




































































































































































































































                         SEQUENCE LISTING

<110>  Illumina, Inc.
       Kelley, Ryan

<120>  OPTIMAL INDEX SEQUENCES FOR MULTIPLEX MASSIVELY PARALLEL 
       SEQUENCING

<130>  ILMNP022WO

<150>  US 62/492,851
<151>  2017-05-01

<150>  US 62/524,390
<151>  2017-06-23

<160>  19    

<170>  PatentIn version 3.5

<210>  1
<211>  19
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  1
agatgtgtat aagagacag                                                    19

<210>  2
<211>  19
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  2
ctgtctctta tacacatct                                                    19

<210>  3
<211>  14
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  3
tcgtcggcag cgtc                                                         14
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<210>  4
<211>  14
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  4
gacgctgccg acga                                                         14

<210>  5
<211>  15
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  5
gtctcgtggg ctcgg                                                        15

<210>  6
<211>  15
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  6
ccgagcccac gagac                                                        15

<210>  7
<211>  24
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  7
caagcagaag acggcatacg agat                                              24

<210>  8
<211>  29
<212>  DNA
<213>  Artificial Sequence
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<220>
<223>  Artificial Sequence

<400>  8
aatgatacgg cgaccaccga gatctacac                                         29

<210>  9
<211>  10260
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  9
tgttcaccat cacctgttgc gtaggtggtg acgaacaaca acgccttgtt gtattccacc       60

tgtaaggtgg cacggaacaa ctcaacgctt tctggtatcc gagtcatagg agactgcgaa      120

agctggaatg gatcaaggca tcagtctcgt ctgactctac cgaagattct taggagcctc      180

cctctacatg ttctcgtgca gcgttggtat ataccaacgc aatagctgag ggcgatcaga      240

caatataggt tggcgcgaac atggttgact gcaaccagtc tccattgccg cttgccatta      300

agcgaattag gataggccga gtgcagacag acatgagtga taaccgtaat cggttacggc      360

taccgcctcg cgttattcta ttcataaggt cctgcggaac aacactgtta ggtgtcaccg      420

acatatccag gtgcgcttga tggagtactt caagacgtcc attgcgcggt gccatataac      480

cagtggcact tgacaatgtc cgacctaacg tagttcggta gccgcactct attatgtctc      540

agaaccgagt gaggttagac gttaattacg accggccgta cctcgtgcgt ttctacatac      600

acttcaagcg gtcctggata aatcaccagc ggctgttgat caatcggctg tggctaatca      660

ttaagacaag ccggagtgga aacttatcct ggtccgcttc ctcgcttcgg tctatcctaa      720

gaacttcctt aggtccttcc tatggagatt cgcaagagcc accacgacat gttgtagtgc      780

tcatagattg ctgcgagcca cagcacggag tgatgtaaga ccgttcaagg ttacctggaa      840

aagcatcttg ggatgctcca aacagacggc ggtgagtaat ctagtgctct tcgacatctc      900

cgtctcatat tactctgcgc tcagaaggcg ctgaggaata gacaccatgt agtgttgcac      960

atgtaacgtt gcacggtacc tctaggcgcg ctcgaatata caagttattg tggaccgcca     1020

atcggcgaag gctaatagga aatgcgaaca ggcataggtg tggcctctgt caattctcac     1080

gattctgaat agcctcaggc atgttgttgg gcaccaccaa accaagcagg gttggatgaa     1140
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tatcactctg cgctgtctca cgatgcggtt tagcataacc gtccaccgct acttgttatc     1200

gagaggttcg agagaaccta ctggcaagag tcaatggaga tccgccaatt cttattggcc     1260

actctattgt gtctcgccac atccaggtat gcttgaacgc aagttgacaa ggaccagtgg     1320

ttgtatcagg ccacgctgaa gaatacctat aggcgttcgc ctaataaccg tcggcggtta     1380

cgagaggcgt tagagaatac ccgacagact ttagtgagtc attggcttct gccaatcctc     1440

aattcttgga ggcctccaag taggctcgcg cgaatctata gttcggagtt acctaagacc     1500

gcgtgctgtg atacatcaca tgtggtccgg cacaacttaa cagcaatcgt tgatggctac     1560

catatgcgat tgcgcatagc gcgtccacct atacttgttc gctgacgttg atcagtacca     1620

ttaaccttcg ccggttccta tacgtgaagg cgtacaggaa aggtatggcg gaacgcaata     1680

tgtctggcct cactcaattc acagtaagat gtgacggagc ctgagccggt tcagattaac     1740

tgccggtcag cattaactga agtactcatg gacgtctgca ccgcgtatag ttatacgcga     1800

gtaacttggt acggtccaac cgcttagaat tatccgaggc aacgaggccg ggtagaatta     1860

cctaacacag ttcggtgtga tggtagagat caacgagagc aagcgcgctt ggatatatcc     1920

gtggtatctg acaacgctca attccataag gccttgcgga gctcttaact atctccggtc     1980

cggatgcttg taagcatcca aacggtctat ggtaactcgc gtggacaagt acaagtggac     2040

tcctggttgt cttcaaccac tcgctatgag ctatcgcaga cattagtgcg tgccgacata     2100

agtagagccg gacgagatta cgtgcttgct tacatccatc gactgagtag agtcagacga     2160

ataatccgtg gcggcttaca gagaatggtt agaggcaacc tcacaacagt ctgtggtgac     2220

gaactgagcg aggtcagata aaggccacgg ggaattgtaa cctgaccact ttcagttgtc     2280

cgcattccgt tatgccttac gtattgacgt acgccagtac aaccatagaa ggttgcgagg     2340

ttacgcacct ccgtatgttc aagatacacg ggagcgtgta attgatactg gccagcgtca     2400

caccgatgtg tgttagcaca ttggcagcgt ccaatgatac gcataagctt atgcggatcc     2460

gcttctctgg atcctctcaa cacggctagt tgtaatcgac tgattatacg cagccgcgta     2520

tataacagct cgcggtgatc catagtaagg tgcgacggaa gagcgacgat agatagtagc     2580

ttcttacttg cctccgtcca ctacacatgg tcgtgtgcaa acttacggat gtccgtaagc     2640

acagtgtatg gtgacacgca ttgctctatt ccatctcgcc ccaaggcctt ttggaattcc     2700

taatgtgtct cggcacactc actcggcaat gtctaatggc aggatgtgct gaagcacatc     2760
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tatcttgtag cgctccacga ttcactcact cctgtctgtc ccatcattag ttgctgccga     2820

atgagatcat gcagagctgc tgtcgctggt cactatcaac ctctgcagcg tctcatgata     2880

aggataatgt gaagcggcac cgcacgactg tatgtagtca gttaccgtgg accgttacaa     2940

aacaagtaca ggtggacgtg aacatcgcgc ggtgctatat tcaccaactt ctgttggtcc     3000

aatggattga ggcaagccag ctccactaat tcttgtcggc ttgttgaatg ccaccaggca     3060

acacaggtgg gtgtgaacaa tccacgtgtt cttgtacacc gagcttgccg agatccatta     3120

cgccatatct tattgcgctc gtaactgaag acggtcagga aacgcacgag ggtatgtaga     3180

tgccaactgg cattggtcaa gacgtggtct agtacaactc caacgttcgg tggtacctaa     3240

gcgaactccg ataggtctta atagcggaat gcgataaggc taattagcgt cggccgatac     3300

gccacctact attgttcgtc catcgtcatt tgctactgcc cgtgtcgtgg tacactacaa     3360

accgtgtggt gttacacaac gcgtattaat atacgccggc tatcggaccg cgctaagtta     3420

ttgaatgttg ccaggcacca gaggcctatt agaattcgcc aattccatct ggccttgctc     3480

tccggactag cttaagtcga tcataccgtt ctgcgttacc aatctagaga ggctcgagag     3540

acaactactg gtggtcgtca tgtgataact cacagcggtc caataggaat tggcgaaggc     3600

atggcgcctg gcaatattca ttaacggtgt ccggtaacac cctcacgagg ttctgtagaa     3660

gaattacaag aggccgtgga ctagattgcg tcgagccata aagacattag ggagtgccga     3720

atatgcatgt gcgcatgcac gacgcatcgt agtatgctac cgcagtggct tatgacaatc     3780

tcactgtccg ctgtcactta aactcgccgg ggtctattaa aacgttagtt ggtaccgacc     3840

gcgtggatgg atacaagcaa tggtgttatg caacaccgca tgtggcgcat cacaatatgc     3900

aattggcgcc ggccaatatt acgttagccg gtaccgatta cctccggttg ttcttaacca     3960

gagatccgct agagcttatc cgaggccaag tagaattgga tccgttatgt cttaccgcac     4020

accacagtcg gttgtgacta ttacagttag ccgtgaccga cgcagcaatt tatgatggcc     4080

gaagaacgct aggaggtatc ccttcgtgat ttcctacagc ttcctcggtg ccttctaaca     4140

aggcagctct gaatgatctc gatattgtgt agcgccacac agctaagcgg gatcggataa     4200

ctctgtgtat tctcacacgc gtaccttccg acgttcctta gcaatacatt atggcgtgcc     4260

tgataacgag cagcggtaga cgtgtaccag tacacgttga gtaagcaacg acggatggta     4320

tgttccggct caccttaatc ttgtctacat ccactcgtgc actagatgtt gtcgagcacc     4380
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attaacaagg gccggtggaa ctatagtctt tcgcgactcc aatattgcca ggcgccattg     4440

tggccggatt caattaagcc tagaactaag cgaggtcgga agcctatgat gattcgcagc     4500

atgtgtcaat gcacactggc ataagattgg gcggagccaa tccgtatact cttacgcgtc     4560

aatccaattg ggcttggcca ttatgcgtag ccgcatacga gcgattggag atagccaaga     4620

agtatcagtt gacgctgacc ctggaactgt tcaaggtcac cttgtgtgag tccacacaga     4680

gatcgtcgcg agctactata ctacatgcct tcgtgcattc gaagtgaatt aggacaggcc     4740

aaccttatgg ggttccgcaa tcttagctat ctccgatcgc agtggttaag gacaaccgga     4800

gtgctaggtt acatcgaacc cgtcaccttg tactgttcca tgacggccgt cagtaattac     4860

ttcgccaccg cctattgtta ccagtcgacg ttgactagta aaggacgcac ggaagtatgt     4920

gccatgtgcg attgcacata cagagtccat tgagacttgc gaatatgcgg aggcgcataa     4980

cctgcaacct ttcatggttc aagttctagt ggacctcgac cgtacatacg tacgtgcgta     5040

atacagtgct gcgtgacatc agcgctgtgt gatatcacac tcgcaggaag ctatgaagga     5100

tatgccggtg cgcattaaca gtgcattctt acatgcctcc gtatggttat acgcaaccgc     5160

cacacagtat tgtgtgacgc agagatagag gagagcgaga ctcttgcacg tctccatgta     5220

accagttcag gttgacctga ccggcgatgt ttaatagcac cggtaacctg taacggttca     5280

cattcttatg tgcctccgca tctattcagt ctcgcctgac gtgcgcgact acatatagtc     5340

tactactcgt cgtcgtctac tggtagttcg caacgaccta gtaacaatct acggtggctc     5400

aagccgcaag ggattatgga gccagcagag attgatgaga ctctggcgtt tctcaatacc     5460

atcctaatct gcttcggctc ccaggcttgg ttgaatccaa cattcacgct tgcctgtatc     5520

aaggttgtga ggaaccacag cggaagaagg taaggaggaa gtcgatatcg actagcgcta     5580

accgaaccat gttaggttgc tattcaacgg cgcctggtaa cggtgagacg taacagagta     5640

gcacttgatg atgtccagca cttgattcat tccagcctgc aaggtgcggc ggaacataat     5700

agattaagtg gagccggaca acacgttcct gtgtaccttc gtccaagcgt acttggatac     5760

tatctccaat cgctcttggc gacggtaatg agtaacggca aagatctctg ggagctctca     5820

caggccagct tgaattgatc ttgcgtacgg ccatacgtaa gttctacgag acctcgtaga     5880

cgtgtgtctt tacacactcc aaccagccac ggttgattgt ttgtccgctg ccacttatca     5940

caacgcgttg tggtatacca ccgaatctgg ttaggctcaa cggcagtgtt taatgacacc     6000
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attatccact gccgcttgtc aagacaagtt ggagtggacc cctgtagagt ttcacgagac     6060

tctcctggcg ctcttcaata aaccgagttc ggttagacct gccagtcggt attgactaac     6120

agaaggacgg gaggaagtaa acatcacaat gtgctgtggc cacgcgcatg tgtatatgca     6180

cggactgtcg taagtcacta tcctattacg cttcgccgta atgcatatgt gcatgcgcac     6240

atatctgctt gcgctcatcc tggaggcaat caagaatggc accgtcgcct gttactattc     6300

cgtggaagat tacaaggagc gaacggccag aggtaattga gcctaacgtg attcggtaca     6360

ctggttgtag tcaaccacga tctgagtgtg ctcagacaca tgaggagtgt cagaagacac     6420

cgcttgaggt tatccagaac atcaccttat gctgttccgc aattggtagg ggccaacgaa     6480

atgagcggcg gcagataata actctcgatt gtctctagcc agagcgctgg gagatatcaa     6540

tgccacaacg cattgtggta tcgccgtcgt ctattactac taattctgct cggcctcatc     6600

attaagccat gccggattgc cacaccgacg tgtgttagta tcggcacgat ctaatgtagc     6660

gttcaattgg acctggccaa cgacgaacag tagtaggtga aagtgtaacg ggacacggta     6720

gtcggctctt actaatctcc ccgatcttat ttagctccgc cttgagagct tccagagatc     6780

gagttaactt agaccggtcc aactatgcat ggtcgcatgc gaagtcctcg aggacttcta     6840

tcttatagag ctccgcgaga gatccgtgtg agcttacaca ccaccggagt ttgttaagac     6900

tgaacacctg caggtgttca aatagaacgt ggcgaggtac ctatgttaag tcgcaccgga     6960

atcattggat gctgccaagc tgcgtcttcg catactccta aatctactcc ggctcgtctt     7020

gtgttacagt acaccgtgac tcttacgccg ctccgtatta tagtggcttg cgacaatcca     7080

taccaaggtt cgttggaacc accggaacgg gttaaggtaa ccgaagcgct ttaggatatc     7140

tgaagtgcag caggacatga caagctcaat tggatctggc ctcatcctgg tctgcttcaa     7200

cggccttgag taattccaga cctaaggatt ttcggaagcc gttgaggcgg accagaataa     7260

gagtctgttg agactcacca gttggccaat accaattggc tcaccgcgct ctgttatatc     7320

aggtgcgcag gaacatatga gccgttcttg attacctcca ccgcggttct ttataacctc     7380

cgatcgaatt tagctaggcc aatatgaagc ggcgcaggat tgacatgagg cagtgcagaa     7440

gccagaactt attgaggtcc gactccttcg agtcttccta ctacttagag tcgtccgaga     7500

ttcaagtatg cctggacgca cttacattgt tccgtgccac aatgaatacg ggcaggcgta     7560

cacctctctt tgttctctcc atgattccgg gcagccttaa gtatacagag acgcgtgaga     7620
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gttctgtcat acctcactgc tgtcgagttg cactagacca agcggagact gataagagtc     7680

gtgatcgcgt acagctatac ttaccagatg ccgttgagca caggtataag tgaacgcgga     7740

gatagccttg agcgattcca ctggctcgtt tcaatctacc tacgcgatat cgtatagcgc     7800

aaccttcact ggttcctgtc gtgtaggacg acacgaagta tcggacgtat ctaagtacgc     7860

atagtgatag gcgacagcga agttaatgct gaccggcatc agcagcgtgg gatgatacaa     7920

cactctggag tgtctcaaga aagtggtgta ggacaacacg tataggtact cgcgaacgtc     7980

tcacgtaggt ctgtacgaac actgccgcag gtcattatga aggtggcctt gaacaattcc     8040

ttagtcggat ccgactaagc catggagcgg tgcaagataa ttgcaacgcg ccatggtata     8100

acctacaagt gttcgtggac tagctcacag cgatctgtga taggtatgtt cgaacgcacc     8160

gctctgacgg atctcagtaa agcacctgcg gatgttcata gagccactcg agattgtcta     8220

ctaccatcat tcgttgctgc cattgtacct tgccacgttc ttggcctagg ccaattcgaa     8280

agtcacgtgt gactgtacac gcttagtcag atccgactga acgaatagat gtaggcgagc     8340

atattaggct gcgccgaatc tcagctgcct ctgatcattc ccaagaggtg ttggagaaca     8400

aatccgcctt ggcttattcc aactacattg ggtcgtgcca gtcatgcaat actgcatggc     8460

cgtaggctgt tacgaatcac taaggtcgtt cggaactacc accttccgcg gttccttata     8520

gcagacacgg atgagtgtaa caatccttgt tggcttccac cgacaaggat tagtggaagc     8580

aatgtcggaa ggcactaagg gctagactat atcgagtcgc tgatgcactg cagcatgtca     8640

gcttcatatt atcctgcgcc actatgatcg gtcgcagcta tagagaccgg cgagagttaa     8700

agacgatgcg gagtagcata gacaattgag agtggccaga ccaagtaact ttggacggtc     8760

gccttcagtt attcctgacc agacctacat gagttcgtgc tcctcggact cttctaagtc     8820

actcaactag gtctggtcga ttagaccatg ccgagttgca tggttctcat caacctctgc     8880

agtgcgagtg gacatagaca atgtgactcg gcacagtcta cggctgcagt taatcatgac     8940

tacaagactt cgtggagtcc catatcttcg tgcgctccta acgagagaag gtagagagga     9000

ttacttctgg ccgtcctcaa gatactaccg agcgtcgtta aggtgtaggt gaacacgaac     9060

tggataggat caagcgaagc tatgaacttg cgcaggtcca aatcgcgtca ggctatactg     9120

agtccggagg gacttaagaa attctcacgt gcctctgtac tggtcatggt caactgcaac     9180

gtccgtcctg acttacttca gccgaggagt attagaagac tcgacgctag ctagtatcga     9240
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ctgaattagt tcaggccgac cttggtctcg tccaactcta cggtcggcat taactaatgc     9300

atataatccg gcgcggctta ataaggcagt gcggaatgac aactgtcgtg ggtcactaca     9360

aggctgaacg gaatcaggta aaggaagagt ggaaggagac ccttgcctag ttccattcga     9420

ctcaagttct tctggacctc acagaattct gtgaggcctc gctaggaagt atcgaaggac     9480

atactctagg gcgtctcgaa gttccgaacg accttaggta aagagagtct ggagagactc     9540

ttcgaagagg cctaggagaa aaggcttcat ggaatcctgc tctacgaatg ctcgtaggca     9600

gatcagcact agctgatgtc ccgctccgtt ttatcttacc ttgtgtggtt ccacacaacc     9660

taggttacct cgaaccgttc aagcctaata ggattcggcg tgtacaatag cacgtggcga     9720

accgattatt gttagccgcc aagaggatga ggagaagcag tgttcgatgt cacctagcac     9780

cggttaatag taaccggcga tagcgttgct cgataccatc accatacctg gttgcgttca     9840

tgcaatgaat catggcaggc gcaggaccgt atgaagttac tctcgctaag ctctatcgga     9900

ttcagcattg cctgatgcca cacgtcagag tgtactgaga ctctcctcct tctcttcttc     9960

acggattcgg gtaagcctaa gcgaccgatg atagttagca gaatgtcagt aggcactgac    10020

gctcgcacat atctatgtgc cagacgtggt tgagtacaac acatctgagg gtgctcagaa    10080

attctagctg gcctcgatca aatgactggt ggcagtcaac tccttcgaag cttcctagga    10140

gactggagct agtcaagatc atgtcgtatt gcactacgcc aagattcgta ggagcctacg    10200

gatcgatcct agctagcttc agttcctcgg gaccttctaa aggagtcgag gaagactaga    10260

<210>  10
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  10
ggatatatcc aagcgcgctt caacgagagc tggtagagat ttcggtgtga cctaacacag       60

ggtagaatta aacgaggccg tatccgaggc cgcttagaat acggtccaac gtaacttggt      120

ttatacgcga ccgcgtatag gacgtctgca agtactcatg cattaactga tgccggtcag      180

tcagattaac ctgagccggt gtgacggagc acagtaagat cactcaattc tgtctggcct      240

gaacgcaata aggtatggcg cgtacaggaa tacgtgaagg ccggttccta ttaaccttcg      300
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atcagtacca gctgacgttg atacttgttc gcgtccacct tgcgcatagc catatgcgat      360

tgatggctac cagcaatcgt cacaacttaa tgtggtccgg atacatcaca gcgtgctgtg      420

acctaagacc gttcggagtt cgaatctata taggctcgcg ggcctccaag aattcttgga      480

gccaatcctc attggcttct ttagtgagtc ccgacagact tagagaatac cgagaggcgt      540

tcggcggtta ctaataaccg aggcgttcgc gaatacctat ccacgctgaa ttgtatcagg      600

ggaccagtgg aagttgacaa gcttgaacgc atccaggtat gtctcgccac actctattgt      660

cttattggcc tccgccaatt tcaatggaga ctggcaagag agagaaccta gagaggttcg      720

acttgttatc gtccaccgct tagcataacc cgatgcggtt cgctgtctca tatcactctg      780

gttggatgaa accaagcagg gcaccaccaa atgttgttgg agcctcaggc gattctgaat      840

caattctcac tggcctctgt ggcataggtg aatgcgaaca gctaatagga atcggcgaag      900

tggaccgcca caagttattg ctcgaatata tctaggcgcg gcacggtacc atgtaacgtt      960

<210>  11
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  11
tgttcaccat cacctgttgc gtaggtggtg acgaacaaca acgccttgtt gtattccacc       60

tgtaaggtgg cacggaacaa ctcaacgctt tctggtatcc gagtcatagg agactgcgaa      120

agctggaatg gatcaaggca tcagtctcgt ctgactctac cgaagattct taggagcctc      180

cctctacatg ttctcgtgca gcgttggtat ataccaacgc aatagctgag ggcgatcaga      240

caatataggt tggcgcgaac atggttgact gcaaccagtc tccattgccg cttgccatta      300

agcgaattag gataggccga gtgcagacag acatgagtga taaccgtaat cggttacggc      360

taccgcctcg cgttattcta ttcataaggt cctgcggaac aacactgtta ggtgtcaccg      420

acatatccag gtgcgcttga tggagtactt caagacgtcc attgcgcggt gccatataac      480

cagtggcact tgacaatgtc cgacctaacg tagttcggta gccgcactct attatgtctc      540

agaaccgagt gaggttagac gttaattacg accggccgta cctcgtgcgt ttctacatac      600

acttcaagcg gtcctggata aatcaccagc ggctgttgat caatcggctg tggctaatca      660
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ttaagacaag ccggagtgga aacttatcct ggtccgcttc ctcgcttcgg tctatcctaa      720

gaacttcctt aggtccttcc tatggagatt cgcaagagcc accacgacat gttgtagtgc      780

tcatagattg ctgcgagcca cagcacggag tgatgtaaga ccgttcaagg ttacctggaa      840

aagcatcttg ggatgctcca aacagacggc ggtgagtaat ctagtgctct tcgacatctc      900

cgtctcatat tactctgcgc tcagaaggcg ctgaggaata gacaccatgt agtgttgcac      960

<210>  12
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  12
agtgttgcac gacaccatgt ctgaggaata tcagaaggcg tactctgcgc cgtctcatat       60

tcgacatctc ctagtgctct ggtgagtaat aacagacggc ggatgctcca aagcatcttg      120

ttacctggaa ccgttcaagg tgatgtaaga cagcacggag ctgcgagcca tcatagattg      180

gttgtagtgc accacgacat cgcaagagcc tatggagatt aggtccttcc gaacttcctt      240

tctatcctaa ctcgcttcgg ggtccgcttc aacttatcct ccggagtgga ttaagacaag      300

tggctaatca caatcggctg ggctgttgat aatcaccagc gtcctggata acttcaagcg      360

ttctacatac cctcgtgcgt accggccgta gttaattacg gaggttagac agaaccgagt      420

attatgtctc gccgcactct tagttcggta cgacctaacg tgacaatgtc cagtggcact      480

gccatataac attgcgcggt caagacgtcc tggagtactt gtgcgcttga acatatccag      540

ggtgtcaccg aacactgtta cctgcggaac ttcataaggt cgttattcta taccgcctcg      600

cggttacggc taaccgtaat acatgagtga gtgcagacag gataggccga agcgaattag      660

cttgccatta tccattgccg gcaaccagtc atggttgact tggcgcgaac caatataggt      720

ggcgatcaga aatagctgag ataccaacgc gcgttggtat ttctcgtgca cctctacatg      780

taggagcctc cgaagattct ctgactctac tcagtctcgt gatcaaggca agctggaatg      840

agactgcgaa gagtcatagg tctggtatcc ctcaacgctt cacggaacaa tgtaaggtgg      900

gtattccacc acgccttgtt acgaacaaca gtaggtggtg cacctgttgc tgttcaccat      960

11



<210>  13
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  13
atgtaacgtt gcacggtacc tctaggcgcg ctcgaatata caagttattg tggaccgcca       60

atcggcgaag gctaatagga aatgcgaaca ggcataggtg tggcctctgt caattctcac      120

gattctgaat agcctcaggc atgttgttgg gcaccaccaa accaagcagg gttggatgaa      180

tatcactctg cgctgtctca cgatgcggtt tagcataacc gtccaccgct acttgttatc      240

gagaggttcg agagaaccta ctggcaagag tcaatggaga tccgccaatt cttattggcc      300

actctattgt gtctcgccac atccaggtat gcttgaacgc aagttgacaa ggaccagtgg      360

ttgtatcagg ccacgctgaa gaatacctat aggcgttcgc ctaataaccg tcggcggtta      420

cgagaggcgt tagagaatac ccgacagact ttagtgagtc attggcttct gccaatcctc      480

aattcttgga ggcctccaag taggctcgcg cgaatctata gttcggagtt acctaagacc      540

gcgtgctgtg atacatcaca tgtggtccgg cacaacttaa cagcaatcgt tgatggctac      600

catatgcgat tgcgcatagc gcgtccacct atacttgttc gctgacgttg atcagtacca      660

ttaaccttcg ccggttccta tacgtgaagg cgtacaggaa aggtatggcg gaacgcaata      720

tgtctggcct cactcaattc acagtaagat gtgacggagc ctgagccggt tcagattaac      780

tgccggtcag cattaactga agtactcatg gacgtctgca ccgcgtatag ttatacgcga      840

gtaacttggt acggtccaac cgcttagaat tatccgaggc aacgaggccg ggtagaatta      900

cctaacacag ttcggtgtga tggtagagat caacgagagc aagcgcgctt ggatatatcc      960

<210>  14
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  14
ggtaccgacc aacgttagtt ggtctattaa aactcgccgg ctgtcactta tcactgtccg       60

tatgacaatc cgcagtggct agtatgctac gacgcatcgt gcgcatgcac atatgcatgt      120
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ggagtgccga aagacattag tcgagccata ctagattgcg aggccgtgga gaattacaag      180

ttctgtagaa cctcacgagg ccggtaacac ttaacggtgt gcaatattca atggcgcctg      240

tggcgaaggc caataggaat cacagcggtc tgtgataact gtggtcgtca acaactactg      300

ggctcgagag aatctagaga ctgcgttacc tcataccgtt cttaagtcga tccggactag      360

ggccttgctc aattccatct agaattcgcc gaggcctatt ccaggcacca ttgaatgttg      420

cgctaagtta tatcggaccg atacgccggc gcgtattaat gttacacaac accgtgtggt      480

tacactacaa cgtgtcgtgg tgctactgcc catcgtcatt attgttcgtc gccacctact      540

cggccgatac taattagcgt gcgataaggc atagcggaat ataggtctta gcgaactccg      600

tggtacctaa caacgttcgg agtacaactc gacgtggtct cattggtcaa tgccaactgg      660

ggtatgtaga aacgcacgag acggtcagga gtaactgaag tattgcgctc cgccatatct      720

agatccatta gagcttgccg cttgtacacc tccacgtgtt gtgtgaacaa acacaggtgg      780

ccaccaggca ttgttgaatg tcttgtcggc ctccactaat ggcaagccag aatggattga      840

ctgttggtcc tcaccaactt ggtgctatat aacatcgcgc ggtggacgtg aacaagtaca      900

accgttacaa gttaccgtgg tatgtagtca cgcacgactg gaagcggcac aggataatgt      960

<210>  15
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  15
gtggtatctg acaacgctca attccataag gccttgcgga gctcttaact atctccggtc       60

cggatgcttg taagcatcca aacggtctat ggtaactcgc gtggacaagt acaagtggac      120

tcctggttgt cttcaaccac tcgctatgag ctatcgcaga cattagtgcg tgccgacata      180

agtagagccg gacgagatta cgtgcttgct tacatccatc gactgagtag agtcagacga      240

ataatccgtg gcggcttaca gagaatggtt agaggcaacc tcacaacagt ctgtggtgac      300

gaactgagcg aggtcagata aaggccacgg ggaattgtaa cctgaccact ttcagttgtc      360

cgcattccgt tatgccttac gtattgacgt acgccagtac aaccatagaa ggttgcgagg      420

ttacgcacct ccgtatgttc aagatacacg ggagcgtgta attgatactg gccagcgtca      480
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caccgatgtg tgttagcaca ttggcagcgt ccaatgatac gcataagctt atgcggatcc      540

gcttctctgg atcctctcaa cacggctagt tgtaatcgac tgattatacg cagccgcgta      600

tataacagct cgcggtgatc catagtaagg tgcgacggaa gagcgacgat agatagtagc      660

ttcttacttg cctccgtcca ctacacatgg tcgtgtgcaa acttacggat gtccgtaagc      720

acagtgtatg gtgacacgca ttgctctatt ccatctcgcc ccaaggcctt ttggaattcc      780

taatgtgtct cggcacactc actcggcaat gtctaatggc aggatgtgct gaagcacatc      840

tatcttgtag cgctccacga ttcactcact cctgtctgtc ccatcattag ttgctgccga      900

atgagatcat gcagagctgc tgtcgctggt cactatcaac ctctgcagcg tctcatgata      960

<210>  16
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  16
tctcatgata ctctgcagcg cactatcaac tgtcgctggt gcagagctgc atgagatcat       60

ttgctgccga ccatcattag cctgtctgtc ttcactcact cgctccacga tatcttgtag      120

gaagcacatc aggatgtgct gtctaatggc actcggcaat cggcacactc taatgtgtct      180

ttggaattcc ccaaggcctt ccatctcgcc ttgctctatt gtgacacgca acagtgtatg      240

gtccgtaagc acttacggat tcgtgtgcaa ctacacatgg cctccgtcca ttcttacttg      300

agatagtagc gagcgacgat tgcgacggaa catagtaagg cgcggtgatc tataacagct      360

cagccgcgta tgattatacg tgtaatcgac cacggctagt atcctctcaa gcttctctgg      420

atgcggatcc gcataagctt ccaatgatac ttggcagcgt tgttagcaca caccgatgtg      480

gccagcgtca attgatactg ggagcgtgta aagatacacg ccgtatgttc ttacgcacct      540

ggttgcgagg aaccatagaa acgccagtac gtattgacgt tatgccttac cgcattccgt      600

ttcagttgtc cctgaccact ggaattgtaa aaggccacgg aggtcagata gaactgagcg      660

ctgtggtgac tcacaacagt agaggcaacc gagaatggtt gcggcttaca ataatccgtg      720

agtcagacga gactgagtag tacatccatc cgtgcttgct gacgagatta agtagagccg      780

tgccgacata cattagtgcg ctatcgcaga tcgctatgag cttcaaccac tcctggttgt      840
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acaagtggac gtggacaagt ggtaactcgc aacggtctat taagcatcca cggatgcttg      900

atctccggtc gctcttaact gccttgcgga attccataag acaacgctca gtggtatctg      960

<210>  17
<211>  960
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  17
aggataatgt gaagcggcac cgcacgactg tatgtagtca gttaccgtgg accgttacaa       60

aacaagtaca ggtggacgtg aacatcgcgc ggtgctatat tcaccaactt ctgttggtcc      120

aatggattga ggcaagccag ctccactaat tcttgtcggc ttgttgaatg ccaccaggca      180

acacaggtgg gtgtgaacaa tccacgtgtt cttgtacacc gagcttgccg agatccatta      240

cgccatatct tattgcgctc gtaactgaag acggtcagga aacgcacgag ggtatgtaga      300

tgccaactgg cattggtcaa gacgtggtct agtacaactc caacgttcgg tggtacctaa      360

gcgaactccg ataggtctta atagcggaat gcgataaggc taattagcgt cggccgatac      420

gccacctact attgttcgtc catcgtcatt tgctactgcc cgtgtcgtgg tacactacaa      480

accgtgtggt gttacacaac gcgtattaat atacgccggc tatcggaccg cgctaagtta      540

ttgaatgttg ccaggcacca gaggcctatt agaattcgcc aattccatct ggccttgctc      600

tccggactag cttaagtcga tcataccgtt ctgcgttacc aatctagaga ggctcgagag      660

acaactactg gtggtcgtca tgtgataact cacagcggtc caataggaat tggcgaaggc      720

atggcgcctg gcaatattca ttaacggtgt ccggtaacac cctcacgagg ttctgtagaa      780

gaattacaag aggccgtgga ctagattgcg tcgagccata aagacattag ggagtgccga      840

atatgcatgt gcgcatgcac gacgcatcgt agtatgctac cgcagtggct tatgacaatc      900

tcactgtccg ctgtcactta aactcgccgg ggtctattaa aacgttagtt ggtaccgacc      960

<210>  18
<211>  1160
<212>  DNA
<213>  Artificial Sequence

<220>
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<223>  Artificial Sequence

<400>  18
aggaggtatc gtaccgatta tcgcgactcc cagcggtaga attgcacata accacagtcg       60

acatcgaacc ataagattgg ggaagtatgt gcgattggag cgaggtcgga ttcgccaccg      120

ccactcgtgc cttgtgtgag tcaaggtcac aggcagctct ccttcgtgat aaccttatgg      180

agctactata tggtgttatg tctcacacgc ccgtgaccga acggatggta cctgcaacct      240

gtaccttccg ttatgcgtag caccttaatc caattaagcc aattggcgcc gaatatgcgg      300

attaacaagg cagagtccat atgtgtcaat cacaatatgc aatccaattg cgaggccaag      360

agcctatgat ttcttaacca gcaatacatt agtggttaag gagatccgct ttgactagta      420

atacaagcaa aggacaggcc ctacatgcct cagtaattac actagatgtt ctccgatcgc      480

cttaccgcac cttacgcgtc ccttctaaca ggcgccattg cgcagcaatt gacgctgacc      540

gatcggataa cgtcaccttg cgtgtaccag agcgccacac ggttccgcaa ttcctacagc      600

caacaccgca gatcgtcgcg ttacagttag ctctgtgtat cctattgtta tccacacaga      660

ctggaactgt gaatgatctc ttgtctacat ccgcatacga tgttccggct ggccaatatt      720

tggccggatt acgttcctta gtaagcaacg ttcatggttc acgttagccg gccatgtgcg      780

ctatagtctt tgataacgag gaagaacgct gcggagccaa aaggacgcac atagccaaga      840

tagaactaag gttgtgacta gtgctaggtt tccgtatact tccgttatgt gtcgagcacc      900

tgacggccgt tcttagctat agctaagcgg gatattgtgt tacacgttga tactgttcca      960

aatattgcca ttcctcggtg agtatcagtt tatgatggcc tagaattgga tgtggcgcat     1020

ggcttggcca gccggtggaa aggcgcataa tgagacttgc gcacactggc gacaaccgga     1080

atggcgtgcc gcgtggatgg gaagtgaatt tcgtgcattc agagcttatc ccagtcgacg     1140

cctccggttg gattcgcagc                                                 1160

<210>  19
<211>  1160
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  Artificial Sequence

<400>  19
aaccttatgg aaggacgcac aatattgcca aatccaattg aattggcgcc acatcgaacc       60
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accacagtcg acggatggta acgttagccg acgttcctta actagatgtt agagcttatc      120

agcctatgat agcgccacac agctaagcgg agctactata aggacaggcc aggaggtatc      180

aggcagctct aggcgcataa agtatcagtt agtggttaag ataagattgg atacaagcaa      240

atagccaaga atggcgtgcc atgtgtcaat attaacaagg attgcacata caacaccgca      300

caattaagcc cacaatatgc caccttaatc cagagtccat cagcggtaga cagtaattac      360

ccactcgtgc ccagtcgacg ccgcatacga ccgtgaccga cctattgtta cctccggttg      420

cctgcaacct ccttcgtgat ccttctaaca cgaggccaag cgaggtcgga cgcagcaatt      480

cgtcaccttg cgtgtaccag ctacatgcct ctatagtctt ctccgatcgc ctctgtgtat      540

ctggaactgt cttaccgcac cttacgcgtc cttgtgtgag gaagaacgct gaagtgaatt      600

gaatatgcgg gaatgatctc gacaaccgga gacgctgacc gagatccgct gatattgtgt      660

gatcggataa gatcgtcgcg gattcgcagc gcaatacatt gcacactggc gccatgtgcg      720

gccggtggaa gcgattggag gcggagccaa gcgtggatgg ggaagtatgt ggccaatatt      780

ggcgccattg ggcttggcca ggttccgcaa gtaagcaacg gtaccgatta gtaccttccg      840

gtcgagcacc gtgctaggtt gttgtgacta tacacgttga tactgttcca tagaactaag      900

tagaattgga tatgatggcc tcaaggtcac tccacacaga tccgtatact tccgttatgt      960

tcgcgactcc tcgtgcattc tctcacacgc tcttagctat tgacggccgt tgagacttgc     1020

tgataacgag tggccggatt tggtgttatg tgtggcgcat tgttccggct ttacagttag     1080

ttatgcgtag ttcatggttc ttcctacagc ttcctcggtg ttcgccaccg ttcttaacca     1140

ttgactagta ttgtctacat                                                 1160

17
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CLAIMS 

What is claimed is: 

 

1. A set of oligonucleotides comprising a plurality of subsets of oligonucleotides, 

wherein:  

the set of oligonucleotides is configured to identify sources of nucleic acid samples in 

multiplex massively parallel sequencing, each of the nucleic acid samples comprising a 

plurality of nucleic acid molecules; 

the set of oligonucleotides comprises a set of index sequences comprising at least 6 

different index sequences, each subset of the plurality of subsets of oligonucleotides 

comprising a plurality of index sequences of the set of index sequences; 

a Hamming distance between any two index sequences of the set of index sequences 

is not less than a first criterion value, wherein the first criterion value is at least 2; and 

the set of index sequences comprises a plurality of pairs of color-balanced index 

sequences, wherein any two bases at corresponding sequence positions of each pair of color-

balanced index sequences include both (i) an adenine (A) base or a cytosine (C) base, and (ii) 

a guanine (G) base, a thymine (T) base, or a uracil (U) base. 

 

2. The set of oligonucleotides of claim 1, wherein each subset of the plurality of subsets 

of oligonucleotides comprises one or more pairs of color-balanced index sequences. 

 

3. The set of oligonucleotides of any of the preceding claims,  

 wherein the set of oligonucleotides comprises (a) double-stranded or Y-shaped 

sequencing adapters, each strand of each double-stranded or Y-shaped sequencing adapter 

comprises an index sequence of the set of index sequences or a reverse complement thereof; 

or (b) pairs of single-stranded oligonucleotides, each pair being provided together in a 

reagent, each oligonucleotide of a pair comprising an index sequence of the set of index 

sequences or a reverse complement thereof; optionally 

wherein (a) each Y-shaped or double-stranded sequencing adapter comprises a first 

strand comprising a first index sequence selected from a first subset of the set of index 

sequences and a second strand comprising a second index sequence selected from a second 

subset of the set of index sequences (or reverse complements of the second subset); or (b) 

each pair of oligonucleotides comprises a first oligonucleotide comprising a first index 

sequence selected from a first subset of the set of index sequences and a second 
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oligonucleotide comprising a second index sequence selected from a second subset of the set 

of index sequences (or reverse complements of the second subset); optionally 

wherein the first strand of each Y-shaped sequencing adapter comprises a P5 

flow cell amplification primer binding site, and the second strand of each Y-shaped 

sequencing adapter comprises a P7’ flow cell amplification primer binding site. 

 

4. The set of oligonucleotides of claim 3, wherein the first and the second index 

sequences respectively are: the n
th

 10-mer in SEQ ID NO: 10 and n
th

 10-mer in SEQ ID NO: 

11 or a reverse complement thereof; the n
th

 10-mer in SEQ ID NO: 12 and n
th

 10-mer in SEQ 

ID NO: 13 or a reverse complement thereof; the n
th

 10-mer in SEQ ID NO: 14 and n
th

 10-mer 

in SEQ ID NO: 15 or a reverse complement thereof; the n
th

 10-mer in SEQ ID NO: 16 and n
th

 

10-mer in SEQ ID NO: 17 or a reverse complement thereof; or the n
th

 10-mer in SEQ ID NO: 

18 and n
th

 10-mer in SEQ ID NO: 19 or a reverse complement thereof.       

 

5. The set of oligonucleotides of any of the preceding claims, wherein the set of index 

sequences comprises a plurality of non-overlapping subsets of index sequences, a Hamming 

distance between any two index sequences in any subset is not less than a second criterion 

value, optionally wherein the second criterion value is larger than the first criterion value.  

 

6. The set of oligonucleotides of any of the preceding claims, wherein an 

oligonucleotide of the set of oligonucleotides comprises an index sequence on its 3’ end and 

an index sequence on its 5’ end.  

 

7. The set of oligonucleotides of any of the preceding claims, wherein the set of index 

sequences is comprised in Y-shaped sequencing adapters, each Y-shaped sequencing adapter 

comprising an index sequence on only one strand. 

 

8. The set of oligonucleotides of any of the preceding claims, wherein an edit distance 

between any two index sequences of the set of index sequences is not less than a third 

criterion value.  

 

9. The set of oligonucleotides of claim 8, wherein the edit distance is a modified 

Levenshtein distance where end gaps are assigned no penalty.   
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10. The set of oligonucleotides of claim 7, wherein:  

each index sequence of the set of index sequences has 8 bases; 

the first criterion value is 3; and 

the third criterion is 2; or, wherein:  

each index sequence of the set of index sequences has 10 bases; 

the first criterion value is 4; and 

the third criterion is 3. 

 

11. The set of oligonucleotides of any of the preceding claims, wherein the set of index 

sequences comprising at least 96 different index sequences. 

 

12. The set of oligonucleotides of claim 1, wherein the set of nucleotides are provided in a 

container comprising multiple separate compartments, and wherein each compartment 

contains (a) a first plurality of oligonucleotides comprising a first index sequence of the set of 

index sequences and (b) a second plurality of oligonucleotides comprising a second index 

sequence of the set of index sequences, an ordered combination of (a) and (b) in the 

compartment being different from ordered combinations of (a) and (b) in any other 

compartments. 

 

13. The set of oligonucleotides of claim 12, wherein the first and the second index 

sequences in a compartment respectively are: the n
th

 10-mer in SEQ ID NO: 10 and the n
th

 

10-mer in SEQ ID NO: 11 (or a reverse complement thereof); the n
th

 10-mer in SEQ ID NO: 

12 and the n
th

 10-mer in SEQ ID NO: 13 (or a reverse complement thereof); the n
th

 10-mer in 

SEQ ID NO: 14 and the n
th

 10-mer in SEQ ID NO: 15 (or a reverse complement thereof); the 

n
th

 10-mer in SEQ ID NO: 16 and the n
th

 10-mer in SEQ ID NO: 17 (or a reverse complement 

thereof); or the n
th

 10-mer in SEQ ID NO: 18 and the n
th

 10-mer in SEQ ID NO: 19 (or a 

reverse complement thereof).   

 

14. The set of oligonucleotides of claim 12, wherein each index sequence comprised in 

the first plurality of oligonucleotides is selected from a first subset of the set of index 

sequences, and each index sequence comprised in the second plurality of oligonucleotides is 

selected from a second subset of the set of index sequences, the first subset not overlapping 

the second subset, optionally 
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 wherein a Hamming distance between any two index sequences in the first subset or between 

any two index sequences in the second subset is not less than a second criterion value, or  

wherein the second criterion value is larger than the first criterion value.  

 

15. A method for making a plurality of oligonucleotides for multiplex massively parallel 

sequencing, the method comprising: 

(a) selecting a set of index sequences from a pool of different index sequences, 

wherein 

the set of index sequences comprise at least 6 different sequences; 

a Hamming distance between any two index sequences in the set of index 

sequences  is not less than a first criterion value, wherein the first criterion value is at 

least 2, and  

the set of index sequences comprises a plurality of pairs of color-balanced 

index sequences, wherein any two bases at corresponding sequence positions of each 

pair of color-balanced index sequences  include both (i) an adenine base or a cytosine 

base, and (ii) a guanine base, a thymine base, or a uracil base; and  

(b) synthesizing the plurality of oligonucleotides comprising the set of index 

sequences. 

 

16. The method of any of claim 14, wherein step (a) comprises: 

(i) selecting a candidate set of index sequences from the pool of index sequences; 

(ii) separating the selected candidate set into a plurality of groups of color-balanced 

pairs of index sequences; and 

(iii) partitioning each group into two subgroups of color-balanced pairs using a 

bipartite graph matching algorithm, wherein each color-balanced pair is a node in the 

bipartite graph. 

 

17. The method of claim 15, wherein two nodes are connected if the Hamming distance 

between index sequences of the two nodes is less than a second criterion value, wherein the 

second criterion value is larger than the first criterion value. 

 

18. The method of claim 15, wherein step (i) comprises: 
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(1) adding to the candidate set a randomly chosen pair of  color-balanced index 

sequences from the pool of index sequences, wherein the pool includes all possible n-mers; 

(2) sorting index sequences remaining in the pool of index sequences based on 

minimum Hamming distance to members in the candidate set; 

(3) removing any remaining index sequence whose minimum Hamming distance to 

the members in the candidate set is less than the first criterion value or minimum edit distance 

to the members in the candidate set is less than a third criterion; and 

repeating steps (1)-(3) to maximize a size of the candidate set; or 

 wherein step (ii) comprises:  

(1) randomly selecting a seed for each of the plurality of groups; and 

(2) greedily expanding each of the plurality of groups. 

 

 

 


