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Introduction

An essential feature of each diagnostic PCR or gPCR assay iIs to detect as many genetic variants of a given virus or bacterial taxon as possible. A crucial step in such a screening
assay design is a proper oligonucleotide selection. Therefore, identification of the evolutionarily most conserved regions of the targeted virus genome is of utmost importance.
However, this crucial step is frequently underestimated in the literature. We set up a simple workflow how to align, process, and evaluate a huge set of homologous nucleotide
sequences in order to reveal the variability at each particular position. All of the steps were performed by using an ordinary desktop computer without the need for extensive
mathematical or computational skills. The workflow was demonstrated on aligning more than 15.000 avian influenza A virus (IAV) M segment nucleotide sequences. The whole

procedure takes a few hours and usually do not exceed a half working day in dependence on the internet connection speed and server occupancy respectively.
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AF156460 A/Pigeon/MHong Kong,
AF156461 A/duck MHong Kong:
AF156462 A/duck MHong Kong:
AF156463 A/Quail/Hong Kong/c
AF156464 A /Chicken/Mong Kane
AF156465 A/Quail/Hong Kong/a
AF156466 A/chicken/Beijing,/ 1,1
AF156467 4/ Chickenforea 382
AF156463 A fchickenforea /252
AF156469 4 /Shorebird/Delawar
AF156470 &/Quailfarkansas 29
AF156471 AfMurkey /California, /1
AF093560 A /Chicken/MHong Kane
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unaligned sequences were shown by using the AliView program [2].
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AF098561 &/Chicken/Hong Kone ! BI AliView - 2. Multipple sequence alignment. txt 2 M I t : I I : ? M s A
AFD98562 ﬂicﬂict'?”ﬁﬂﬂg Kong W Fil= Edit sSelection View Align  Primer—teterrmemmeree— ° u 'p e Sequence a 'gnmen
AF093563 A /ChickenMHong Kon ! T
AF002564 4 /chickenHong Kong A EHENS A R | L
AF098565 A /duck /Hong Kong/&t 40 v o 60 W 70 50 v a0 100 V¥ 110 120 13
AFD985E6 A,/Duck/MHong Kong/p: il couocucn mpguse oy gy o | 422t T b gyl 2 pd g Cddddddddddedocctdduuddgyedygddddgedidectudicicdododiyiddygy - O . . . . . .
AF098567 4,/Duck Hong Kong/y: P GU052043 AfgooseHong Kong/ — | - - - - - - - - - - - - - - oo oo oo taga--tattg-a-aagatgagrcottot-aaccgaggtogaaacygtacygtt-Cctototatogtoocgtoagy-¢ For MSA the Onllne Version Of the MAFFT V 7 (MUltlple Allgnment US|ng FaSt Fourler TranSform [3]
AF098568 A/Goose/Hong Kong/ PC052051 AfgooseMHong Kong/ | - - - - - - - - - - - - - - - - - - - - - - taga--tattg-a-aagatgagtcocttct-aaccgaggtcogaaacgtacgtt-ctoctotatcgteccgtoagg-c ' '
AF203788 A/ChickenKores M GUDS2058 AfgooseMong Kongf |- - - - - - = - = = = = = - = = — - - - - - taga--tattg-a-aagatgagtcttcoct-aaccocgaggygtogaaacgtacygto-octototatogtooocgtoagg-c
AF250482 A/TealMHong kKaong A AY0S9506 AfGoose/Hong Kong/ |- - = - = = = = = = = = = & m m e e e e e e e e e e e e e e oo oo atgagtcocttoct-aaccgaggtogaaacgtacygtt-ctototatogtoocgtoagyg-c . .
AF250484 4 /duck/Hong Kong/P: ANDSOS0F AfGoosetongkong/ -~~~ =~ = - - - - e s atgagtcttct-aaccgaggtcgaaacgtacgtt-ctototatogtoccogtcagyg-c was |mp|emented The Sequences were Compared relatlve to the reference Sequence
AF250485 A/GooseMong Kong/ AYSE5383 Afduck/Guangdong/0 | - - - - - - - - - m - m m m e m e e o atgagtcttcoct-aaccgaggtcgyaaacgtacygtt-ctotcoctatcgteococogtoagy-c
ﬂ«FESD‘lBEﬂE«qu‘?ﬁEbirdMDr‘lﬂ% AY0S59508 ADuckMHong Kongfe | = - = - = = = = = = = & — & — e e e e e e e e e e e e e e e oo oo atgagtcocttct-aaccgagygtbogaaacgtacygtt-ctcotcotatogtcoococgtcagg -G .
AF250487 A fduck,/Mong Kong/P: AY0S9509 A/DuckMHong Kongfw |- - - - — = = = = = = - - - - - - o o — o oo oo atgagtcttot-aaccgagygtogaaacygtacygtt-ctototatogtoococgtoagy - . . - - . .
AF250488 A /Duck MHong Kong/F! AYD99510 A/GooseHongkKong/ |- - - - - - - = = - = - = - & - - — - — oo oo oo oo oo oo oo atgagtcttct-aaccgagygrtogasacygrtacygtt-ctotoctatogticocogtoagy - ¢ The flgure IIIUStrateS a rOW allgnment by USIng the AIIVIeW SOftWare [2]-
AF250489 A/Duck MHong Kong,/F! CY020037 Afchicken/Shantouf2 | - - - - = = = & - & - — o o oo - atgagtcttcoct-aaccgaggtcgyaaacgtacygtt-ctotcoctatcgteococogtoagy-c
AF250490 A/Duck MHong Kang,/T AYS85384 Afduck/Guangdongfl | - - - - = - = - — - m - m e e e e e e e e e e e e e e e e e oo oo o atgagtcocttct-aaccgagygtbogaaacgtacygtt-ctcotcotatogtcoococgtcagg -G
AF250491 A/Duck Mong Kang,/T AYSE5391 Afduck/Shanghaif0s; |- - - - - - - - = = - = — - — — o m e oo atgagtcttcoct-aaccgaggtcgyaaacgtacygtt-ctotcoctatcgteococogtoagy-c
AF250492 A /Duck MHong Kaong/™: AYS85396 Afduck/Zhejiang/1lfi |- - = - = = = = = = = - — e e e e e e e e e e e e e e e e oo oo o atgagtcocttct-aaccgagygtbogaaacgtacygtt-ctcotcotatogtcoococgtcagg -G
AF250493 A /duck MHong Kong/P: CY020002 Afduck/Shantoufl9S, | - - - - — - & & & & — o oo oo oo atgagtcttcoct-aaccgaggtcgyaaacgtacygtt-ctotcoctatcgteococogtoagy-c
AF262213 Afchicken/Taiwan,/7- W AYZ21535 AfheasantHongkon |- - - - - - - agcaaaag—l:a——ggtaga——.at.g—a—aagatgagtcttct—aacl:gaggtcgaaacgtacgtt—ctctctatcatcccgtcagg—c
41291398 &/fchicken/Pakistan/z, AY221536 AfChickenMongkong |- - - - - - - - - - - - - tg-ca--ggtaga--tattg-a-aagatgagtcttcoct-aaccgaggtogaaacgtacgttb-ctoctoctatcgtcooegtcagg-c
AFZ222662 A/QuailHong Kong/s AFS09051 AfChickenMong Kong |- - - - - - — - — - — - - tg-ca--ggtaga--tattg-a-aagatgagtocttoct-aaccgaggytogaaacgtacgtt-octototatogoooccgtoagg-c
AF222663 A/PigeonHong Kaong, AFS09047 AfFigeonMHong Kong, |- - - - - - - - - - - - - Ely-ca--ggtaga--tattg-a-aagatgagtcttct-aaccyaggygtogaaacgygtacygttt-ctotcoctatocgtocococgtcocagyg-cC
AF222664 A/Chicken/Mong Konc AF500053 AfChickenMong Kong |- - - - - - - - = - — - - tg-ca--ggtaga--tattg-a-aagatgagtcttcoct-aaccgaggtogaaacgtacgttb-ctoctoctatcgtcooegtcagg-c
AFS09054 A/ChickenMong Kong = o= . 2 it e o o 2 S S S m o e e @ e e g y -

3. Alignment validation

e Vel Clia = Gy [ A liView - *2. Multipple sequence alignment. txt
AF309048 A/ChickenMaong Kang - - - : . _ _ - _
AFS09055 &/Chicken/Hang Kang M File Edit Selection Wiew Align  Primer  External commands  Help
AFS09056 A/ChickenHong Kong - - - 4T R ER e
} /Hiong Kon i |:-. |E’I I|1 A A o

AFSO90E0 A/Chickenbang Kone | - - - J 7L - Preparation of the final alignment requires alignment processing: (editing, trimming,

AFS090465 A/QuailHong Kong,/S - - - Co R R ERE s T

AF309059 A/Chicken/Mong Kaong - - - QAFl443 Highlight difference from majl:lrilw’_!_lg_cgngggm aaacaabatggafagggcagtiaa

ct@taca@yaagoctyaaaag@gaaataacattccatggggctlaa

goactocag

AFS09057 A/ChickenMong Kong - - - QAvY221534 AfFheasantHongkon— pgagatccaaacaafatggafagyggcagtflaa@ct@taca@gaagotyaaaag@yaaataacattccatyyygcEbaas gt@lgcactcag . . ] .
A LY e E AT ~ © 7 ||P357a57 Afthicken/liangsu/ng Hyagatccaaacaaflatyggalfagyggocagt@aa@cti@tacad@aaagctgygaaaag@yaaataacatticcatgygyggcifiaa gt@gygcactcocag removal Of non Informatlve, Short, a.nd |OW quallty SequenceS, and reStoratlon Of the
AY221537 A /Chicken/Mongkiong ---

AF359560 A/goose/Guangdong, TJagatccaaacaaflatygatagyggocagtfaa@ct@tacaagaagoctyaaaag@gaaataacattoccatgyggygci/flaa
AF398429 A/fGooseMHong Kong,’ TJagatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagoctyaaaag@gaaataacattccatgygggci/flaa
AF398430 A/GooseMHong Kong,’ TJagatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagoctyaaaag@gaaataacattccatgygggci/flaa
AY073029 A/fChickenMong Kong TJagatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagoctyaaaag@gaaataacattccatgygggci/flaa
GU0S2028 A/gooseMHong Kong,’ TJagatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagoctyaaaag@gaaataacattccatgygggci/flaa
GU0S2082 A ChickenMHong Kon TJagatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagoctyaaaag@gaaataacattccatgygggciflaa
GU0SZ2020 A/gooseMHong Kong,’ TJagatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagoctyaaaag@gaaatflacattoccatgygggcitlaa
GU0S2043 A/gooseMHong Kong,’ TJagatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagoctyaaaag@gdaaataacattoccatgygggciflaa
GU0S2051 AfgooseMHong Kong,’ TJagatccaaacaaflatyggatagyggocagt@aa@ct@tacaagaagoctyaaaagydygaaataacattoccatgygggciflaa
GU0S2058 A/gooseMHong Kong,’ TJagatccaaacaaflatyggatagyggocagt@aa@ct@tacaagaagoctyaaaagydygaaataacattoccatgygggciflaa
AY059506 A/GooseMHong Kong,’ TJagatccaaacaaflatyggatagyggocagt@aa@ct@tacaagaagoctyaaaagydygaaataacattoccatgygggciflaa
2059507 A/Goose/MHong Kong/! TJagjatccaaacaaflatygatagyggocagt@aa@ct@tacaagaagctyaaaagygaaataacattccatgygggci/flaa
AY5E9383 Afduck/Guangdong/) pWgagatccaaacaatatggatagggcagtaaa@octatacaagdaagctyaaaagagaaataacattccatgyygggctaa
2059508 A/Duck/Hong Kongfw ggagatc|:aalcaatatggatagggcagtaaa Ct@Ataca@gaagctyaaaagdAgaaataacattccatgygyctaa

gt@ycactcocag
gt@ycactcocag
gt@ycactcocag
gt@ycactcocag
gt@ycactcocag
gt@ycactcocag
gt@ycactcocag
goactocag
goactocag
goactocag
goactocag
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gocactocag
gocactocag

AYSE5387 Afduck, /Guangxi/07 /1 - - -
AF465843 A/Duck fanyang fAvL- - - -
AYSE373 Afduck Fujian01/200 - - -
2585394 A/duck /Shanghai 37, - - -
AY5E3390 A/duck, /Guangxi/S3/2 - - -
AY5E5393 A/duck /Shanghai 3s, - - -
AY5E5395 A/duck /Shanghai 3s;, - - -
Do251260 AfchickenMHebei 102 - - -
AYSE379 Afduck Fujian/13/200 - - -

alignment continuity (Fig. 2 red arrows). This step was performed in AliView software

[2].
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AY059509 ADuck/MHong Kong pggagatccaa@caatatggatagggcagtaaad
AY059510 AfGoose/Hong Kong/ pmgagatccaa@caatatggatagggcagtaaa
CY029037 afchicken/Shantowf? gogagatccaasacaafatggatagggcagtaaaa
AY5E5384 Afduck/Guangdongfl pgagatccaasacaatatggatagggcocagthaa
2585391 Afduck/Shanghai/08; pwogagatccaasacaatatggatagggcagthaa
AY385396 Afduck/Zhejiang/11L ggagatc|:aaacaatatggatagggcag.taa
CYO29002 &fduck/Shantou195, ogagatccaaacaatatggatagggcaghbaa

I PNNS.1xt - Notepad

— | 4. Positional nucleotide numerical

summary of numbers of nucleotides at each position
Alignment: MoalexPublikacehPosteryhf. Francie 2015%Postupt3. Aligament walidationt3. Aligiment walidation.txt

Positian A G C T GAP

AY221535 A/PheasantHongkon gWogagatccasaafaafatggatagggocagtofbaasn 1 1527 1 4] 2 14092 ®
AY221536 A/ChickenMongkong Tyagatccaaacaabatggafagyggcagtiaas g i 2558 ESECI g ﬂggi summar Ca Cu a 'On
AFS09051 AfChickenMHongKon, ggagatccasacaafatggatagggocagtofbaasn 4 1328 247 3 o 14044
AFS09047 A/Pigeon/Hong Kong, Hyagatccaaacaatatygatagyggoagtiaas 5 1539 2 1 7 14023
AFS09053 AfChickenMHongKon, wgagatccaasacaafatggatagggocagtofbaasn & 181& z 1 a 14003
. 7 1631 7 2 36 13946
AFS09054 AfChickenMHongKon, wgagatccasacaafatggatagggocagtofbaasn T 1738 g 1 13865 .
AFS09061 AfChickenMHongKon, Wgagatccaasacaafatggatagggocagtofaasn 9 & 11 1755 1 13549 ' 1 1 11 1
AFo09048 AfChkMong Kot | o agatocaaacaatatagotassscancie o doims P om0 3 o PNNS - counting the exact number of informative positions (i.e., A,
. 11 15 1778 - 2 13823
AFS09055 AfChickenMHongkKon, Wgagatccaasacaafatggatagggocagtfbaasn 12 4 1848 0 > 13763
AFS09056 AfChickenMHongkKon, Wgagatccaasacaafatggatagggocagtfbaasn 13 1 2 2 G798 2819
AFS09060 AfChickenMHongkKon, ggagatccaasacaafatggatagggcocagtofoaasn 14 BE37 Z 1 z 8720 1 1 1
e e/ o pozgzrccacacanfarouafeooocaorfe ol BT Gy 30 2 e T(U), C, G and gaps) in each column of the alignment by using the
AFS09059 A/ChickenMongKont mgagatccaasacaatatggatagggcocagthaa 17 ¢ 8 7 FFO3 Faon
AFS09057 A/ChickenMongKont pmgagatccaasacaatatggatagggcocagthaa 13 ggg? %315 g églﬁ ;‘3‘2% . .
AFS09045 A/Silky Chicken/MHon pgagatccaasacaatatggatagggcocagthaa 30 4 1 3 5352 2352 BIOEdIt V7 ro ram [4]
AY221537 A/ChickenMongkong gg.gatc camacaabatggatagdggcagtbaa 21 13 BO45 0 405 Figa " p g "
AYSES387 Afduck/Guangxi/07/l pgagatccaasacaatatggatagggcocagthaa gggggg %S g i Eégg
AF468843 A/Duck/anyang/ayl- pWogagatccaaafflaatatggatagggcocagthaan 54 &7o0 10 a 5 GR20
AYSES37E Afduck/FujianD1200 ggagatccaasafflaatatggatagggcagthaa 25 BF BE17 1 0 G717
o e ? 1 Tit0n  inin A B C D E F G H | J K L M N 0 P Q R S T u v
28 O 14132 O 1 1489 1 | Position A & c T GAP SUM Total Afraq Gfreq Cfreq Ufreq InAfreq  InGfreq  InCfreq  InUfreq Hi{A) H{G) H{C} HiLl} H{i) Y%WCoverage
29 14181 2 ] i 1438 2
o1 Ml 1. I 131 3 1 1527 1 0 2 14092 1530 15622 0.998039 0000654 0  0.001307 -0.00196 -7.33302 0  -6.63988 0.001959 0.004793 0 0.00868 0,015431 9,79
32 1 1 14268 16 133 4 2 1 1558 2 0 14061 1561 15622  0.000641 0.998078 0.001281 0 735308 -0.00192 -6.65993 0 0.00471 000192 0.008533 0 0,015163 9,99
S 7 T PSR 5 3 1 6 1560 1 14054 1568 15622 0000638 0003827 0994898 0000638 -7.35756 -55658 -0.00512 -7.35756 0004692 0021298 0005089 0004692 0035771 10,04
6 4 1328 247 2 0 14044 1577 15621  0.842105 0156627 0.001268 0 017185 -1.85389 -6.67013 0 0.144716 0.290369 0.008459 0 0,443544 10,10
° ° ° off o 7 5 1589 2 1 7 14023 1599 15622 0993746 0001251 0.000625 0004378 -0.00627 -6.68399 -7.37713 -543122 0006234 000836 0004614 0023776 0042985 10,24
S'r| ma"'|on o Se uence var' ' a | "" 3 6 1616 2 1 0 14003 1619 15622 0998147 0001235 0.000618 0 000185 -6.69642 -7.38956 0 0.001851 0.008272 0.004564 0 0,014688 10,36
° 9 7 1631 7 2 36 13946 1676 15622 097315 0004177 0001193 002148 -0.02722 -547826 -6.73102 -3.84065 0026486 0022881 0008032 0082496 0,139895 10,73
10 8 10 1738 8 1 13865 1757 15622 0,005692 0989186 0,004553 0,000569 -5.16878 -0,01087 -539192 -7.47136 0029418 0,010755 0,024551 0004252 0,068976 11,25
11 g 6 11 1755 1 13849 1773 15622 0.003384 0006204 0989848 0000564 -568867 -5.08253 -0.0102 -748043 0019251 0031533 0,010101 0004219 0,065104 11,35
o . . .y . 12| 10 1756 5 20 0 13841 1781 15622  0.985963 0.002807 0.01123 0 001414 587549 -4 4892 0 0.013938 0.016495 0.050412 0 0,080845 11,40
NeXt, the PN NS was conve rted 1{0) entropy Val ues. The entro py quantlfles the amount Of Varlabl I Ity IN [ 1 15 1778 4 2 13823 1799 15622 0,008338 0988327 0.002223 0,001112 -4.78694 -0.01174 -6.10869 -6,80184 0.039913 0,011605 0,013582 0007562 0,072662 11,52
14| 12 4 1848 0 7 13763 1859 15622 0.002152 0994083 0 0.003765 -6.1415 -0.00593 0 558188 0013215 0.0059 0 0.021018 0,040133 11,90
15| 13 1 2 2 6798 8819 6803 15622 0.000147 0000294 0000294 0999265 -8.82512 -813197 -8.13197 -0.00074 0001297 0.002391 0002391 0000735 0,006813 43,55
eaCh COl mn O.I: the a“ nment In th|S Ste the EntrO CaIC |at0r Software 5 was |m Iemented 16 14 6897 2 1 2 8720 6902 15622 0999276 000029 0000145 000029 -0.00072 -8.14642 -883957 -8.14642 0000724 0.002361 0,001281 0002361 0,006726 44,18
U g . p py u p . J17 15 1 6917 4 2 8698 6924 15622 0.000144 0998939 0.000578 0,000289 -5.84275 -0.00101 -7.45645 -8.1496 0001277 000101 0,004308 0002354 0,008949 44,32
18| 16 7358 g 1 4 8250 7372 15622 0,998101 0,001221 0,000136 0,000543 -0.0019 -6,70822 -8.90544 -7.51915 0001897 000819 0,001208 0,00408 0,015375 47,19
Py . ] . o 19 17 3 8 7 7703 7899 7723 15622 0.000647 0001036 0000906 099741 -7.34252 687252 -7.00605 -0.00259 0004754 0007119 000635 0002586 0,020809 49,44
The f|gure ShOWS the Entro pyCalCU |ator Output Wh |Ch |ncludes the Ong'nal P N NS (COIU mns A_ F) sum |z 6597 1515 2 14 7492 8128 15620 0.811639 0,186393 0,000246 0001722 -0.2087 -1.6799 -8.30992 -6.36401 0.169389 0313121 0,002045 0010962 0,495516 52,04
) 21 19 28 12 3 8216 7363 8259 15622  0.00339 0001453 0000363 0994794 -568685 -653415 -7.92045 -000522 001928 0009494 0002877 0005193 0,036844 52,87
22 20 4 1 3 8352 7262 8360 15622 0000478 000012 0.000359 0999043 -7.64492 -9.03121 -7.9326 -0.00096 0003658 000108 0002847 0000956 0,008541 53,51
. . - . . 23 2 13 8045 0 405 7159 8463 15622 0.001536 0950609 0 0.047855 -6.47851 -0.05065 0 -3.03957 0,009952 0.048151 0 014546 0,203563 54,17
Of the Inform ative pOSItIOﬂS (COIUm N G), the entro py Calcu |at|0n Chaln (COIU mns |-T) as We” as the 24| 22 8500 16 0 3 7103 8519 15622 099777 0001878 0 0000352 -0,00223 -627747 0 7.95144 0.002228 0.01179 0 00028 0,016818 54,53
25| 23 8614 79 0 1 6928 8694 15622  0.990798 0009087 0 0.000115 -0.00924 -4.70094 0 9.07039 0.009159 0.042716 0 0.001043 0,052919 55,65
2% 24 8790 10 0 2 6820 8802 15622 0.998637 0.001136 0 0.000227 -0.00136 -6.78015 0 8,38959 0,001362 0.007703 0 0.001906 0,010972 56,34
0 27| 25 87 8817 1 0 6717 8905 15622  0.00977 0990118 0.000112 0 462846 -0.00993 -9.09437 0 0.045219 0.009833 0.001021 0 0,056073 57,00
entro py and /0 Coverage Val ues COlU MnNs U and V . 28 26 14095 0 1 1 1525 14097 15622  0.999858 0 7.09E-05 7.09E-05 -0.00014 0 955372 955372 0.000142 0 0.000678 0.000678 0,001497 90,24
29 27 1 1 1 14109 1510 14112 15622 7.09E-05 7.09E-05 7.09E-05 0999787 -9.55478 -9.55478 -955478 -0.00021 0000677 0.000677 0,000677 0000213 0,002244 90,33
30, 28 0 14132 0 1 1489 14133 15622 0 0.999929 0 7 08E-05 0 71E-05 0 9 55627 0 7 08E-05 0 0.000676 0,000747 90,47
31 29 14181 2 0 1 1438 14184 15622  0,9997388 0.000141 0 7.05E-05 -0.00021 -8.86672 0 955987 0000211 0.00125 0 0.000674 0,002136 90,80
2 30 4 14210 1 2 1405 14217 15622 0000231 0999508 7.03E-05 0.000141 -8.1759 -0.00049 -956219 -8.86905 0.0023 0000492 0.000673 0001248 0,004713 91,01
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where the entropy was drawn as column diagram (blue) related to the main y axis while the %

coverage was shown as line graph (green) related to the secondary y axis.

® The graph clearly shows the presence and distribution of the most variable (the highest columns)
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