atom for the 2'-OH group of the ribose results in the ring of a 2'-F-ribonucleoside having a C3'-endo (i.e., RNA-type)
conformation. Consequently, an RNA oligonucleotide containing a 2'-F RNA monomer adopts the more thermodynamically
stable A-form helix on hybridization to a target (1).

2'-F RNA modifications have been shown to be particularly useful in the following oligo-based applications:

(a) Anti-sense oligos & Nuclease Resistance: When 2'-F RNA is incorporated into an anti-sense DNA oligo (resulting in a 2'-F
RNA/DNA chimeric), the Tm of its duplex with RNA increases relative to that formed by an unmodified anti-sense DNA oligo
by 1.8°C per 2'-F RNA residue added (1). The DNA/RNA duplex formed between a chimeric 2'-F-RNA/DNA anti-sense oligo
and its RNA target also is a substrate for RNase H. With respect to nuclease resistance, while 2'-F RNA nucleotides do
provide some nuclease resistance when incorporated into DNA, phosphorothiolation of the 2'-F RNA phosphodiester linkages
is recommended, because it strongly enhances such resistance. This effect becomes particularly important if the 2'-F RNA
nucleotide is to be incorporated at one or more of the first three positions of the 5'- or 3'-ends of the oligo.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.
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http://www.genelink.com/oligo_modifications_reference/OMR_mod_category_intro.asp?mod_sp_cat_id=17

8C per substitution] Increased C-5 propynyl-U Increased [1.7C per substitution] Increased 2'-Fluoro Increased [1.8C per
substitution] Increased 5-Methyl-dC Increased [1.3C per substitution] Similar to DNA 2'-O Methyl Increased Increased
Phosphorothioate Slightly decreased Increased Click here for complete list of duplex stability modifications

(b) Aptamers: The addition of 2'-F pyrimidines (C, U) into RNA aptamers has been shown to provide them with both
considerably increased nuclease resistance and equal or higher binding affinity for their ligands, compared to the
corresponding unmodified aptamers (2,3). The incorporation of 2'-F RNA nucleotides into RNA aptamers as an optimization
strategy is becoming an increasingly common practice.

(c) siRNA & Nuclease Resistance: siRNA synthesized with 2'-F pyrimidines have been shown to have greatly increased
stability in plasma compared to 2'-OH siRNA (4,5). In one study, levels of inhibition for 2'-F siRNA and 2'-OH siRNA, in cell
culture and in vivo using BALB/c mice transfected with pGL3 luciferase, were similar over time (4). In another study, siRNA
fully substituted with both 2'-F RNA and 2'-O-Methyl RNA nucleotides displayed not only enhanced stability in plasma, but
also >500-fold increase in capability to down-regulate gene expression compared with the corresponding unmodified siRNA

(5).

(d) LNA Alternative: The increased thermal stability and nuclease resistance provided by 2'-F RNA residues make them
attractive as lower-cost substitutes in any application involving LNA-modified oligos.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-Fluoro-deoxyadenosine (2'-F-A) is classified as a 2'-Fluoro RNA monomer. The substitution of a highly electronegative
fluorine atom for the 2'-OH group of the ribose results in the ring of a 2'-F-ribonucleoside having a C3'-endo (i.e., RNA-type)
conformation. Consequently, an RNA oligonucleotide containing a 2'-F RNA monomer adopts the more thermodynamically
stable A-form helix on hybridization to a target (1).

2'-F RNA modifications have been shown to be particularly useful in the following oligo-based applications:

(a) Anti-sense oligos & Nuclease Resistance: When 2'-F RNA is incorporated into an anti-sense DNA oligo (resulting in a 2'-F
RNA/DNA chimeric), the Tm of its duplex with RNA increases relative to that formed by an unmodified anti-sense DNA oligo
by 1.8°C per 2'-F RNA residue added (1). The DNA/RNA duplex formed between a chimeric 2'-F-RNA/DNA anti-sense oligo
and its RNA target also is a substrate for RNase H. With respect to nuclease resistance, while 2'-F RNA nucleotides do
provide some nuclease resistance when incorporated into DNA, phosphorothiolation of the 2'-F RNA phosphodiester linkages
is recommended, because it strongly enhances such resistance. This effect becomes particularly important if the 2'-F RNA
nucleotide is to be incorporated at one or more of the first three positions of the 5'- or 3'-ends of the oligo.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.
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7C per substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per
substitution] Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased Click here for
complete list of duplex stability modifications

(b) Aptamers: The addition of 2'-F pyrimidines (C, U) into RNA aptamers has been shown to provide them with both
considerably increased nuclease resistance and equal or higher binding affinity for their ligands, compared to the
corresponding unmodified aptamers (2,3). The incorporation of 2'-F RNA nucleotides into RNA aptamers as an optimization
strategy is becoming an increasingly common practice.

(c) siRNA & Nuclease Resistance: siRNA synthesized with 2'-F pyrimidines have been shown to have greatly increased
stability in plasma compared to 2'-OH siRNA (4,5). In one study, levels of inhibition for 2'-F siRNA and 2'-OH siRNA, in cell
culture and in vivo using BALB/c mice transfected with pGL3 luciferase, were similar over time (4). In another study, siRNA
fully substituted with both 2'-F RNA and 2'-O-Methyl RNA nucleotides displayed not only enhanced stability in plasma, but
also >500-fold increase in capability to down-regulate gene expression compared with the corresponding unmodified siRNA

(5).

(d) LNA Alternative: The increased thermal stability and nuclease resistance provided by 2'-F RNA residues make them
attractive as lower-cost substitutes in any application involving LNA-modified oligos.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

REFERENCES:

1. Kawasaki, A.M., et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
2. Khati, M.; Schuman, M.; Ibrahim, J.; Sattentau, Q.; Gordon, S.; James, W. Neutralization of infectivity of diverse R5 clinical
isolates of human immunodeficiency virus type 1 by gp120-binding 2'F-RNA aptamers. J Virol, (2003). 77: 2692-8.

3. Goringer, H.U.; Adler, Annette; Forster, Nicole; Homann, Matthias. Post-SELEX Chemical Optimization of a
Trypanosome-Specific RNA Aptamer. Combinatorial Chemistry & High Throughput Screening (2008), 11: 16-23.

4. Layzer, J.M.; McCaffrey, A.P.; Tanner, A.K.; Huang, Z.; Kay, M.A.; Sullenger, B.A. In vivo activity of nuclease-resistant
siRNAs. RNA (2004), 10, 766-71.

5. Allerson, C.R.; et al. Fully 2'-modified oligonucleotide duplexes with improved in vitro potency and stability compared to
unmodified small interfering RNA. Journal of Medicinal Chemistry (2005), 48: 901-904.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

Arabinonucleosides are epimers of ribonucleosides with the chiral switch being at the 2' position of the sugar residue.
2'-F-ANA adopts a more DNA-like B-type helix conformation, not through the typical C2-endo conformation but, rather,
through an unusual O4'-endo (east) pucker. However, the presence of the electronegative fluorine leads to a still significant

increase (DTm1.29C/mod) in melting temperature per modification (1). 2'-F-ANA-containing oligonucleotides exhibit very high
binding specificity to their targets. Indeed, a single mismatch in a 2'-F-ANA-RNA duplex leads to a DTm of -7.2°C and in a

2'-F-ANA - DNA duplex a DTm of -3.99C (2).

The presence of fluorine at the 2' position in 2' F-ANA leads to increased stability to hydrolysis under basic conditions relative
to RNA and even 2'-F-RNA (1,3). The stability of 2'-F-ANA to nucleases also makes this a useful modification for enhancing
the stability of oligonucleotides in biological environments (2). 2' F-ANA hybridizes strongly to target RNA and, unlike most 2'
modifications, induces cleavage of the target by RNase H. Phosphorothioate (PS) 2' F-ANA is routinely used in these
applications due to its increased nuclease resistance. Alternating 2' F-ANA and DNA units provide among the highest
potency RNase H-activating oligomers. Both the "altimer" and "gapmer" strand architectures consistently outperform PS-DNA
and DNA/RNA gapmers (4).

siRNA oligos were found to tolerate the presence of 2'-F-ANA linkages very well. High potency gene silencing was
demonstrated5 with siRNA chimeras containing 2'-F-RNA and/or LNA and 2'-F-ANA. The high efficacy of these chimeras was
attributed to the combination of the rigid RNA-like properties of 2'-F-RNA and LNA with the DNA-like properties of 2'-F-ANA.
Additional Recommended Reading Glen Report 22.13.

References E. Viazovkina, M.M. Mangos, M.l. Elzagheid, and M.J. Damha, Curr Protoc Nucleic Acid Chem, 2002, Chapter 4,
Unit 4 15. J.K. Watts, and M.J. Damha, Can. J.
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Chem., 2008, 86, 641-656. J.K. Watts, A. Katolik, J. Viladoms, and M.J. Damha, Org Biomol Chem, 2009, 7, 1904-10. A.
Kalota, et al., Nucleic Acids Res., 2006, 34, 451. G.F. Deleavey, et al., Nucleic Acids Res., 2010, 38, 4547-4557, J.K. Watts,
et al., Nucleic Acids Res., 2007, 35, 1441-1451, T. Dowler, et al., Nucleic Acids Res., 2006, 34, 1669-1675. Intellectual
Property 2'-F-ANA is covered by intellectual property. Key patents covering siRNA and antisense applications are as follows:
WO/2009/146556 (siRNA); WO 03064441 and WO 0220773 (antisense).
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-Fluoro-cytosine (2'-F-C) is classified as a 2'-Fluoro RNA monomer. The substitution of a highly electronegative fluorine
atom for the 2'-OH group of the ribose results in the ring of a 2'-F-ribonucleoside having a C3'-endo (i.e., RNA-type)
conformation. Consequently, an RNA oligonucleotide containing a 2'-F RNA monomer adopts the more thermodynamically
stable A-form helix on hybridization to a target (1).

2'-F RNA modifications have been shown to be particularly useful in the following oligo-based applications:

(a) Anti-sense oligos & Nuclease Resistance: When 2'-F RNA is incorporated into an anti-sense DNA oligo (resulting in a 2'-F
RNA/DNA chimeric), the Tm of its duplex with RNA increases relative to that formed by an unmodified anti-sense DNA oligo
by 1.8°C per 2'-F RNA residue added (1). The DNA/RNA duplex formed between a chimeric 2'-F-RNA/DNA anti-sense oligo
and its RNA target also is a substrate for RNase H. With respect to nuclease resistance, while 2'-F RNA nucleotides do
provide some nuclease resistance when incorporated into DNA, phosphorothiolation of the 2'-F RNA phosphodiester linkages
is recommended, because it strongly enhances such resistance. This effect becomes particularly important if the 2'-F RNA
nucleotide is to be incorporated at one or more of the first three positions of the 5'- or 3'-ends of the oligo.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.
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7C per substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per
substitution] Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased Click here for
complete list of duplex stability modifications

(b) Aptamers: The addition of 2'-F pyrimidines (C, U) into RNA aptamers has been shown to provide them with both
considerably increased nuclease resistance and equal or higher binding affinity for their ligands, compared to the
corresponding unmodified aptamers (2,3). The incorporation of 2'-F RNA nucleotides into RNA aptamers as an optimization
strategy is becoming an increasingly common practice.

(c) siRNA & Nuclease Resistance: siRNA synthesized with 2'-F pyrimidines have been shown to have greatly increased
stability in plasma compared to 2'-OH siRNA (4,5). In one study, levels of inhibition for 2'-F siRNA and 2'-OH siRNA, in cell
culture and in vivo using BALB/c mice transfected with pGL3 luciferase, were similar over time (4). In another study, siRNA
fully substituted with both 2'-F RNA and 2'-O-Methyl RNA nucleotides displayed not only enhanced stability in plasma, but
also >500-fold increase in capability to down-regulate gene expression compared with the corresponding unmodified siRNA

(5).

(d) LNA Alternative: The increased thermal stability and nuclease resistance provided by 2'-F RNA residues make them
attractive as lower-cost substitutes in any application involving LNA-modified oligos.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

REFERENCES:

1. Kawasaki, A.M., et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
2. Khati, M.; Schuman, M.; Ibrahim, J.; Sattentau, Q.; Gordon, S.; James, W. Neutralization of infectivity of diverse R5 clinical
isolates of human immunodeficiency virus type 1 by gp120-binding 2'F-RNA aptamers. J Virol, (2003). 77: 2692-8.

3. Goringer, H.U.; Adler, Annette; Forster, Nicole; Homann, Matthias. Post-SELEX Chemical Optimization of a
Trypanosome-Specific RNA Aptamer. Combinatorial Chemistry & High Throughput Screening (2008), 11: 16-23.

4. Layzer, J.M.; McCaffrey, A.P.; Tanner, A.K.; Huang, Z.; Kay, M.A.; Sullenger, B.A. In vivo activity of nuclease-resistant
siRNAs. RNA (2004), 10, 766-71.

5. Allerson, C.R.; et al. Fully 2'-modified oligonucleotide duplexes with improved in vitro potency and stability compared to
unmodified small interfering RNA. Journal of Medicinal Chemistry (2005), 48: 901-904.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-Fluoro-deoxyguanosine (2'-F-G) is classified as a 2'-Fluoro RNA monomer. The substitution of a highly electronegative
fluorine atom for the 2'-OH group of the ribose results in the ring of a 2'-F-ribonucleoside having a C3'-endo (i.e., RNA-type)
conformation. Consequently, an RNA oligonucleotide containing a 2'-F RNA monomer adopts the more thermodynamically
stable A-form helix on hybridization to a target (1).

2'-F RNA modifications have been shown to be particularly useful in the following oligo-based applications:

(a) Anti-sense oligos & Nuclease Resistance: When 2'-F RNA is incorporated into an anti-sense DNA oligo (resulting in a 2'-F
RNA/DNA chimeric), the Tm of its duplex with RNA increases relative to that formed by an unmodified anti-sense DNA oligo
by 1.8°C per 2'-F RNA residue added (1). The DNA/RNA duplex formed between a chimeric 2'-F-RNA/DNA anti-sense oligo
and its RNA target also is a substrate for RNase H. With respect to nuclease resistance, while 2'-F RNA nucleotides do
provide some nuclease resistance when incorporated into DNA, phosphorothiolation of the 2'-F RNA phosphodiester linkages
is recommended, because it strongly enhances such resistance. This effect becomes particularly important if the 2'-F RNA
nucleotide is to be incorporated at one or more of the first three positions of the 5'- or 3'-ends of the oligo.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.
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7C per substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per
substitution] Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased Click here for
complete list of duplex stability modifications

(b) Aptamers: The addition of 2'-F pyrimidines (C, U) into RNA aptamers has been shown to provide them with both
considerably increased nuclease resistance and equal or higher binding affinity for their ligands, compared to the
corresponding unmodified aptamers (2,3). The incorporation of 2'-F RNA nucleotides into RNA aptamers as an optimization
strategy is becoming an increasingly common practice.

(c) siRNA & Nuclease Resistance: siRNA synthesized with 2'-F pyrimidines have been shown to have greatly increased
stability in plasma compared to 2'-OH siRNA (4,5). In one study, levels of inhibition for 2'-F siRNA and 2'-OH siRNA, in cell
culture and in vivo using BALB/c mice transfected with pGL3 luciferase, were similar over time (4). In another study, siRNA
fully substituted with both 2'-F RNA and 2'-O-Methyl RNA nucleotides displayed not only enhanced stability in plasma, but
also >500-fold increase in capability to down-regulate gene expression compared with the corresponding unmodified siRNA

(5).

(d) LNA Alternative: The increased thermal stability and nuclease resistance provided by 2'-F RNA residues make them
attractive as lower-cost substitutes in any application involving LNA-modified oligos.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

REFERENCES:

1. Kawasaki, A.M., et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
2. Khati, M.; Schuman, M.; Ibrahim, J.; Sattentau, Q.; Gordon, S.; James, W. Neutralization of infectivity of diverse R5 clinical
isolates of human immunodeficiency virus type 1 by gp120-binding 2'F-RNA aptamers. J Virol, (2003). 77: 2692-8.

3. Goringer, H.U.; Adler, Annette; Forster, Nicole; Homann, Matthias. Post-SELEX Chemical Optimization of a
Trypanosome-Specific RNA Aptamer. Combinatorial Chemistry & High Throughput Screening (2008), 11: 16-23.

4. Layzer, J.M.; McCaffrey, A.P.; Tanner, A.K.; Huang, Z.; Kay, M.A.; Sullenger, B.A. In vivo activity of nuclease-resistant
siRNAs. RNA (2004), 10, 766-71.

5. Allerson, C.R.; et al. Fully 2'-modified oligonucleotide duplexes with improved in vitro potency and stability compared to
unmodified small interfering RNA. Journal of Medicinal Chemistry (2005), 48: 901-904.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2-Fluoro Inosine (fl) is classified as a nucleotide base analog; it is structurally similar to guanosine, but is missing the 2-amino
group and in addition the 2' hydroxyl is replaced by fluoro imparting robust nuclease resistance. Because it is able to form two
hydrogen bonds with each of the four natural nucleotide bases (1), it is often used by researchers as a "universal" base
meaning that it can base pair with all the naturally-occurring bases--in synthetic oligos. dl typically is substituted for the
nucleoside at the third (‘wobble') position of codons, in order to reduce the complexity of mixed oligo PCR
primers/hybridization probes needed to deal with degenerate codons in the target DNA (2, 3). However, it is important to
remember that dl does not base pair equally well with the naturally-occurring bases, with the order of thermodynamic stability
being I-C >: I-A > |-G ~ |-T. Thermodynamic stability of inosine-containing duplexes is also affected by neighboring bases (4).
Consequently, when using dl as an alternative to mixed-base degeneracy at a particular oligo position, keep in mind that the
above base-pairing bias may lead to differences in the oligo's priming or hybridization efficiency in the corresponding
degenerate regions of the target. Because the effect could be more pronounced when dl is at the 3'-position, it may be
advisable to use primers with and without dl at the 3'-end, in order to maximize diversity of PCR products (5).

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.
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8C per substitution] Increased C-5 propynyl-U Increased [1.7C per substitution] Increased 2'-Fluoro Increased [1.8C per
substitution] Increased 5-Methyl-dC Increased [1.3C per substitution] Similar to DNA 2'-O Methyl Increased Increased
Phosphorothioate Slightly decreased Increased Click here for complete list of duplex stability modifications References
1. Oda, Y, Uesugi, S., Ikehara, M., Kawase, Y., Ohtsuka, E. NMR studies for identification of dl:dG mismatch base-pairing
structure in DNA. Nucleic Acids Res. (1991), 19: 5263-5267.

2. Liu, H., Nichols, R. PCR amplification using deoxyinosine to replace entire codon and at ambiguous
positions.Biotechniques. (1994), 16: 24-26.

3. Ohtsuka, E., Matsuki, S., Ikehara, M., Takahashi, Y., Matsubara, K. An alternative approach to deoxynucleotides as
hybridization probes by insertion of deoxyinosine at ambiguous codon positions. J. Biol. Chem. (1985), 260: 2605-2608.
4. Martin, F.H., Castro, M.M., Aboul-ela, F., Tinoco, |. Base pairing involving deoxyinosine: implications for probe design.
Nucleic Acids Res. (1985), 13: 8927-8938.

5. Ben-Dov, E., Shapiro, O.H., Siboni, N., Kushmaro, A. Advantage of Using Inosine at the 3’ Termini of 16S rRNA Gene
Universal Primers for the Study of Microbial Diversity. Appl. Environ. Microb. (2006), 72: 6902-6906.

8 Westchester Plaza, Suite 130, EImsford, NY 10523 | Tel: 914-769-1192 | Fax: 914-769-1193 | www.genelink.com | CE‘.O GEI’IE Li nkw
26-6618.pdf Print Date Version : May 20, 2025 Page 21



Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

&, &
'{rs"ﬂ Svni‘l‘-‘ac"k
For research use only. Mot for use in diagnostic procedures for clinical purposes.

2'-F-U
Category Nuclease Resistance
Modification Code fu ﬁ
Reference Catalog Number  26-6462 NH
a'= Qligo #wwnme —0 |
5 Prime Y R o
| 8]
3 Prime Y OH d
Internal Y
2’Fluoro U 0 F
Molecular Weight(mw) 308.16 [26-6462-XX] o =|_'!| —0— awanane Oligo -3

|
OH

Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-Fluoro-deoxyuridine (2'-F-U) is classified as a 2'-Fluoro RNA monomer. The substitution of a highly electronegative fluorine
atom for the 2'-OH group of the ribose results in the ring of a 2'-F-ribonucleoside having a C3'-endo (i.e., RNA-type)
conformation. Consequently, an RNA oligonucleotide containing a 2'-F RNA monomer adopts the more thermodynamically
stable A-form helix on hybridization to a target (1).

2'-F RNA modifications have been shown to be particularly useful in the following oligo-based applications:

(a) Anti-sense oligos & Nuclease Resistance: When 2'-F RNA is incorporated into an anti-sense DNA oligo (resulting in a 2'-F
RNA/DNA chimeric), the Tm of its duplex with RNA increases relative to that formed by an unmodified anti-sense DNA oligo
by 1.8°C per 2'-F RNA residue added (1). The DNA/RNA duplex formed between a chimeric 2'-F-RNA/DNA anti-sense oligo
and its RNA target also is a substrate for RNase H. With respect to nuclease resistance, while 2'-F RNA nucleotides do
provide some nuclease resistance when incorporated into DNA, phosphorothiolation of the 2'-F RNA phosphodiester linkages
is recommended, because it strongly enhances such resistance. This effect becomes particularly important if the 2'-F RNA
nucleotide is to be incorporated at one or more of the first three positions of the 5'- or 3'-ends of the oligo.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.
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7C per substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per
substitution] Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased Click here for
complete list of duplex stability modifications

(b) Aptamers: The addition of 2'-F pyrimidines (C, U) into RNA aptamers has been shown to provide them with both
considerably increased nuclease resistance and equal or higher binding affinity for their ligands, compared to the
corresponding unmodified aptamers (2,3). The incorporation of 2'-F RNA nucleotides into RNA aptamers as an optimization
strategy is becoming an increasingly common practice.

(c) siRNA & Nuclease Resistance: siRNA synthesized with 2'-F pyrimidines have been shown to have greatly increased
stability in plasma compared to 2'-OH siRNA (4,5). In one study, levels of inhibition for 2'-F siRNA and 2'-OH siRNA, in cell
culture and in vivo using BALB/c mice transfected with pGL3 luciferase, were similar over time (4). In another study, siRNA
fully substituted with both 2'-F RNA and 2'-O-Methyl RNA nucleotides displayed not only enhanced stability in plasma, but
also >500-fold increase in capability to down-regulate gene expression compared with the corresponding unmodified siRNA

(5).

(d) LNA Alternative: The increased thermal stability and nuclease resistance provided by 2'-F RNA residues make them
attractive as lower-cost substitutes in any application involving LNA-modified oligos.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-O-Methyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers.

Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to five
chemically modified nucleotides'(LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
Usually all the phosphodiester linkages are converted to phosphorothioate.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-O-Methyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers.

Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to five
chemically modified nucleotides'(LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
Usually all the phosphodiester linkages are converted to phosphorothioate.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-O-Methyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers.

Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to five
chemically modified nucleotides'(LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
Usually all the phosphodiester linkages are converted to phosphorothioate.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-O-Methyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers.

Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to five
chemically modified nucleotides'(LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
Usually all the phosphodiester linkages are converted to phosphorothioate.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-O-Methyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers.

Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to five
chemically modified nucleotides'(LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
Usually all the phosphodiester linkages are converted to phosphorothioate.

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-OMethyl-5-methyl cytosine (2'-OMe-5-Me-C) is an RNA monomer that pairs with G, and when substituted for C in an
oligonucleotide, both increases the stability of the resulting duplex relative to the comparable unmodified form, and confers
nuclease resistance at that position(1). This "double-methylated"-modified cytosine thus is an excellent choice for
incorporation into anti-sense oligos, where both properties are particularly desirable. Furthermore, because anti-sense
oligonucleotides containing a CpG motif are known to induce pro-inflammatory responses after in vivo administration to
animals, including human, via activation of Toll-like receptor 9 (TLR9), substitution of 2'-OMe-5-Me-dC for C in these motifs
can prevent or sharply reduce these undesirable immune responses (2,3).

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification

Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.7C per

substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per substitution]
Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased
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Patent No. 2007073149, filed Dec 22. 2005, issued June 28, 2007. 2. Henry, S.P.; Stecker, K.; Brooks, D.; Monteith, D.;
Conklin, B.; Bennett, C.F. Chemically modified oligonucleotides exhibit decreased immune stimulation in mice. J. Pharmacol.
Exp. Ther. (2000), 292: 468-479.
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Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.

Category Nuclease Resistance
e . NH:_;.
Modification Code mA
H T
Reference Catalog Number — 27-6410A 5'- Olig o mwWw—O <f | |
-
5 Prime Y 0=p—0 o ! N
3 Prime Y OH
Internal Y .
2 -0-Methyl A ! O—CH3
Molecular Weight(mw) 343.24 [27-6410-XX] o ﬂJ—D Oligo -3'
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-O-Methyl bases are classified as a 2'-O-Methyl RNA monomer. 2'-O-Methyl nucleotides are most commonly used to
confer nuclease resistance to an oligo designed for anti-sense, siRNA or aptamer-based research, diagnostic or
therapeutic purposes, when specific 2'-OH is not required. Nuclease resistance can be further enhanced by
phosphorothiolation of appropriate internucleotide linkages within the oligo.

The hydrogen bonding behavior of a 2'-O-Methyl RNA/RNA base pair is closer to that of an RNA/RNA base pair than a
DNA/RNA base pair. Consequently, the presence of 2'-O-Methyl nucleotides improves duplex stability. Indeed,
incorporation of a 2'-O-Methyl nucleotide into an anti-sense oligo (resulting in a 2'-O-Methyl RNA/DNA chimeric), lead to a

increase in the Tm of its duplex with RNA, relative to that formed by an unmodified anti-sense DNA oligo, of 1.3°C per
2'-0-Methyl RNA residue added (2). Moreover, from a synthesis standpoint, the coupling efficiency of 2'-O-Methyl
phosphoramidites are higher than those of RNA monomers, resulting in higher yield of full-length oligos.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.7C per
substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per substitution]
Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased
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of duplex stability modifications

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

References

1. Cotton, M.; Oberhauser, B.; Burnar, H. et al. 2'0 methyl and 2'O ethyl oligoribonucleotides as inhibitors of the in vitro U7
snRNP-dependent messenger-RNA processing event. Nucleic Acids Res. (1991) , 19:2629-2635.

2. Kawasaki, A.M. et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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Modification Code mN
) N
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Mixed base 2'-O methyl N has a setup charge of $250.00 per order.

Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-O-Methyl bases are classified as a 2'-O-Methyl RNA monomer. 2'-O-Methyl nucleotides are most commonly used to
confer nuclease resistance to an oligo designed for anti-sense, siRNA or aptamer-based research, diagnostic or
therapeutic purposes, when specific 2'-OH is not required. Nuclease resistance can be further enhanced by
phosphorothiolation of appropriate internucleotide linkages within the oligo.

The hydrogen bonding behavior of a 2'-O-Methyl RNA/RNA base pair is closer to that of an RNA/RNA base pair than a
DNA/RNA base pair. Consequently, the presence of 2'-O-Methyl nucleotides improves duplex stability. Indeed,
incorporation of a 2'-O-Methyl nucleotide into an anti-sense oligo (resulting in a 2'-O-Methyl RNA/DNA chimeric), lead to a
increase in the Tm of its duplex with RNA, relative to that formed by an unmodified anti-sense DNA oligo, of 1.3°C per
2'-0-Methyl RNA residue added (2). Moreover, from a synthesis standpoint, the coupling efficiency of 2'-O-Methyl
phosphoramidites are higher than those of RNA monomers, resulting in higher yield of full-length oligos.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]
Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per

substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.7C per
substitution] Increased 2'-Fluoro Increased [1.
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8C per substitution] Increased 5-Methyl-dC Increased [1.3C per substitution] Similar to DNA 2'-O Methyl Increased Increased
Phosphorothioate Slightly decreased Increased Click here for complete list of duplex stability modifications

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

References

1. Cotton, M.; Oberhauser, B.; Burnar, H. et al. 2'0 methyl and 2'O ethyl oligoribonucleotides as inhibitors of the in vitro U7
snRNP-dependent messenger-RNA processing event. Nucleic Acids Res. (1991) , 19:2629-2635.

2. Kawasaki, A.M. et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications
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For research use only. Mot for use in diagnostic procedures for clinical purposes.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-O-Methyl bases are classified as a 2'-O-Methyl RNA monomer. 2'-O-Methyl nucleotides are most commonly used to
confer nuclease resistance to an oligo designed for anti-sense, siRNA or aptamer-based research, diagnostic or
therapeutic purposes, when specific 2'-OH is not required. Nuclease resistance can be further enhanced by
phosphorothiolation of appropriate internucleotide linkages within the oligo.

The hydrogen bonding behavior of a 2'-O-Methyl RNA/RNA base pair is closer to that of an RNA/RNA base pair than a
DNA/RNA base pair. Consequently, the presence of 2'-O-Methyl nucleotides improves duplex stability. Indeed,
incorporation of a 2'-O-Methyl nucleotide into an anti-sense oligo (resulting in a 2'-O-Methyl RNA/DNA chimeric), lead to a
increase in the Tm of its duplex with RNA, relative to that formed by an unmodified anti-sense DNA oligo, of 1.3°C per
2'-0-Methyl RNA residue added (2). Moreover, from a synthesis standpoint, the coupling efficiency of 2'-O-Methyl
phosphoramidites are higher than those of RNA monomers, resulting in higher yield of full-length oligos.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification

Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.7C per

substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per substitution]
Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased
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of duplex stability modifications

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

References

1. Cotton, M.; Oberhauser, B.; Burnar, H. et al. 2'0 methyl and 2'O ethyl oligoribonucleotides as inhibitors of the in vitro U7
snRNP-dependent messenger-RNA processing event. Nucleic Acids Res. (1991) , 19:2629-2635.

2. Kawasaki, A.M. et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications
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For research use only. Mot for use in diagnostic procedures for clinical purposes.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-O-Methyl bases are classified as a 2'-O-Methyl RNA monomer. 2'-O-Methyl nucleotides are most commonly used to
confer nuclease resistance to an oligo designed for anti-sense, siRNA or aptamer-based research, diagnostic or
therapeutic purposes, when specific 2'-OH is not required. Nuclease resistance can be further enhanced by
phosphorothiolation of appropriate internucleotide linkages within the oligo.

The hydrogen bonding behavior of a 2'-O-Methyl RNA/RNA base pair is closer to that of an RNA/RNA base pair than a
DNA/RNA base pair. Consequently, the presence of 2'-O-Methyl nucleotides improves duplex stability. Indeed,
incorporation of a 2'-O-Methyl nucleotide into an anti-sense oligo (resulting in a 2'-O-Methyl RNA/DNA chimeric), lead to a

increase in the Tm of its duplex with RNA, relative to that formed by an unmodified anti-sense DNA oligo, of 1.3°C per
2'-0-Methyl RNA residue added (2). Moreover, from a synthesis standpoint, the coupling efficiency of 2'-O-Methyl
phosphoramidites are higher than those of RNA monomers, resulting in higher yield of full-length oligos.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification

Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.7C per

substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per substitution]
Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased
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of duplex stability modifications

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

References

1. Cotton, M.; Oberhauser, B.; Burnar, H. et al. 2'0 methyl and 2'O ethyl oligoribonucleotides as inhibitors of the in vitro U7
snRNP-dependent messenger-RNA processing event. Nucleic Acids Res. (1991) , 19:2629-2635.

2. Kawasaki, A.M. et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications
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For research use only. Mot for use in diagnostic procedures for clinical purposes.

2'-0 methyl Inosine
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-O-Methyl inosine is classified as a 2'-O-Methyl RNA monomer. 2'-O-Methyl nucleotides are most commonly used to confer
nuclease resistance to an oligo designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic
purposes, when specific 2'-OH is not required. Nuclease resistance can be further enhanced by phosphorothiolation of
appropriate internucleotide linkages within the oligo.

2'-O-Methyl bases are classified as a 2'-O-Methyl RNA monomer. 2'-O-Methyl nucleotides are most commonly used to
confer nuclease resistance to an oligo designed for anti-sense, siRNA or aptamer-based research, diagnostic or
therapeutic purposes, when specific 2'-OH is not required. Nuclease resistance can be further enhanced by
phosphorothiolation of appropriate internucleotide linkages within the oligo.

The hydrogen bonding behavior of a 2'-O-Methyl RNA/RNA base pair is closer to that of an RNA/RNA base pair than a
DNA/RNA base pair. Consequently, the presence of 2'-O-Methyl nucleotides improves duplex stability. Indeed,
incorporation of a 2'-O-Methyl nucleotide into an anti-sense oligo (resulting in a 2'-O-Methyl RNA/DNA chimeric), lead to a
increase in the Tm of its duplex with RNA, relative to that formed by an unmodified anti-sense DNA oligo, of 1.3°C per
2'-0-Methyl RNA residue added (2). Moreover, from a synthesis standpoint, the coupling efficiency of 2'-O-Methyl
phosphoramidites are higher than those of RNA monomers, resulting in higher yield of full-length oligos.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification
Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.

8 Westchester Plaza, Suite 130, EImsford, NY 10523 | Tel: 914-769-1192 | Fax: 914-769-1193 | www.genelink.com | 0{}.0 GETI'E LinkT“
27-64101.pdf Print Date Version : May 20, 2025 Page 41


http://www.genelink.com/oligo_modifications_reference/OMR_mod_category_intro.asp?mod_sp_cat_id=17

8C per substitution] Increased C-5 propynyl-U Increased [1.7C per substitution] Increased 2'-Fluoro Increased [1.8C per
substitution] Increased 5-Methyl-dC Increased [1.3C per substitution] Similar to DNA 2'-O Methyl Increased Increased
Phosphorothioate Slightly decreased Increased Click here for complete list of duplex stability modifications

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

References

1. Cotton, M.; Oberhauser, B.; Burnar, H. ef al. 2'0 methyl and 2'O ethyl oligoribonucleotides as inhibitors of the in vitro U7
snRNP-dependent messenger-RNA processing event. Nucleic Acids Res. (1991) , 19:2629-2635.

2. Kawasaki, A.M. et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications
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For research use only. Mot for use in diagnostic procedures for clinical purposes.

2'-0 methyl U

Category Nuclease Resistance
Modification Code muU I3|
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

2'-O-Methyl bases are classified as a 2'-O-Methyl RNA monomer. 2'-O-Methyl nucleotides are most commonly used to
confer nuclease resistance to an oligo designed for anti-sense, siRNA or aptamer-based research, diagnostic or
therapeutic purposes, when specific 2'-OH is not required. Nuclease resistance can be further enhanced by
phosphorothiolation of appropriate internucleotide linkages within the oligo.

The hydrogen bonding behavior of a 2'-O-Methyl RNA/RNA base pair is closer to that of an RNA/RNA base pair than a
DNA/RNA base pair. Consequently, the presence of 2'-O-Methyl nucleotides improves duplex stability. Indeed,
incorporation of a 2'-O-Methyl nucleotide into an anti-sense oligo (resulting in a 2'-O-Methyl RNA/DNA chimeric), lead to a
increase in the Tm of its duplex with RNA, relative to that formed by an unmodified anti-sense DNA oligo, of 1.3°C per
2'-0-Methyl RNA residue added (2). Moreover, from a synthesis standpoint, the coupling efficiency of 2'-O-Methyl
phosphoramidites are higher than those of RNA monomers, resulting in higher yield of full-length oligos.

Modifications Increasing Duplex Stability and Nuclease Resistance

Modification

Duplex Stability [Tm Increase]

Nuclease Resistance Locked Analog Bases Increased [2- 4C per substitution] Increased 2-Amino-dA Increased [3.0C per
substitution] Similar to DNA C-5 propynyl-C Increased [2.8C per substitution] Increased C-5 propynyl-U Increased [1.7C per

substitution] Increased 2'-Fluoro Increased [1.8C per substitution] Increased 5-Methyl-dC Increased [1.3C per substitution]
Similar to DNA 2'-O Methyl Increased Increased Phosphorothioate Slightly decreased Increased
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of duplex stability modifications

ASO's and siRNA Modifications.
Click this link to view ASO's and siRNA Modifications.

ASO's and siRNA Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for
their clinical therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can
cross the lipid membrane. Cholesterol TEG, alpha-Tocopherol TEG ( a natural isomer of vitamin E), stearyl and GalNAc
modifications have been shown to effective for delivery of ASO's and siRNA in addition to cell penetrating peptides.

Click this link to view these modifications.

References

1. Cotton, M.; Oberhauser, B.; Burnar, H. et al. 2'0 methyl and 2'O ethyl oligoribonucleotides as inhibitors of the in vitro U7
snRNP-dependent messenger-RNA processing event. Nucleic Acids Res. (1991) , 19:2629-2635.

2. Kawasaki, A.M. et al., Uniformly modified 2'-deoxy-2'-fluoro phosphorothioate oligonucleotides as nuclease resistant
antisense compounds with high affinity and specificity for RNA targets, Journal of Medicinal Chemistry (1993), 36: 831-841.
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
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Oligo Modifications
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2-Amino Purine ribose
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5 Prime Y OH
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Deletion of the O6 carbonyl group of guanosine results in 2-aminopurine riboside (2-AP). The hydrogen bonding pattern of
the 2-aminopurine nucleobase (N1 acceptor, H-N2 donor) is isomeric with that of adenosine (N1 acceptor, H-N6 donor).
2-Amino Purine (2-AP) is a fluorescent molecule that is classified as an adenine and guanine analog, and thus can pair with
both thymine and cytosine bases (1). It is an attractive choice for use as a probe in nucleic acid secondary structural studies,
both because its fluorescence is highly sensitive to the nature of the local environment, and because it usually does not
significantly affect duplex stability (2). Examples include the hairpin-loop structure of the (CAG)8 repeat, involved in several
neurodegenerative disorders—2AP substituted for A (3), the G-quadruplex telomeric structure [AGGG(TTAGGG)3]—2AP
substitute for A (4). 2-AP also has been used to characterize the effects of DNA mismatch repair on mutagenesis induced by
several different nucleoside analogs (5).

2-Amino purine nucleoside allows the study of the role of exocyclic functional groups, base stacking, and hydrogen bonding
patterns in purine-containing nucleic acids. For example, replacement of guanosine residues with 2-AP in the core region of
hammerhead ribozymes was useful in determining their role in stabilizing the transition state of ribozyme cleavage (6). The
nature of hydrogen-bonding between G-A mismatches in RNA internal loops was studied with 2-AP (7). The role of
hydrogen-bonding and stacking interactions in the stability of GNRA loops was probed using 2-AP substitutions (8). The
thermodynamic parameters for RNA loops of the type (A)n were determined using time-resolved spectrofluorimetry on RNAs
bearing 2-AP residues in place of A residues, since 2-AP is blue fluorescent and was found to have properties in the (A)n
region that were otherwise very similar to adenosine (9). In this sense, 2-AP can be used as a non-invasive conformational
probe in RNA studies. Of the different phosphoramidites that have been used for 2-aminopurine riboside incorporation into
RNA oligonucleotides (6-10), we have chosen to offer 2-Aminopurine riboside CEP in the particular form shown (6,9) which
appears to offer the best results in RNA synthesis yield and purity. References

Jean JM, Hall KB (2001). "2-Aminopurine fluorescence quenching and lifetimes: role of base stacking".
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Oligo Modifications
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3'-0O methyl bases

Category Antisense 5- Oligo wwwny — o— Base
e}

Modification Code 30mN
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D '
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CH3 p=p-0 —wunan Oligo -3'
3 Prime Y Hc')
Internal Y 2'-5' linkage for internal sites
Molecular Weight(mw) 386.55 3'-0-Methyl Base

[27-6458N-XX]

Mixed base N has a setup charge of $250.00 per order.

Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

3'-0O methyl bases (3'-Ome) form a 2'-5' phosphodiester linkage when placed internally. A single
3'-0O methyl base modification at the 3' end will have a hydroxyl group at the 2' end and 3'-O
methyl at the 3' end, this will prevent the oligo from extension by polymerases.

3'-O methyl bases (3'-Ome)-(2'-5' linked), are used to substitute 2'-5' phosphodiester linkages for the usual 3'-5'
phosphodiester linkages at some or all positions of an oligonucleotide. Oligonucleotides containing all, or primarily, 2', 5'-
phosphodiester linkages selectively bind to complementary single-stranded 3', 5'- RNA over comparable 3', 5'- DNA.
Presumably this selectively is a consequence of the 2', 5'- linkages destabilizing duplexes formed with 3', 5'- DNA more than
those formed with 3', 5'-RNA, leading to 2'-5'- RNA:3', 5'- DNA duplexes having much lower Tm than the corresponding 2'-5'-
RNA:3'- 5'-RNA duplexes. This property means that RNA oligos containing such linkages could be useful in anti-sense
applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular RNA.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-OMethyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers. Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to
five chemically modified nucleotides (LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
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Usually all the phosphodiester linkages are converted to phosphorothioate.

Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for their clinical
therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can cross the lipid
membrane. The following list of modifications are suitable for delivery system in addition to cell penetrating peptides.
Cholesterol

Tocopherol (alpha-tocopherol, a natural isomer of vitamin E)

PEG

Gene Link™
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
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Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

3'-O methyl bases (3'-Ome) form a 2'-5' phosphodiester linkage when placed internally. A single
3'-0O methyl base modification at the 3' end will have a hydroxyl group at the 2' end and 3'-O
methyl at the 3' end, this will prevent the oligo from extension by polymerases.

3'-O methyl bases (3'-Ome)-(2'-5' linked), are used to substitute 2'-5' phosphodiester linkages for the usual 3'-5'
phosphodiester linkages at some or all positions of an oligonucleotide. Oligonucleotides containing all, or primarily, 2', 5'-
phosphodiester linkages selectively bind to complementary single-stranded 3', 5'- RNA over comparable 3', 5'- DNA.
Presumably this selectively is a consequence of the 2', 5'- linkages destabilizing duplexes formed with 3', 5'- DNA more than
those formed with 3', 5'-RNA, leading to 2'-5'- RNA:3', 5'- DNA duplexes having much lower Tm than the corresponding 2'-5'-
RNA:3'- 5'-RNA duplexes. This property means that RNA oligos containing such linkages could be useful in anti-sense
applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular RNA.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-OMethyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers. Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to
five chemically modified nucleotides (LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
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Usually all the phosphodiester linkages are converted to phosphorothioate.

Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for their clinical
therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can cross the lipid
membrane. The following list of modifications are suitable for delivery system in addition to cell penetrating peptides.
Cholesterol

Tocopherol (alpha-tocopherol, a natural isomer of vitamin E)

PEG

Gene Link™

8 Westchester Plaza, Suite 130, EImsford, NY 10523 | Tel: 914-769-1192 | Fax: 914-769-1193 | www.genelink.com |
27-6458A.pdf Print Date Version : May 20, 2025 Page 49

W



Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
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Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

3'-O methyl bases (3'-Ome) form a 2'-5' phosphodiester linkage when placed internally. A single
3'-0O methyl base modification at the 3' end will have a hydroxyl group at the 2' end and 3'-O
methyl at the 3' end, this will prevent the oligo from extension by polymerases.

3'-O methyl bases (3'-Ome)-(2'-5' linked), are used to substitute 2'-5' phosphodiester linkages for the usual 3'-5'
phosphodiester linkages at some or all positions of an oligonucleotide. Oligonucleotides containing all, or primarily, 2', 5'-
phosphodiester linkages selectively bind to complementary single-stranded 3', 5'- RNA over comparable 3', 5'- DNA.
Presumably this selectively is a consequence of the 2', 5'- linkages destabilizing duplexes formed with 3', 5'- DNA more than
those formed with 3', 5'-RNA, leading to 2'-5'- RNA:3', 5'- DNA duplexes having much lower Tm than the corresponding 2'-5'-
RNA:3'- 5'-RNA duplexes. This property means that RNA oligos containing such linkages could be useful in anti-sense
applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular RNA.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-OMethyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers. Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to
five chemically modified nucleotides (LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
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Usually all the phosphodiester linkages are converted to phosphorothioate.

Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for their clinical
therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can cross the lipid
membrane. The following list of modifications are suitable for delivery system in addition to cell penetrating peptides.
Cholesterol

Tocopherol (alpha-tocopherol, a natural isomer of vitamin E)

PEG

Gene Link™
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Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

3'-O methyl bases (3'-Ome) form a 2'-5' phosphodiester linkage when placed internally. A single
3'-0O methyl base modification at the 3' end will have a hydroxyl group at the 2' end and 3'-O
methyl at the 3' end, this will prevent the oligo from extension by polymerases.

3'-O methyl bases (3'-Ome)-(2'-5' linked), are used to substitute 2'-5' phosphodiester linkages for the usual 3'-5'
phosphodiester linkages at some or all positions of an oligonucleotide. Oligonucleotides containing all, or primarily, 2', 5'-
phosphodiester linkages selectively bind to complementary single-stranded 3', 5'- RNA over comparable 3', 5'- DNA.
Presumably this selectively is a consequence of the 2', 5'- linkages destabilizing duplexes formed with 3', 5'- DNA more than
those formed with 3', 5'-RNA, leading to 2'-5'- RNA:3', 5'- DNA duplexes having much lower Tm than the corresponding 2'-5'-
RNA:3'- 5'-RNA duplexes. This property means that RNA oligos containing such linkages could be useful in anti-sense
applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular RNA.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-OMethyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers. Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to
five chemically modified nucleotides (LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
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Usually all the phosphodiester linkages are converted to phosphorothioate.

Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for their clinical
therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can cross the lipid
membrane. The following list of modifications are suitable for delivery system in addition to cell penetrating peptides.
Cholesterol

Tocopherol (alpha-tocopherol, a natural isomer of vitamin E)

PEG

Gene Link™
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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Molecular Weight(mw) 343.24

Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

3'-O methyl bases (3'-Ome) form a 2'-5' phosphodiester linkage when placed internally. A single
3'-0O methyl base modification at the 3' end will have a hydroxyl group at the 2' end and 3'-O
methyl at the 3' end, this will prevent the oligo from extension by polymerases.

3'-O methyl bases (3'-Ome)-(2'-5' linked), are used to substitute 2'-5' phosphodiester linkages for the usual 3'-5'
phosphodiester linkages at some or all positions of an oligonucleotide. Oligonucleotides containing all, or primarily, 2', 5'-
phosphodiester linkages selectively bind to complementary single-stranded 3', 5'- RNA over comparable 3', 5'- DNA.
Presumably this selectively is a consequence of the 2', 5'- linkages destabilizing duplexes formed with 3', 5'- DNA more than
those formed with 3', 5'-RNA, leading to 2'-5'- RNA:3', 5'- DNA duplexes having much lower Tm than the corresponding 2'-5'-
RNA:3'- 5'-RNA duplexes. This property means that RNA oligos containing such linkages could be useful in anti-sense
applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular RNA.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-OMethyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers. Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to
five chemically modified nucleotides (LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
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Usually all the phosphodiester linkages are converted to phosphorothioate.

Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for their clinical
therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can cross the lipid
membrane. The following list of modifications are suitable for delivery system in addition to cell penetrating peptides.
Cholesterol

Tocopherol (alpha-tocopherol, a natural isomer of vitamin E)

PEG

Gene Link™
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Oligo Modifications
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Antisense Oligos (ODN) & siRNA Oligo Modifications
Click here for more information on antisense modifications, design & applications.

3'-O methyl bases (3'-Ome) form a 2'-5' phosphodiester linkage when placed internally. A single
3'-0O methyl base modification at the 3' end will have a hydroxyl group at the 2' end and 3'-O
methyl at the 3' end, this will prevent the oligo from extension by polymerases.

3'-O methyl bases (3'-Ome)-(2'-5' linked), are used to substitute 2'-5' phosphodiester linkages for the usual 3'-5'
phosphodiester linkages at some or all positions of an oligonucleotide. Oligonucleotides containing all, or primarily, 2', 5'-
phosphodiester linkages selectively bind to complementary single-stranded 3', 5'- RNA over comparable 3', 5'- DNA.
Presumably this selectively is a consequence of the 2', 5'- linkages destabilizing duplexes formed with 3', 5'- DNA more than
those formed with 3', 5'-RNA, leading to 2'-5'- RNA:3', 5'- DNA duplexes having much lower Tm than the corresponding 2'-5'-
RNA:3'- 5'-RNA duplexes. This property means that RNA oligos containing such linkages could be useful in anti-sense
applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular RNA.

Antisense oligonucleotides (ASOs) and small interfering RNA (siRNA) are both recognized therapeutic agents for the
silencing of specific genes at the posttranscriptional level. Chemical modifications, particularly 2'-O-(2-Methoxyethyl)-
oligoribonucleotides (2'-O-MOE bases) and 2'-OMethyl bases are commonly used to confer nuclease resistance to an oligo
designed for anti-sense, siRNA or aptamer-based research, diagnostic or therapeutic purposes, when specific 2'-OH is not
required.

Nuclease resistance can be further enhanced by phosphorothiolation of appropriate phosphodiester linkages within the oligo.
These modifications confers nuclease resistance, high binding affinity towards complementary RNA, reduced unspecific
protein binding and extended half-life in tissues.

Gapmers. Currently, the mainstream of the ASO is gapmer design ASOs. Gapmer design oligonucleotides, contain two to
five chemically modified nucleotides (LNA, 2'-O methyl or 2'-O-MOE RNA) as 'wings' at each terminus flanking a central 5- to
10-base 'gap’ of DNA, enable cleavage of the target mMRNA by RNase H, which recognizes DNA/RNA heteroduplexes.
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Usually all the phosphodiester linkages are converted to phosphorothioate.

Delivery. The development of effective delivery systems for antisense oligonucleotides is essential for their clinical
therapeutic application. The most common delivery system involves a relatively hydrophobic molecule that can cross the lipid
membrane. The following list of modifications are suitable for delivery system in addition to cell penetrating peptides.
Cholesterol

Tocopherol (alpha-tocopherol, a natural isomer of vitamin E)

PEG

Gene Link™
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Product Specifications

Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
Fluorescent dyes, Affinity Ligands, Spacers & Linkers, Duplex Stabilizers,
Minor bases, labeled oligos, Molecular Beacons, siRMA, phosphonates
Locked Mucleic Acids (LMNA)Y; 2°-5 linked Oligos

Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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3'-riboadenosine (3'-rA)-(2'-5' linked), and the other three 3'-ribonucleotide (2',5'-linked) modifications are used to substitute
2'-5' phosphodiester linkages for the usual 3'-5' phosphodiester linkages at some or all positions of an oligonucleotide.
Oligonucleotides containing all, or primarily, 2',5'-phosphodiester linkages selectively bind to complementary single-stranded
3',5'-RNA over comparable 3',5'-DNA (1). Presumably this selectively is a consequence of the 2',5'-linkages destabilizing
duplexes formed with 3',5'-DNA more than those formed with 3',5'-RNA, leading to 2'5'-RNA:3',5'-DNA duplexes having much
lower Tm than the corresponding 2'5'-RNA:3',5'-RNA duplexes. This property means that RNA oligos containing such
linkages could be useful in anti-sense applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular
RNA.

A interesting application of the 3'-rA-(2',5'-linked) modification is as an activator for 2-5A dependent RNAse to direct it to
cleave unique RNA sequences (2). In this approach, the 5'-phosphorylated, 2',5'-linked tetramer p5'A2'p5'A2'p5'A2'p5'A
(abbreviated "2-5A" as covalently linked to anti-sense oligo, resulting in the chimera (2-5A:AS). The AS sequence of 2-5A:AS
bound to a particular ssRNA target sequence, and he 2-5A activator sequence activated 2-5A-dependent RNA, causeing it to
cleave the target after UpUp and UpA motifs. Selectively targeted destruction of ssRNA in vivo via this approach has potential
applications for therapeutic control of gene expression in such diseases as cancer, viral infections, and certain genetic
disorders. References

1. Giannaris, P.A.; Damha, M.J. Oligoribonucleotides containing 2',5'-phosphodiester linkages exhibit binding selectivity for
3',5'-RNA over 3',5'-ssDNA. Nucleic Acids Res (1993), 21: 4742-4749.

2. Torrence, P.F.; Maitra, R.K,; Lesiak, K.; Khamnei, S.; Zhou, A.; Silverman, R.H. Targeting RNA for degradation with a
(2'-5') oligoadenylate-antisense chimera. Proc. Natl. Acad. Sci. USA (1992), 90: 1300-1304.
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Custormn Oligo Synthesis, antisense oligos, RNA oligos, chimerc oligos,
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Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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3'-ribocytidine (3'-rC)-(2'-5' linked), and the other three 3'-ribonucleotide (2',5'-linked) modifications are used to substitute 2'-5'
phosphodiester linkages for the usual 3'-5' phosphodiester linkages at some or all positions of an oligonucleotide.
Oligonucleotides containing all, or primarily, 2',5'-phosphodiester linkages selectively bind to complementary single-stranded
3',5'-RNA over comparable 3',5'-DNA (1). Presumably this selectively is a consequence of the 2',5'-linkages destabilizing
duplexes formed with 3',5'-DNA more than those formed with 3',5'-RNA, leading to 2'5'-RNA:3',5'-DNA duplexes having much
lower Tm than the corresponding 2'5'-RNA:3',5'-RNA duplexes. This property means that RNA oligos containing such
linkages could be useful in anti-sense applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular
RNA.

A interesting application of the 3'-rA-(2',5'-linked) modification is as an activator for 2-5A dependent RNAse to direct it to
cleave unique RNA sequences (2). In this approach, the 5'-phosphorylated, 2',5'-linked tetramer p5'A2'p5'A2'p5'A2'p5'A
(abbreviated "2-5A" as covalently linked to anti-sense oligo, resulting in the chimera (2-5A:AS). The AS sequence of 2-5A:AS
bound to a particular ssRNA target sequence, and he 2-5A activator sequence activated 2-5A-dependent RNA, causeing it to
cleave the target after UpUp and UpA motifs. Selectively targeted destruction of ssRNA in vivo via this approach has potential
applications for therapeutic control of gene expression in such diseases as cancer, viral infections, and certain genetic
disorders. References

1. Giannaris, P.A.; Damha, M.J. Oligoribonucleotides containing 2',5'-phosphodiester linkages exhibit binding selectivity for
3',5'-RNA over 3',5'-ssDNA. Nucleic Acids Res (1993), 21: 4742-4749.

2. Torrence, P.F.; Maitra, R.K,; Lesiak, K.; Khamnei, S.; Zhou, A.; Silverman, R.H. Targeting RNA for degradation with a
(2'-5') oligoadenylate-antisense chimera. Proc. Natl. Acad. Sci. USA (1992), 90: 1300-1304.
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Oligo Modifications

For research use only. Mot for use in diagnostic procedures for clinical purposes.
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3'-riboguanosine(3'-rG)-(2'-5' linked), and the other three 3'-ribonucleotide (2',5'-linked) modifications are used to substitute
2'-5' phosphodiester linkages for the usual 3'-5' phosphodiester linkages at some or all positions of an oligonucleotide.
Oligonucleotides containing all, or primarily, 2',5'-phosphodiester linkages selectively bind to complementary single-stranded
3',5'-RNA over comparable 3',5'-DNA (1). Presumably this selectively is a consequence of the 2',5'-linkages destabilizing
duplexes formed with 3',5'-DNA more than those formed with 3',5'-RNA, leading to 2'5'-RNA:3',5'-DNA duplexes having much
lower Tm than the corresponding 2'5'-RNA:3',5'-RNA duplexes. This property means that RNA oligos containing such
linkages could be useful in anti-sense applications, as ssRNA-specific probes, or as ligands for affinity purification of cellular
RNA.

A interesting application of the 3'-rA-(2',5'-linked) modification is as an activator for 2-5A dependent RNAse to direct it to
cleave unique RNA sequences (2). In this approach, the 5'-phosphorylated, 2',5'-linked tetramer p5'A2'p5'A2'p5'A2'p5'A
(abbreviated "2-5A" as covalently linked to anti-sense oligo, resulting in the chimera (2-5A:AS). The AS sequence of 2-5A:AS
bound to a particular ssRNA target sequence, and he 2-5A activator sequence activated 2-5A-dependent RNA, causeing it to
cleave the target after UpUp and UpA motifs. Selectively targeted destruction of ssRNA in vivo via this approach has potential
applications for therapeutic control of gene expression in such diseases as cancer, viral infections, and certain genetic
disorders. References

1. Giannaris, P.A.; Damha, M.J. Oligoribonucleotides containing 2',5'-phosphodiester linkages exhibit binding selectivity for
3',5'-RNA over 3',5'-ssDNA. Nucleic Acids Res (1993), 21: 4742-4749.

2. Torrence, P.F.; Maitra, R.K,; Lesiak, K.; Khamnei, S.; Zhou, A.; Silverman, R.H. Targeting RNA for degradation with a
(2'-5') oligoadenylate-antisense chimera. Proc. Natl. Acad. Sci. USA (1992), 90: 1300-1304.
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