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Abstract

In a recently patented method, polymerase chain reaction is possible using only one primer.

The method uses two common adapter sequences and a primer designed to match a repetitive element

from a genome. A particular primer can be designed to target a particular number of loci. The focus of
this study was to apply a computer program to several example genomes to isolate the best candidate
primers. The candidate primers had to meet several requirements including an appropriate melting
temperature, length, mapability of flanking regions, and expected number of loci. A maximum of 20
candidate primers were selected for each genome. Some of the primers have been tested, but future
work is needed to demonstrate that the theoretical results match the experimental results across
species. If the experimental values verify that the primer selection method works as expected, then in
the future the method could be applied for less expensive gene sequencing, forensics, as well as

paternity tests.
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Fig 1. A method recently developed subsamples genomes with a 0 50 100 150 200

single primer and two common adapters. The primer is a

sequence of nucleotide bases that is repeated throughout the

genome. The current study is based around finding these

repetitive sequences that return areas of interest in the
genome.

Species Common Name Genome Size (Gb) Expected number of loci Melting Temp (*C) Avg. distance to first single copy kmer
* Apis mellifera Honey Bee 0.23 11,800 28 3.54
" < " Bos taurus Bovine 2.67 228,400 64.4 39.82
"'Bostaums Bovine 2.67 140,800 495 71.34
» Danio rerio Zebrafish 1.68 91,200 59.2 18.33
c ) ~ Gallus gallus Chicken 1.07 40,800 50.0 0.59
Gallus gallus Chicken 1.07 21,200 529 1.52
i ~ " Homo sapiens Human 3.20 746,000 63.0 3.75
KVVHomosapmns Human 3.20 66,200 63.1 4.22
=‘§ > Hordeum vulgare Barley 4.23 258,200 48.5
" Hordeum vulgare Barley 4.23 224,600 54.2
o - " Mus musculus Mouse 2.73 108,400 529 1412
" Mus musculus Mouse 2.73 77,200 51.1
\ﬂﬁ; Oryza Sativa Rice 0.38 5,800 91.3
« /" Psudacris feriarum Chorus Frog 4.20 447,000 60.4 69.03
" Psudacris feriarum Chorus Frog 4.20 354,000 58.4
§ ~ " Python molurus Python 1.44 40,200 57.9 4457
~ Python molurus Python 1.44 17,000 53.7 8.50
* Strongylocentrotus purpuratus Sea Urchin 0.92 72,200 70.9 95.53
0 < ~ Zea mays Corn 2.18 162,200 70.3 96.54
~ Zeamays Corn 2.18 57,200 55.5 103.24

Table 1. A table summarizing properties of some of the most
prevalent kmers in 12 different species. Properties such as
melting temperature, average distance to mapable region,
and the expected number of loci that will be returned.
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Fig 2. The new method is highly repeatable
across technical replicates. Here, we present
the coverage from two replicates showing the
repeatability of the method. The two clouds
of points above result from heterozygous (cov
~ 40) and homozygous (cov ~ 80) loci. The
coverage after sequencing. The spread of this
coverage would imply that this particular
individual is heterozygous, so there are two
distinct groups of coverage.

The program used to locate these primers takes a fasta
and scans 1% of the file to quickly get an idea of the
prevalent kmers. Once the program has identified
possible kmers, it goes through and eliminates kmers
that appeared too few times or had too many tandem
repeats. Once the initial candidates have been
determined, they are sorted into clusters to account fo
kmers that are identical except for one or two base
pairs. Finally, the dominant kmer for each cluster is
printed.
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AGBATACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTGAAATAGAAGTAABTTACAAATCTGTTTAACTTTCTGGCACCAGCTGHEITT TAAATGEEEEEATEGGAGTN
AGBATACAGCAGCTGATAAGTACTGGAAGGATTRAGATTTTTTINIANAGAAGIEA T TIHAGAAATENGT THAAET THENGGEACEAGTMGAT TAMAAAAGBAMT TGT TTMCC(
AGCATACAGCAGCTGATAAGTACTGGAAGGAT TGAGATETETEAAATAA ABATAAT TIHAGAGAC THEEGGTTEEGGEGCETGGGANG T GAGGAEGTGTETEARE TEAGCIC(
EACATACGGCAGCTGATAAGTACT GGAAGGAT TBEGAT TTTTAAATAGAMATAATTTACAAATIITG TABAACTTTCTGGCACCAGHMTGATTTHAAGGEANMT TET TTMCCE
AGBATACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTHATANAAGTINIETGGCAGEAGETGATAAAAAAAAAATTC CAGCAGAGT TEGEETTTAAGGA T GEAAG(
EACATACGGCAGCTGATAAGTACT GGAAGGAT TBEGAT TTTTAAATAGAMATAATTTACAAATIITG TABAACTTTCTGGCACCAGHTGATTTHAAGGEATNT TET TTMCCE

AGBATACABCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTAABAGAAGTAATTTACAAATCTEETTAACTTTCTGGCACCAGCTGATTHERAAABAANGARAEGAAGGHIGHE(
AGBATACAGAAGCTGATAAGTACTGGAAGGATTGAGATTTTTTAATAGAAGTAATTTACAAATCTGTTTAACTTTCTGGCACCAGCTGATTHAAAAAAAAABRTTTTTCCCE
AGEATACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTAATAGAAGTGATTTACAAATCTGTTTAACTTECT GEMGCCINAAAA TEAAAMGAABAGTAATATGGG(
AGBATACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTAATAGAAGTAATTTACAAATCTGTTTAACTTTCTGGCACCAGCAGATERAAAAAAAAAABRTTTEEACC(
AGCATACAGCAGCTGATAAGTACT GGAAGGAT TGARTGGAGATIEN T ABATAAAARTAANTTAGARATETANNTAACTIIC AGGEACEAGE T GAINEITAANTEEEEEECAC(
AGBETACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTAATAGAAGTEATTTACAAATCTGATTAACTTECTGGCACCAACTGATABRNAAAAAAAABRTGT TTIHCCE
AGCABACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTATAGAAGTAANT TAGAAATETGT T TAAGT T TECAGEATTTTE C ACEGGAGTTEEETTT T AAGE T CImT
AGBATACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTHATAGAAGTAATTTACAAATCTGTTTAACATECT GGAACCAGCTGATERAAAAAAAAAARAT TEEACCE
AGBATACAGCAGCTGATAAGTACTGGAAGGATTGAGATTTTTTATAGAAGTAGTTTACAAATCTGTTTAACTTTCTGGCACCAGCTHATTERAINNNNNENRELT TE@A TCGGE
AGBATACAGCAGCTGATAAGTACTGGAAGGATTAAGATTTTTAATATAAGTAANT TAGAAATETGT T TATETT T TGGEACCAGTTGAGT TGAAAABAIRERGTTTT TE@ACCC

AGBATACAGHAGCTGATAAGTACTGGAAGGATTGAGATTTTTTAATAGAAGTAATTTACAAATCTGTTTAACTTTCTGGCACCAGCTGATEBAAAAAAANGT TTTEEAMC(
AGBATACAGCAGCTGATAAGTACTGGAAGGGTTGAGATTTTTTIHATAGAAGTAGTTTACAAATCTGTTTAACTTTCTGGCACCAGCTHATARAINNRNNNNELT TE@ATCGGE
AGBATACAGCAGCTGATAAGTACT GGAAGGAT TAAGAT TTTTAATATAAGTAATT TAGAA ATETGE T TATTETT TETGGEACCAGTTGAET TGAAAABATTETG T TTTTCACC
AGBATACAGCAGCTGATAAGTACTGGAAGGATTRABATTTTTTATAGAAGTAATTAACAA ATETGTAAAAAAAAAATAATTCCABCGGAGT TEEEETTTAAGEE TG TINCAC
AGCATGCAGCAGCTGATAAGTACTGGAAGGATTGABATTTTTTFTAAAGAAGTAAT TTACGAAATETGT TTAAEGT TTETGGEACEAGETGAT THEAAAGAAAATGT TTGAAE

Fig 3a. Original sequence retrieves 166,400 loci.
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AABTTACAAATCTGTTTAACTTTCTGGCACCAGCTGRTTTAAATOCCCCGATEGGAGTA CEEET 1 T AAATAGETETGTA A AATAGTFTTGEET AGGGA TEGGEEGGEAR T GEAE A TACAGAG)
BATTTA “TGTTTAACTTTCTC cCAGHRTGATTERAAAABARETGTTTTCClBCcCHBGAGTHRCcCCCTTTAARMGABABAAAATIGAAGATICEAENABAGE T T TETTGETTHG TGEGETGHE

BAaTTTACH
AATTTACA
BATTTACH

CTGTTTAACTTTCTGGCACCAGCTGGTHEEA AFGETT TEEAC C GGHCTTEEE C TITAAGGATEARGGGEGT A BEE FAEcEEE TcG TEEEGE T@E TG T TG T T TAREGE
GTTTAACTTTCTGGCACCAGCTGATTTAAAAAANAANEETTTCCACCGGARTECCCCTTTAANGAGAAAAAAGAAANGARAAGHEEEEEE T TTTTTGGTTHTGIEEEET!
AGCTGGTERAAAAAAATGET T TEEAC C GGAGTTEEEC TTTAAGG ATE A AcGGEGT A BEE T BcE8@ T ccTEEEcE @@ TcTTGT T TRAEGE
CTGATTTAAAAAAAARBBETTTCCACCGGARTRCCCCTTTAABGAGAAAAAABGAAABGABRAAGRRREREA TTTTTTGGT TET GEREA T/
CRGATTRAAAAAAAAARARAT TRCEACEcGRAGTRC CcC@T THAAGGAEEA AGGGEGH A G~ CAT A GAGEE TG TEEEAE TEEEG T TG TTTAI
CCAGCTGATTHAAA AABRTTTTTCCEBACEGGAGTRCCCEBT THAAEABEECETEGE A GEGEGAGEGGG TG T TAAAE T GEAGGAGEGGGAGE!
“CAGCHGATERBRAAAAAAAAART T TIEEACEGGHECTTEE C T TAAGGAEGEAAGGCEATABABAFABABEE 166 TEEEAE 888G T TG T T TRAEGH
T T TEEACFGGACTTASE T TAA TFAT A G TFFTTccR B8 8- @RE . GGTTGTTTET T TEAE T c GAGAAGEEE

CTGTTTAACQIITTCTC
GTTTAACTTTCTC

CTGTTTAACTTTCTC
CTGTTT
GTTTAAC

CTGTTTAAC CCAGCTGATAAA
TGTTTAACTTTCT CCAGCTGATTTA AAAABT TERBCCACCGGAGTRCCCCTTTAACEEETTAAGGATGETG A ABGEAGETGCEEEEEGG 761 THE T AGARGEAI
CTGTTTAACTTTCTGG CTEATERAAAAAARAARAA TEET CHGGAGCTAGEC T AAEETET ™ AAGGABGEAGEET A AAAGTREEE T TRGGAEGEAGEE T TTTT TGl
CTGTTTAAC CCAGCTEATTEATTEERRLT 1 TEEA T CGGACTAESTEETTTAAGE A A GFTEE A A GTGEET » A TTEA G~ ATGERAT T TGEA TAGCEA T AGEA T AE
CTGTTTAAC AGCERGATTEAAAAAAARG T T T TIEEA CEG G GFTEE C i TAATAGATAGETT A A8AGAGATTATGTEAGAEGAGA TG TATAG TETAGAG TA
CTGTTTAAC CCAGCTHATEEAAAA/ A A RAE TEET CTcGAGCTASEC c G TAAGEEET T A~ AGABEGGGEEE A TRTTGGEE T TAAGGAGEAAGEGATTTTEA
GTTTAAC “AGCTGATEREAAAAAAARGTTT TEEATEGARGGGEEC T THAAACEATAGEEA ABAFAFTTAGAAATGRE T TTGEAE T T TETGGGGEEAGTI
CTGTTTAAC CCAGCTERATERAATTERELLT 1 TEEA T CGGACTAETEETTTAAGE A A GFTEE A A GTFGEET A A TTEAAE B TGEAR T TTGEA TAGEA TACEA T AE
CTGTTTAAC CCAGCTGATTTEAAAGAAAATGTTTGARATFACEEE T T FTARNACEEETTT A A A8/ FAFcETTEET G GETAGAGGAGAG TAEEAG T TGG TIEEA TEl
GTTTAAC CCAGCTGATTTAABATETEE T TTETECAATGCAGTAGC CFF TAAATETE T A BAGAGGAAGAAAGTTGAGAAGARA TETAG TATTETAGAT T T
CTGTTTAAC CCAGCHAGATTEAAAAAAAAATGTTTTCCACRGGAGTTCCCCTTTAATMGEATAGAAABAAARATEAGAATATEAGRAT TTET TTT TATARARAG
GTTTAAC CAGCTGATHEEA AGTTTTECAETGGAGT TECc CifT THAGGEABRGGABETEE . A GGHAGTEAR T T TETGARA AT T AEEEG T cEEAGEAI
CTGTTT AGETGATTTG FETGTTTTCCACCAGAGTRCCCCTTTAARGHTGANGGEEE A GCETEE A TTEE EAE T cEEE @8 @ TTTGTETE
CTGTTT CAGCTGRTTRAAAAAAAAANARAAAAA ~ AARATE TE8CAC CGGACTTEEEETTT A ABTTAGAGATABARG TEEARGA T TGAA T TEAGAGAA TG
\ GTTT AGCTGATIEBAAA ABGTTTTECABCGGEGTAGC cCiAT TRGAGEA A B AFcEE A AB8T A TcAGETEAGRAG TRA TEEE T TRATE TEEE
AATTTACAAATCTGTTTAACTTTCTGGCACCAGCTGATTTAAAAAAAAARTRARARAATCEEAEEGGCGHTEEEETTTA A GEETTTE A GGABE TGGETEAT 7T TGGEE T TEAGGAGE TG caa

Fig 4a. Slightly shifted primer sequence retrieves 79,480 loci.
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AATGTTTTCCACCGGAGTACCCCT TTAAGACBAAAATTGAABAAT THACAATGACATAAATAACATGTAT TAE TGAABAGTAGGECCAATACTACACAACA T TGIFrEECTGGAL
AATGTTTTCCACCGGAGTACCCCTTTAAGAGAARAATGAAGAAT TTAGAATGACA TAAATAACATGTATTAGTGAACAGTAGGECEAAT ACTACACAACA T TGTEEETGGA
AATGTTTGECACCGGAGTACCCCTTTAAGGAATEEETATTAGT TGGTIETECEEAGGGGTEAGGEAGEGEAGTAGTEAAAACAACEAAAECAACAGECAT TAGTTAGEATA
ATAAGAT TCCACCGGAGTACCCCTTTAAGGGTGEGT TEACAEGTGETTATET TTGET TEAGAT TTGET TETGEAGATTTGGET TEEEATTGAAAG TEACEE TEEAAGGGG
GI@E@ TGEEGC ACCGGAGTACCCCTTTAAGTE@AGEGTTAGT TG TETEAGAAGTEA TGEE TAAGGEE T GEEAAGTETAT AAGEAGAAGEATTGETAG TAGAGTGEGTAEAAG
AABABRAT TCCACCGGAGTACCCCTTTAAGGACEBAAGGGEGTATGGABATGETTTTGTGTCETGGGTETEAAGGABEAAGGGEGTABEEATABGGEETGG TEEEGE TEEEA
AABAGAGAGTACCGGAGTACCCCTTTAAGGACEBAAGGAGGTAGATGTAEBGTCETGGTECAGGGGEAT TAEA TATAAEGE TEAETEAGGEGG TGAGEGAGEATTATAEAAGH
AATEATTTTCCACCGGAGTACCCCTTTAAGGACEAAGGGEGTATGGATAGGECTTTGTGTCATGGGTET TAAGGABEAAGGGAGTABEEATAGGEEE TGG TEAEGE TEEEG
AATGTTTTCCACCGGAGTACCCCTTTAAGATGEATTETET I TACGTTGEGAGCAGEGEATGECAAAA TGAAEGGEEGT TMTAAT TETAGAGGATITATEEAGTGACGAGAGAA
AATGTTTTCCACCGGAGTACCCCTTTAAGATATATNGTATTATGGGETG TGGTAAAG TGTATGGGAAAGTGGTGGAEGGGGTGTATATETEAGETGATI TEETTAACEAG)
AATGTTTTCCACCGGAGTACCCCTTTAAGGACEAATAGEAAGTETGETG TEAGET TTAGGETAGGT TTEEAETINET TANGTAGTGGINER T T TECEEE TAAA AAAAGEE
GTAEGTTAGCACCGGAGTACCCCTTTAAGGGGETTTEEAATETEGTAAATTIGATGGAATAT TGETEACTTGAATGGEGET GGG TGGETGGAAGEECCAC TGTGEATGARA
AATGTTTTCCACCGGAGTACCCCTTTAAGGACEBAAGETEATTT TEACCEAAAGGACEEGGECAAT T TTEGT T TINET TGEATT T TEGTTT T TTEE TEET TE T GTAGGTEE
AATGTTTTHCACCGGAGTACCCCTTTAAGGACAGAGEEAGET TAANTHT TGRAT T T TEATTTT TAGE TCETCACE T TIRTAAAAGEEAT ARG T T TTTANT T THCOATEEA
AATGTTTTCCACCGGAGTACCCCTTTAAGATATTEEAGAATAGEATECE TEA TAAACCEC TCAAAAATETTACCCACAAGATATT TTAAAGTTACAGGEE TATAG TTECEE
AABTGTTTRCACCGGAGTACCCCTTTAAGGGGTTAAATGTAGAAGGAT T TGGET TETGEAGETGATAT TGG T TECACAGACCEATATTT T TIGEGTGAGEEATTGTAGT
AGTEAGAACCACCGGAGTACCCCTTTAAGGETEEACAGTATAGTEETHT TACTEEEGT TG TGEEA T EEATEEGA AGATAGEGGGAGAAABAGATEATAATGAGAARTGRGAI
MGTGTTTTACACCGGAGTACCCCTTTAAGETG TIRITGACACCACEA AGEETTGGGAAGTGGTGAAAGECCCACCEAEGGGGGGGGGGGGGGGGAGAGGAET TETE@TTAGE
GTAT TATAGCACCGGAGTACCCCTTTAAGAGGTETGTAGETET TAATARAAT TAGEACCATT TACT TGAGABRATGTGAATETTTAACEEET TAAGGACEAAGGGEATATG
AABABATTCCACCGGAGTACCCCTTTAAGGARAGAAAGTAGGT GGGGGAAAGGEGGGGTTAAGECATAT ACAAGT TAGTGAAT TEAGTET AAGEAGAGA TEAGTEEAAAG
AATIRTTTTCCACCGGAGTACCCCTTTAAGGARAGAAAGTAGGT GGGGGAAAGGEGGGGTTAAGECATAT ACAAGT TAGTGAAT TEAGTET AAGEAGAGA TEAGTEEA ARG
AATGTTTTCCACCGGAGTACCCCTTTAAGGGGTNAAGGTAGATAAAGGEEAGAATGGAAGAAAAAGAE TEEA TTEC T GEEGGATT TEEAGEAAACAAATE TAAGEGEGEE
AATGTTTTHCACCGGAGTACCCCTTTAAGTGAAGAGETAARAAGTGAAGAGTGET T TAAG TGAAGAGT TAANAGEAGGANAANTGGGEAAGAGTAATGATETAAGAGAET
AATGTTTTHCACCGGAGTACCCCTTTAAGTGAAGAGETAARAAGTGAAGAGTGET T TAAG TGAAGAGT TAANAGEAGGARAANTGGGEAAGAGTAATGATETAAGAGAET
AABABAT TCCACCGGAGTACCCCTTTAAGGETATGT TACGAGACATGEGATAACE TATGGTAAGT TAGAGET TG T TAAAAACACACTGEAGAAGEGGA T T TRGTATGET

Fig 5a. Further shifted primer sequence retrieves 10,952 loci.
Possible variations in nucleotide bases leads to the sequence
not looking identical to the sequences above

Results
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Fig 3b. Expected spread of retrieved loci
throughout genome for original sequence
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Fig 4b. Expected spread of retrieved loci
throughout genome for sequence shown
in fig 4a.
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Fig 5b. Expected spread of retrieved loci
throughout genome for sequence
shown in fig 5.
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Fig 6. As reading frame of primer is shifted, fewer
loci are retrieved until single copy regions are
reached

Discussion

Figures 3-5 represent the versatility of this sequencing method when it comes to choosing a primer. Figure 3

represents the original primer sequence that in P. feriarum can yield information from over 160,000 loci.
Figures 4 and 5 demonstrate that by shifting the starting point of the primer, the number of loci can be
reduced to the desirable number. Overall, this method is incredibly versatile due to its ability to be used

loci returned matches the expected number.

across species as well as its ability to be modified to retrieve a desired number of loci. Going forward, the next
steps following this study will be to test the selected primers for each of the genomes to see if the number of
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