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«Markush Formula»

• multiple independently variable groups, such as R groups
• generic chemical structure patent filing
• protect whole classes of compounds with common 

properties
• Selection inventions …
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… and biological compounds?

• Large chemical compounds described as
sequences

«Markush Formula»

• multiple independently variable groups, such as R groups
• generic chemical structure patent filing
• protect whole classes of compounds with common 

properties
• Selection inventions …
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• Nucleotide sequences absolute compound
protection, but the protection is limited to the 
sequence segments that perform the function 
specifically described in the patent (Swiss patent 
law).

• Proteins absolute compound protection

«Markush Formula»

• multiple independently variable groups, such as R groups
• generic chemical structure patent filing
• protect whole classes of compounds with common 

properties
• Selection inventions …

insulin

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCG 
ERGFFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQK
RGIVEQCCTSICSLYQLENYCN

https://www.ncbi.nlm.nih.gov/
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• Nucleotide sequences absolute compound
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law).

• Proteins absolute compound protection

«Markush Formula»

• multiple independently variable groups, such as R groups
• generic chemical structure patent filing
• protect whole classes of compounds with common 

properties
• Selection inventions …

insulin

MALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCG 
ERGFFYTPKTRREAEDLQVGQVELGGGPGAGSLQPLALEGSLQK
RGIVEQCCTSICSLYQLENYCN

https://www.ncbi.nlm.nih.gov/
IngridB.Mueller@ipi.ch

5’UTR

3’UTR

Coding region

Sequence Searches and Databases



DNA

mRNA
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Transcription from DNA to pre-mRNA

- Processing into mRNA
- here shown as cDNA sequence (T not U)
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https://web.expasy.org/translate/

Transcription from DNA to pre-mRNA

- Processing into mRNA
- here shown as cDNA sequence (T not U)

Translation into protein (3 sense, 3 antisense frames)
- Which one is the right reading frame?  

- Protein always starts with Methionine !

DNA

mRNA

Protein
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STN, Epoquenet

Patent databases:
• Abstract DB (Epodoc, DWPI)
• Full-text 
• Machine Translation

Non patent literature abstract databases 
• BIOSIS, MEDLINE, EMBASE…

Performing Keyword Searches in Life Science using patent examinar tools such as
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STN, Epoquenet

Patent databases:
• Abstract DB (Epodoc, DWPI)
• Full-text 
• Machine Translation

Non patent literature abstract databases 
• BIOSIS, MEDLINE, EMBASE…

Performing Keyword Searches in Life Science using Patent examinar tools such as

Search comprising:

> features of the inventive concept

> Proteins, genes (names, text terms, synonymes, 
CAS numbers, chemical identifiers)

> Function of the biomolecule (enzymatic reaction, 
antibody)

> Application (pharma, food, agriculture…)

> Specific patent classes
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STN, Epoquenet

Patent databases:
• Abstract DB (Epodoc, DWPI)
• Full-text 
• Machine Translation

Non patent literature abstract databases 
• BIOSIS, MEDLINE, EMBASE…

Performing Keyword Searches in Life Science using Patent examinar tools such as

Search comprising:

> features of the inventive concept

> Proteins, genes (names, text terms, synonymes, 
CAS numbers, chemical identifiers)

> Function of the biomolecule (enzymatic reaction, 
antibody)

> Application (pharma, food, agriculture…)

> Specific patent classes

Combining keyword with classes… 

… and if necessary with sequence searches
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Performing the search using peptide or nucleic acid sequences as:
- Exact sequence
- Subsequence (fragment within a longer context) identity (100% ID)
- Motifs (e.g. repeats, alternatives, spacer…) 
- Uncommon sequences
- BLAST (Basic Local Alignment Search Tool )  similarity (in % of sequence identity, ID)
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Performing the search using peptide or nucleic acid sequences as:
- Exact sequence
- Subsequence (fragment within a longer context) identity (100% ID)
- Motifs (e.g. repeats, alternatives, spacer…) 
- Uncommon sequences
- BLAST (Basic Local Alignment Search Tool )  similarity (in % of sequence identity, ID)

Global alignment

Local alignment

Query (reference sequence) 
Subject (retrieved sequence from DB)

Query

Subject

Query

Subject
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Performing the search using peptide or nucleic acid sequences as:
- Exact sequence
- Subsequence (fragment within a longer context) identity (100% ID)
- Motifs (e.g. repeats, alternatives, spacer…) 
- Uncommon sequences
- BLAST (Basic Local Alignment Search Tool )  similarity (in % of sequence identity, ID)

Global alignment ID = 46.9%
vs Query coverage is 100%

Local alignment ID = 100% 
Query coverage is < 50%

Query

Subject

Query

Subject
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Performing the search using peptide or nucleic acid sequences as:
- Exact sequence
- Subsequence (fragment within a longer context) identity (100% ID)
- Motifs (e.g. repeats, alternatives, spacer…)
- Uncommon sequences
- BLAST (Basic Local Alignment Search Tool )  similarity (in % of sequence identity, ID)

Global
vs

Local Query ID < 50%
-> matches over the length of the query
Query coverage is 100%

Query

Subject

Query

Subject
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Performing the search using peptide or nucleic acid sequences as:
- Exact sequence
- Subsequence (fragment within a longer context) identity (100% ID)
- Motifs (e.g. repeats, alternatives, spacer…)
- Uncommon sequences
- BLAST (Basic Local Alignment Search Tool )  similarity (in % of sequence identity, ID)

Global
vs

Local Subject ID < 50%
-> matches over the length of the subject
Query coverage is < 50%

Query

Subject

Query

Subject
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Performing the search using peptide or nucleic acid sequences as:
- Exact sequence
- Subsequence (fragment within a longer context) identity (100% ID)
- Motifs (e.g. repeats, alternatives, spacer…)
- Uncommon sequences
- BLAST (Basic Local Alignment Search Tool )  similarity (in % of sequence identity, ID)

FAQ:
• When to use which approach ?
• How to combine several sequences (e.g. CDRs of an antibody) ?
• Protein or DNA or both ?
• Long / short sequences ?
• No sequence search possible, because only mutated residues (e.g. Y47V) disclosed ?
• In which database(s) ?
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Patent Sequence Databases:

- commercial

• GQ-Pat (USPTO, EPO, WIPO, SIPO, GenBank, 
EMBL, DDBJ, CAS Biosequences)

• CAS-Registry

• USGENE

• PCTGEN / WOGENE

• DGENE / GENESEQ (Clarivate Analytics) 

• GENESEQ FASTAlert 

- non-commercial

• GenBank

• Pataa (USPTO)

• Lens PatSeq (USPTO, GenBank)

Search Platforms:
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Search Platforms:
Used Algorithms for Identity / Similarity

- GenePast (global align.)

- Motifs

- Fragment 

- Exact match / Subsequence

- Uncommon amino acids / nucleic acid

- Multiple sequence searches

- Smith-Waterman (global align.)

- BestSeq (optimized)

- BLAST (local align.)
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CAS Registry powerfull but complex presentation Topic 7
BLAST / Motif combination with CAS numbers, controlled term
Exact / Subsequence search exact or fragment in context (/sqep or /sqsp)
Uncommon aa / nt e.g. selenocysteine (U), pyrrolysine (O), labelled aa, nt

Advantages:
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CAS Registry 
BLAST / Motif
Exact / Subsequence search
Uncommon aa / nt

GENSEQ FASTAlert unique numbers (SBN) easy to handle results
BLAST / Motif / MSS multiple seq search (MSS) for antibody search
Smith-Waterman / BestSeq adapted algorithms (optimized BLAST)
Filtering

Advantages:
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CAS Registry 
BLAST / Motif
Exact / Subsequence search
Uncommon aa / nt

GENSEQ FASTAlert 
BLAST / Motif / MSS
Smith-Waterman / BestSeq
Filtering

GQ special database + CAS Registry powerfull but less complicated than STN
GenePast / Fragment adapted algorithm (optimized BLAST)
BLAST / Motif / MSS VENN diagramm (good for antibody search)
Filtering, grouping

Advantages:
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CAS Registry 
BLAST / Motif
Exact / Subsequence search
Uncommon aa / nt

GENSEQ FASTAlert 
BLAST / Motif / MSS
Smith-Waterman / BestSeq
Filtering

GQ special database + CAS Registry 
GenePast / Fragment
BLAST / Motif / MSS
Filtering, grouping

Open access

• NCBI BLAST
Patent / non-patent documents
(Accession number)
Cross-linked with Lens and Pubmed

• Lens 
PatSeq finder
Cross-linked with Pubmed and other scholarly works

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Open Access Sequence Databases (DB)

NCBI BLAST  (Basic Logic Algorithm Sequence Tools):

BlastN nucleotide query (nt) in nucleotide DB 

BlastP protein query (aa) in protein DB 

TblastN translated protein query (aa) in nucleotide DB 

BlastX translated nt query (nt) in protein DB

TBlastX translated nt query (nt) in translated nt DB

IngridB.Mueller@ipi.ch

Sequence Searches and Databases



Use different 
substitution matrices
depending on length
of peptide query
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Open Access Sequence Databases (DB)

NCBI BLAST  (Basic Logic Algorithm Sequence Tools):

BlastN nucleotide query (nt) in nucleotide DB 

BlastP protein query (aa) in protein DB 

TblastN translated protein query (aa) in nucleotide DB 

BlastX translated nt query (nt) in protein DB

TBlastX translated nt query (nt) in translated nt DB

NCBI BLAST has many more BLASTs

e.g. megaBLAST, PSI-BLAST, smartBLAST…
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https://blast.ncbi.nlm.nih.gov/Blast.cgi

>ins30
MALWMRLLPLLALLALWGPDPAAAFVNQHL

EXAMPLE search for insulin (fragment 1-30 aa)
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US8680263  SEQ ID No. 4
Identity 100 % E-value 2e-26
30 of 30 aa

US8318154  SEQ ID No. 121
Identity 80 % E-value 1e-17
25 of 30 aa

US8652487  SEQ ID No. 72
Identity 100% E-value 3e-04
11 of 11 aa

! Attention: alignment ID 100%, not query ID

Different E-values, the smaller the better !
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Repeat BLAST search with AJL05425.1
In non-redundant GenBank (NPL)
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https://www.lens.org/lens/bio/patseqfinder

Open Access Sequence Databases (DB) PatSeq Finder

EXAMPLE

>ins30
MALWMRLLPLLALLALWGPDPA
AAFVNQHL
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https://www.lens.org/lens/bio/patseqfinder

Open Access Sequence Databases (DB) 

EXAMPLE

>ins30
MALWMRLLPLLALLALWGPDPAAAFVNQHL

Substitution Matrix: BLOSUM62



Coccidiosis Vaccine
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https://www.lens.org/lens/bio/patseqfinder

Open Access Sequence Databases (DB) PatSeq Finder

EXAMPLE

>ins30
MALWMRLLPLLALLALWGPDPAAAFVNQHL

Substitution Matrix: PAM30



Insulin Fusion Polypetides
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Advice 1: remember how to search…
1) Understanding
2) Search tools adapt and repeat if necessary
3) Search strategy
4) Databases

Advice 2: … when searching for peptides chose the right parameters 
• optimize your search by using different algorithms, substitution matrix
• exact search vs similarity search
• check the application / use of the peptide sequence
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Independent claims:

Claim 1: A peptide capable of inhibiting the binding of trimeric
influenza hemagglutinin protein to its receptor, wherein the
peptide is consisting of the sequence SEQ ID NO: 1

Claim 4: A pharmaceutical composition comprising the 
peptide according to claim 1

Claim 6: A peptide according to claim 1 for use in treating an
influenza virus infection

Claim 8: A method for the preparation of a peptide according
to claim 1

SEQ ID NO: 1: Pro Tyr Asp Val Pro Asp Tyr Glu

1) Transform the above listed sequence

in single letter code

2) Search the sequence using

o BLAST (NCBI)

o Lens.org

Hint:  Definition of Terms

Comprising: inclusive, open ended 
(e.g. “ a polypeptide comprising SEQ ID NO: 1”)

Consisting of: exclusive
(e.g. “a peptide consisting of SEQ ID NO: 1”)

EXERCISE 1

https://www.lens.org/lens/bio/patseqfinderhttps://blast.ncbi.nlm.nih.gov/Blast.cgi
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Claim 1. A polypeptide having antimicrobial activity selected from the 
group consisting of:

(a) a polypeptide comprising an amino acid sequence which has at least 
65% identity with amino acids 1 to 40 of SEQ ID NO:2;

(b) a polypeptide which is encoded by a nucleotide sequence which 
hybridizes under medium stringency conditions using 0.2 x SSC at 42°C for 
washing with a polynucleotide probe selected from the group consisting 
of:
(i) the complementary strand of nucleotides 166 to 285 of SEQ ID NO:1,
(ii) the complementary strand of nucleotides 70 to 285 of SEQ ID NO:1 and
(iii) the complementary strand of nucleotides 1 to 285 of SEQ ID NO:1; and

(c) a fragment of (a) or (b) that has antimicrobial activity.

1) Get the sequences from the family

member: US2005124064 using

Lens.org

1) Search the claimed sequences in 

o BLAST (NCBI)

o Lens.org

3) Find relevant documents…

EXERCISE 2

https://www.lens.org/lens/bio/patseqfinderhttps://blast.ncbi.nlm.nih.gov/Blast.cgi
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EXAMPLE: search SEQ ID NO:1 
using BESTSeq of SequenceBase

US2005124064 A1
Applicant: Novozymes
Priority: 20 Nov 2001 

>US_2005_0124064_A1_1 
ATGCAATTTA CCACCATCCT CTCCATCGGT ATCACCGTCT 
TCGGACTTCT CAACACCGGA GCCTTTGCAG CACCCCAGCC 
TGTTCCCGAG GCTTACGCTG TTTCTGATCC CGAGGCTCAT 
CCTGACGATT TTGCTGGTAT GGATGCGAAC CAACTTCAGA 
AACGTGGATT TGGATGCAAT GGTCCTTGGG ATGAGGATGA 
TATGCAGTGC CACAATCACT GCAAGTCTAT TAAGGGTTAC 
AAGGGAGGTT ATTGTGCTAA GGGGGGCTTT GTTTGCAAGT 
GTTACTAG 
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EXAMPLE: search SEQ ID NO:1 
using BESTSeq of SequenceBase

US2005124064 A1
Applicant: Novozymes
Priority: 20 Nov 2001 

>US_2005_0124064_A1_1 
ATGCAATTTA CCACCATCCT CTCCATCGGT ATCACCGTCT 
TCGGACTTCT CAACACCGGA GCCTTTGCAG CACCCCAGCC 
TGTTCCCGAG GCTTACGCTG TTTCTGATCC CGAGGCTCAT 
CCTGACGATT TTGCTGGTAT GGATGCGAAC CAACTTCAGA 
AACGTGGATT TGGATGCAAT GGTCCTTGGG ATGAGGATGA 
TATGCAGTGC CACAATCACT GCAAGTCTAT TAAGGGTTAC 
AAGGGAGGTT ATTGTGCTAA GGGGGGCTTT GTTTGCAAGT 
GTTACTAG 
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Novozyme 2006  No prior art found using BESTSeq
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EXAMPLE: search SEQ ID NO:1 with Smith-Waterman for nucleotides (SWN)
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If too many documents -> use filter
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… Not Novozymes, but 2016, thus not prior art
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VH (1-120)

VL (1-107) http://www.imgt.org/mAb-DB/

EVQLVESGGG LVQPGGSLRL SCAASGFNIK DTYIHWVRQA PGKGLEWVAR
IYPTNGYTRY ADSVKGRFTI SADTSKNTAY LQMNSLRAED TAVYYCSRWG
GDGFYAMDYW GQGTLVTVSS

DIQMTQSPSS LSASVGDRVT ITCRASQDVN TAVAWYQQKP GKAPKLLIYS
ASFLYSGVPS RFSGSRSGTD FTLTISSLQP EDFATYYCQQ HYTTPPTFGQ
GTKVEIK

EXAMPLE: How to search a specific antibody

trastuzumab
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VH (1-120)

VL (1-107)

EVQLVESGGG LVQPGGSLRL SCAASGFNIK DTYIHWVRQA PGKGLEWVAR
IYPTNGYTRY ADSVKGRFTI SADTSKNTAY LQMNSLRAED TAVYYCSRWG
GDGFYAMDYW GQGTLVTVSS

DIQMTQSPSS LSASVGDRVT ITCRASQDVN TAVAWYQQKP GKAPKLLIYS
ASFLYSGVPS RFSGSRSGTD FTLTISSLQP EDFATYYCQQ HYTTPPTFGQ
GTKVEIK

EXAMPLE: How to search a specific antibody

Search full-length variable heavy (VH) chain
using Smith-Waterman Protein (SWP) 
algorithm on SequenceBase
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If too many documents -> use filter

for e.g. claims, or DB, or both…
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Search VH-CDRs of trastuzumab
using MSS (multiple sequence search)

CDR1
SCAASGFNIKDTYIHWVRQA

CDR2
PGKGLEWVARIYPTNGYTRY

CDR3 
TAVYYCSRWGGDGFYAMDYW
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-> Select documents showing all three CDRs

-> use filter, for e.g. claims, or DB, or both…
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Using motif search by GenomeQuest
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Motif search for CDRs in the same sequence

EXAMPLE 
Search antibody with following CDRs
>seq_1
RSSQSLLHSNGYNYLD.*LGSNRAS.*MQASIMNRT
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EXAMPLE: using multiple alignments
Search antibody with following CDRs
>16D5Q1
NAWMS
>16D5Q2
RIKSKTDGGTTDYAAPVKG
>16D5Q3
PWEWSWYDY

All 3 CDRs in the same patent document !
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EXAMPLE: using multiple alignments
Search antibody with following CDRs
>16D5Q1
NAWMS
>16D5Q2
RIKSKTDGGTTDYAAPVKG
>16D5Q3
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All 3 CDRs in the same patent document !
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EXAMPLE: using multiple alignments
Search antibody with following CDRs
>16D5Q1
NAWMS
>16D5Q2
RIKSKTDGGTTDYAAPVKG
>16D5Q3
PWEWSWYDY

All 3 CDRs in the same sequence !
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