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       gaps of 

gaps of total length 12                               total length 7 

-CLATVYA--A-PVEGM--------↑VRWCVKSDKELQKCHDLAANV↑A---E---F-↑SCVKRDDSFECIKAIKREEADAITLDGGDIYTAGLHNY 

 ..| |.|  | .|.|:        ↑||||..|..|..||.....||↑.   |   | ↑||||:....:|||||...||||:|||||.:|.|||... 

MRPA-VRALLACAVLGLCLADPERT↓VRWCTISTHEANKCASFRENV↓LRILESGPFV↓SCVKKTSHMDCIKAISNNEADAVTLDGGLVYEAGLKPN 

gap of length 1  

           gaps of       gap of                                      gap of 

         total length 2                   length 1  length 3 

NLQPIIAE↑DYGE-DSD-TC↑YYAVAVAKK↑GTKFGF↑LN↑-LH↑GKKSCHTGLGKSAGWNIP↑IGTLVTLDQIQWAGIEDRPV↑ES↑---AVSD↑F 

||:|::||↑.:|. |:. |.↑||||||.|| .|.|. ↑||↑ |.↑||||||||||:|||||||↑:..|.   : :   :.| |.↑||↑   |.::↑| 

NLKPVVAE↓FHGTKDNPQTH↓YYAVAVVKK↓DTDFK-↓LN↓ELR↓GKKSCHTGLGRSAGWNIP↓MAKLY---K-E---LPD-PQ↓ES↓IQRAAAN↓F 

                             gap of length 1                                     gaps of total length 8                                                                                                                                                            

       gap of length 2     gaps of total length 4                      gaps of total length 5 

FNASCVP↑GANTGS--E↑LCQLC↑MG---D-CSRSHN↑EPYYDYSGAFQCLKDGAGEVAFIKHLTV↑----PAAE-KAS↑YELLCKDNTRAPIDSYK 

|:|||||↑.|:..|  :↑|||||↑.|   | |:.|::↑|||:.|||||:||.:|||:|||:||.||↑    |..| :.:↑|||||.||||..:|.|: 

FSASCVP↓CADQSSFPK↓LCQLC↓AGKGTDKCACSNH↓EPYFGYSGAFKCLMEGAGDVAFVKHSTV↓FDNLPNPEDRKN↓YELLCGDNTRKSVDDYQ 

 

                   gaps of                                gap of   

                total length 7                  length 4  

TCHLARVPAHAVV↑SR----K-DT--KLA↑NH↑IYSKLMAL↑KD↑----FN↑LF↑SSDGYAAKNLM↑FKDSTQNLVQLPMTTDSFLYLGAEY↑MSTI 

.|:||.||:||||↓:|    | |.  :|.↑||↑..... . ↑||↑    |.↑||↑.|.  ..|:|:↑||||....:::|...|..||||.||↑::.: 

ECYLAMVPSHAVV↓ARTVGGKEDVIWELL↓NH↓AQEHF-G-↓KD↓KPDNFQ↓LF↓QSP--HGKDLL↓FKDSADGFLKIPSKMDFELYLGYEY↓VTAL 

                                gaps of total              gap of length 2 

                                  length 2                                                                               

gaps of total length 2      

RSLTKAQATGATS-RA-I↑KWCAVGHNEKVKCD↑AWTINSFTDGDSR↑IECQDAPTVDECIKKIMRKEADAIAVDGGEVFTAGKCGLVPV↑MVEQYD 

::|.:::...::. .. :↑||||:||.|:.|||↑.|  :.|:.| : ↑|||:.|...:|||.|||:.||||:::|||.::.|||||||||↑:.|.|.  

QNLRESKPPDSSKDECMV↓KWCAIGHQERTKCD↓RW--SGFSGG-A-↓IECETAENTEECIAKIMKGEADAMSLDGGYLYIAGKCGLVPV↓LAENYK 

                  gaps of total length 4     

gaps of total length 2       gap of length 1 

-EVR-CSAPGEASSYF↑AVAV↑AKKA-SGLTWKTLQGRR↑SCHTGLGRTAGWNIPMGLIHRRTMNCDFTTYFSKGCAPGFEVDSPFCAQCRGS↑GQS 

 |.. |....| ..|.↑||||↑.|.: :.:.|..|:.::↑||||.:.|||||||||||::.:..||.|..:||.|||||...:|..||.|.||↑.:. 

TEGESCKNTPE-KGYL↓AVAV↓VKTSDANINWNNLKDKK↓SCHTAVDRTAGWNIPMGLLYSKINNCKFDEFFSAGCAPGSPRNSSLCALCIGS↓EKG 

gap of length 1   

             gap of  

           length 1 

VGGDRAKCKASSEEQ↑YYGYTGAFRCLVE↑DA↑GDVAFIKHTIVPEMTDGN↑G-PV↑WAQNLMSSDFELLCQDGTTQPVTKFRECHLAKVPAHAVIT 

.|  : :|..:|.|:↑|||||||||||||↑ .↑|||||:|...|.:.||||↑. ..↑||:||...:||:||:|||.:|||....||||:.|.|||:: 

TG--K-ECVPNSNER↓YYGYTGAFRCLVE↓-K↓GDVAFVKDQTVIQNTDGN↓NNEA↓WAKNLKKENFEVLCKDGTRKPVTDAENCHLARGPNHAVVS 

gaps of total                    gap of   

length 3                       length 1       

                                                                                        gap of 

        gap of length 2                                                   length 1 

RPESRGEVVSILLEQQARFG↑SSGSD--SSFNMFKTDFGKN↑LLFKDSTKCL↑QEIPSGTKFQGF↑LGEEYMIAMQSLR↑ECSN↑STS↑D-↑LE↑K↑ 

|.:....|..||.:||..||↑.|.:|  |:|.:|::: .|:↑|||:|.||||↑..|...| :..:↑||::|:.||.:||↑:|  ↑|||↑. ↑||↑ ↑ 

RKDKATCVEKILNKQQDDFG↓KSVTDCTSNFCLFQSN-SKD↓LLFRDDTKCL↓ASIAKKT-YDSY↓LGDDYVRAMTNLR↓QC--↓STS↓KL↓LE↓-↑   

                      gap of length 1                    gap of length 1               gap of          gap of 

                                                                               length 2      length 1                                                                             

ACTFH↑SCQ 

|||||↑.. 

ACTFH↓KP-  

      gap of length 1 

 

Fig. S1: The first alignment [Chin.TF vs Cow TF] using our method, Score matrix: BLOSUM 62, Gap open penalty: 0, Gap extend penalty: 0, 

End gap open penalty: 0, End gap extend penalty: 0, Length: 733, Identity: 346/733(47.20%), Similarity:   456/733(62.21%), Gaps: 

85/733(11.60%), Score:  1913. The black thick lines indicate the positions of the essential harmonic identical words utilized in the alignment. 
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gaps of total length 8                   gaps of total length 4  

M-S-VDDIMMSY-ESVDRV-ER-V--SCKYWYF-↑TN↑G-NKKVRHQ-CRNVEFFIK--LMTSVARRAHEWCMVPNYYNSKVV↑PF↑M--PYDDYQR 

| : :..:|.:. .:: .| :: :  |....|. ↑||↑. ..|: |. |  :..::.  |..|.....|...|..|:....:.↑||↑:  .:|.... 

MENNILGLMKTIANTI-TVPQKHLFYSTDDIYVK↑TN↑EITFKL-HSDC--IATYLSDALHKSNDINDHNLTMCINFEKMLIH↑PF↑VEKTFDQMDA 

gap of length 1                   gaps of total length 3 

     gaps of total length 4            gap of length 1                           gaps of total length 8 

L-NATHPHVFKF-VDAFNNTISNTKRCG↑DY↑IVWPEMSAN-FLGWVVYLHLNCQYQLP↑LEIPLIHHTRLG↑--A-FNLV-----↑SNA↑EYNLDV 

| |.....|.:: .:.|.... :..|  ↑||↑.|..::... | .|..::|.:....: ↑||:||..|.|||↑  : |.|.     ↑|||↑:. .|:  

LKNLLAADVSRYTTNQFQPKF-DEHR--↑DY↑FVCSQIKVTAF-AWYFFMHKHFNLHI-↑LEVPLPKHVRLG↑NVSLFTLKNDEKN↑SNA↑QI-FDI 

     gaps of total length 3            gaps of total length 2         gap of                                                                                                                          

                                                  gaps of total length 6 

SCKV↑VK↑EGSGERPF--SNTF-QDTQLTLFTVHSTDNI-NIMF-SKECVYSHE-KKWFEYMVKTETISRCDFLPEYQFLCDHIDF↑NE↑LRWLPEY 

..::↑||↑: :|...|  |.:. :.:.::...|...|:| :::. .|..:..:: :..|:: :|....|....:...::.  .:|.↑||↑::::.:: 

ELQI↑VK↑Q-NGVLSFINSESITEPSNMSKLIVFRHDDIMSVLLHGKHLILQNQYQDIFKF-IKHNVFSYQRIVSTNKYF--KLDA↑NE↑IKYMNDF 

length 1                                       gaps of total length 4 

                      gaps of total length 9    gaps of 

--Y-VKDSGMGLVVDNVKVGVSV-GVERMTPCSNYELDIVNTVNECYN-FINE-TLMKKCTFAHNETDLL--SWYLFSTGYSTF-↑YIL↑LISTWNY 

  : ::|..:. ..|:..:...: |.. :.. ...|..|.|.:.|..| .|:: .|:|. .::..:|...  :.:|.:..::.| ↑|||↑  | :.| 

ENFNIQDQEIA-NNDSPCLFNDLHGFS-IHK-QQIETAIQNIIQEFENKLIDKLNLLKS-DWSCEDTIYFKTAHFLVNNDFACFE↑YIL↑--S-YVY 

   gaps of total length 4                                                          gaps of                                                  

                                                                      gap of  

total length 2                                  gaps of total length 2                    length 5 

CK-TAIK-MH↑NQ↑YSVHDI↑LF↑FLKTLCDRAGGNHDLYV↑DN↑LIYFSS-NTAAENFMESLQFFVNP-EEGVEEYFNA↑IS↑-----↑SYFA↑IH 

.| :.:. :.↑||↑ ..|. ↑||↑ |.....:...|:|.  ↑||↑.: ... .|.   ::: |.:  |. .:..:. |..↑||↑     ↑||||↑:. 

QKMSQLHIIS↑NQ↑-DEHK-↑LF↑-LNIFMQKLFSNYDC--↑DN↑NV-LKQIITC---YID-LDY--NLFAKFCQS-FRF↑IS↑DDSLC↑SYFA↑LK 

total length 3   gaps of gaps of total length 3              gaps of total length 8 

            total length 2 

    gap of length 1 gap of length 1     gaps of total length 3    gap of length 1 

LAVKNND↑EK↑-APLN↑DYTVK↑MCGVDDNVKSM-GFFKKIKVSKFDYIFNGNLYVYYK↑SK↑-KENLLAAQFA-KCPDV-↑TVSSLIFN↑KTLNF- 

:. .... ||↑ ..|:↑||.||↑....:..| |. |:|...|.....|.|: ..|....↑||↑ :.|...::.| |...: ↑||..:.||↑.: .|  

IQ-GFVI↑EK↑HWKLS↑DYIVK↑KIDPEMLV-SYCGWFVVYKTEDSIYCFS-ERYFKQV↑SK↑SRSNDECSKIAYKSKLIY↑TVPDICFN↑DS-KFI 

gap of length 1      gaps of total length 2                                                 gap of 

                                              length 1 

          gap of length 1                 gap of length 1          gap of length 1   gaps of total length 3 

YM↑TEYGVF↑D-VCKKIYREFC↑PF↑LVTSTLKQSFITKEQEY-LNKTV↑FD↑-RLYSAIDKDLTLFKM↑YHA↑RKFLD-DYEMVCDNLRKCVLVG- 

|: ||.|||↑: :..| :.:|. ||↑::.:|:....:...|.| ::|.. ||↑ .|::: .|.:...:: |||↑.. :. ....:|..:|..:...  

YV↑TENGVF↑NTITNK-FVDFA↑PF↑VIANTMFLCALQNGQVYNISKYF↑FD↑DMLHNS-KKEMLSMEL↑YHA↑AH-IPRKMRRICALIRLGLYTNN 

          gap of length 1                                           gap of length 1    gap of length 1 

      gap of length 1             gaps of total length 2     gaps  

ESMMEEK-↑SK↑WEGRWRELLVWLLECKASDIVIM-↑MIK↑-RSGQLQNVL-NNIVA↑LS↑ECDLMG↑LQ↑VAMICHLLWPNSKVELFFWA↑LI↑-F 

:.::.|. ↑||↑....:..|  .|  |  |.|.:: ↑|||↑ .:.::.|:| |:.:.↑||↑  | .. ||↑: ::.:.|. ::.::|.|  ↑||↑ :     

DKLVNENA↑SK↑IVDIFNHL--HL--C--SHICLLA↑MIK↑FTAPEITNLLCNDGIT↑LS↑--D-QT↑LQ↑I-LVKYSLC-SAHIKLLF--↑LI↑VY 

              gaps of total length 6                               gaps of         gaps of total length 4 

                                                         total length 3 

of total length 8    gaps of total length 3 gap of length 1 

-NAYQDYE--DWL-EE-YNVGS--↑LI↑H-EN-VFNNKKKITEAMH-RFLYNLS↑YD↑DEVSIERVQDLV-DEVG↑DP↑DKRKYEQKRIVKNIGAEY 

 :...|.:  :.| |. :::.:  ↑||↑: :| |..|...:|:..: :.|.:.. ||↑..:..:.|. |: :|: ↑||↑.::|::.. :|.|...   

LSDDNDNKLIEALGETVFDINANL↑LI↑NRKNDVLKNLTSLTQMKNIKQLISHI↑YD↑SSLWSKNVL-LIQNEI-↑DP↑TRKKFKSD-VVDNPSV-- 

    gaps of total length 2        gaps of total length 4  

         gap of length 3             gaps of total length 6 

RKYNKLR↑QQ↑---↑CNVWSDLLIVHQPGENMYDWLTRFY↑IRS-F--LN---DYTGDMKELYNVVLGFSYFRVFT↑NFHSNNSKALINFCASFAIP  

 ..::|. ||↑   ↑||:|.|.||:....|....||.|||↑:|. |  |.   :|..: ..:.|:...:.|..:.. ||..::...|:.|.||..|| 

-LLDQLV↑QQ↑LTI↑CNIWKDKLILPVSNETTLQWLIRFY↑MRCIFPHLRGFVNYATN-PHMINIAEAYCYMLIAN↑NFAYDHVLYLLTFAASLNIP 

 gap of length 1    

  gap of length 2    gaps of total length 5 

INNEKMCLVL↑--↑SS↑KPNC↑GK↑SSLWELFSKN↑KI↑LVYKQDKEE-Y---K-HSK↑SE↑RDEKVKLYE↑SQLYVMNEAQKFSKTFLKTIVDSTR 

.|.||:.|||↑  ↑||↑  |.↑||↑:|...|.  . ||↑.| |..... :   : :.. ||↑. |..:.. ↑||||.:||..|.:...:|...|.:| 
QNYEKLLLVL↑TG↑SS↑--NA↑GK↑TSFISLL--G↑KI↑AV-KMPSNTLFIDNRGNGP↑SE↑M-EFSRAI-↑SQLYEINEVHKTTAENIKNTADLSR 

                       gap of    gap of length 2         gap of length 1        gaps of total  

                length 2                                         length 2 

         gaps of total length 2 

MDSARCNYGIVEMFNITFKALVCNN↑EDDKILVDGYDRACS↑NRIGQMYFDHDFDDSNEFSGSVYEH↑HIRKRY-CEVRDVTDYLKDPVRAF-LANV 

....|..:...:...:.:|.::||| .  .:.::..|:|.. ||:..:|:||.|:....||||:|||↑:|.|.| .|:.::.|..:..| :: |.:. 

EVVVRHAHSACQKIMLQYKPILCNN↑R--MLEIENCDKAVE↑NRLIIVYYDHVFEKKVVFSGSIYEH↑YITKHYPDELINIGDSFRVLV-SYMLIHY 

    gap of length 2 

                                             gap of length 1            gap of length 1         

LQHKCNPIDGQLYYKCFLQGDNTYKHNKKCLYIYNNSI↑EA↑LLYVMNVKEVKTAQEF-SH↑ETL↑IDTIKL-AEKYVLNVLHY↑SK↑RNGVCAESL 

..:|.|.|..:   : .| .....| |.|.:.:.|...↑||↑:.|:::|:.......: .. |||↑.| :.| ..| :|..:.. ||↑:. :..|.   

KDNKTNLISSR---R-ML-TPRMIK-NIKTVSVMNIFA↑EA↑IDYILDVQMTDDPNLWIDV↑ETL↑KD-VFLYVPK-ILQTICV↑SK↑KM-ITQEE- 

        gaps of total length 7                                            gaps of total length 2  

        gaps of total length 4     gap of length 1 

CGE-FKKKYNVPRHF-NPDT--NMYMGI↑QI↑TTD-EKYFQTFTPKF↑KA↑NVDVTV 

|.| |..:: |.::: |.|:  ..|..: ||↑.|: :| .::   | ↑||↑. .. : 

CEEMFYSRH-VDKYYENADSMGKNYYRL↑QI↑NTNLDK-IKS---K-↑KA↑P-RF-I 

        gaps of total length 3         gaps of total length 5   gaps of total length 2  

 

Fig. S2: The second alignment [CpGV vs NeseNPV] using our method, Score matrix: BLOSUM 62, Gap open penalty: 0, Gap extend penalty: 0, 

End gap open penalty: 0, End gap extend penalty: 0, Length: 1232, Identity: 312/1232 (25.32%), Similarity: 560/1232 (45.45%), Gaps: 190/1232 

(15.42%), Score: 1525. The black thick lines indicate the positions of the essential harmonic identical words utilized in the alignment.  
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gap of length 1                             gaps of total length 34 

MSVEDIFKTY-ES↑VPE↑PK--K-N----CN----K---------Y-W---Y--FVDT--SS-K-KCVRRPLG----N↑TE↑LFTKTLQSADS↑TL↑ 

| :::|.:.: :. |||↑.|  : |    .|    :         : :   :  |::|  :: . .|.:..:|    :↑|| ..|:. |:...↑||↑  

M-IDNILQFFLKD↑VPE↑DKTYEINNLQDANHLIIRNTRTGTRRLFEYVNNFQQFLNTIRNNFNGPCAKHDMGSSCED↑TE↑EATEK-QAVQQ↑TL↑ 

gap of length 1 gap of length 1 

                              gaps of         gap of 

gap of length 1                        total length 2   length 3   gap of length 3 gaps of total length 6 

Q-HSWCMVPNYFLMTKI↑KPFMLCSDYE↑QVPDKSI-F-↑NF↑---↑TD↑---IKKRIICFPVKM↑GDY↑MVWQN--TNVTF-LS-WALYLYANTKY 

. |.|.:..|.|.:. : |||:|...||↑.: .|.| | ↑||↑   ↑||↑   |.|   |  |:.↑|||↑..|.|  ....| .: |.|:|  |.|:   

DGHDWVLESNDFCIF-V↑KPFILKKHYE↑VI-QKYINFE↑NF↑FKS↑TD↑PGYINK---C--VQA↑GDY↑YYWPNWPKGQAFSFNGWQLFL--NIKF 

gap of length 1                 gap of length 1          gaps of total length 5    gap of length 2 

 gaps of total length 11 

--KIDCL↑IPVAHN↑RTIGNFNL-INDSTNCLDLACKIYDINND---LIFTN--T--DKTPKIEMMTVQSKK-SIKIYFGSN-YVYTTNKVWYNFLK 

  .|:.. ||:.||↑:.:|..:| :.|....|::...: ..|:|   .:|.|  |  |::.: ::..::... :: :....| .:..::|.::|::: 

GIVIEPT↑IPIIHN↑KKLGPVDLFVFDPKYFLNVELSL-RTNHDPPQTLFVNGKTKFDESHE-DLFILKMADGTV-VTCKVNGELVNSDKNFFNYIR 

       gaps of total length 5 

          gaps of total length 3 

QNENVAS-VTFLPEYNFVCDKILFQN↑LR↑-YDDEKTPKIIRK-EQCVTPSTSLQITDHVSPCSNYEAEF-NVY↑IN↑ECLEYINETMISKGS↑AT↑ 

.:.|:.. :| :|:|..:.: :..:: ||↑ ::|....|  .. :...|.|...:|...:| .|:..|:: ... ||↑..|..|.|.|: |..↑||↑ 

DDINLEECIT-VPKYKHIVN-VNLKS↑LR↑VFEDNNFDK--NDVDLSDTRSRKPRIVPIIS-ASSENADYIQTQ↑IN↑LGLIAIYENMV-KVL↑AT↑ 

                           gaps of total length 3 gap of length 1 

gap of length 3           gap of length 1 gaps of total length 5 

N---NIAK↑LLEFYLHSSEYSTFYILIIALW↑QYCERCINM↑EN↑-DYTIEDMLYFVKI↑LC↑DKVDGGYKLFL-ENLIYFGN-KNCGKA-FMKSLC 

:   |...↑||:.|...|::..|..||..||↑:...:  | ↑||↑ .|...|:..|::: ||↑:.:....|..| |.|..... |...|. |.:: | 

HEQANDPN↑LLQQYFEKSKFKNFDFLIYVLW↑KILTK--N-↑EN↑FSYRETDIKLFLEL↑LC↑ESLFACDKEILNEALKRCEPYKKQEKVVFNRT-C 

                                  gaps of  

                                           total length 3 

     gaps of total length 10 gaps of total length 4 

--FFVDPCRGKEAFFESICCYFALHFS↑IY↑---E-K--T-GD---WRITASTIKQSEVEDDVKSV↑GF↑YKKIK--VGKFDYIFTGNIYENYKSKR 

  :| | ....: ...|:..|:.:|:. ||↑   . |  | .|   |..|...:....:..|:...↑||↑.:|::  |...:.:|.|..|:..| |. 

NHWF-D-FDDTK-LCVSLGYYYGIHYM↑IY↑LTLSAKNETLDDDELWAYTYENVMALNLPPDIVCK↑GF↑FRKLENVVTGVNLVFNGKNYQIVK-KE 

gaps of total length 4 gaps of total length 5 

                               gap of length 1 gap of length 1     gap of length 1 

DHTLAF-L-MADCPEISVSGLT↑FN↑DTINF-YHTQDGLFDVCRKTYKEP↑CPFVVMSTL↑RKNFIK-NNQVFLEKSLFDRIYNITD↑TD↑-LDLLK 

|. | | | .::|.::| : :. ||↑:. .: |.|..|::::...::...↑|||::.:||↑.:...| .::.:|.:..|:.:.: |.↑||↑ |.:.: 

DD-L-FKLVKSNCYKLS-N-IK↑FN↑NW-KYLYLTTYGVYNLFTNSFHSN↑CPFLLGTTL↑PQTLKKPTDEEYLPEDAFNYMLS-TS↑TD↑ELSIYR 

 gap of length 1 gap of length 1 

   gaps of total length 26 

M↑YH↑ARKFMTEYE--QTILCLKECKLANASNSV-AILEEKIHEMV--VWLLECKGSDILILMMYL-KDRLLQYINNI-MK---TAVD---VDLMC- 

: ||↑..|...:.:  :|.:.:.. .:.|. |:. |.:...::.:.  :|.|:  ..:::.|.:|: |:::...::|: .|   :.|.   ....|      

I↑YH↑IAKMCRDVKMLKTNMAIVN-YMGNC-NTCQADMRVALNNLFRDLWNLD--DENLITLALYVNKNKVSDMLHNLKCKPCRSTVSGSRPKCKCY 

 gaps of total length 5 

                                                                                 gap of  

                                                                                                  gap of length 2          length 1                               

--MQ-S--AI-VAHL--LWPN-SKIEIFLWSLLYNNFFDYEDSLMDYECDELITK--T-MFDNKK↑KII↑ECVHAYLYQLDYSKCL--P↑FND↑D-↑ 

  :: :  |: |..:  ::.| :::...:|.|::.| ..|..:.:.....|.:.:  . .|.... |||↑:.::..:::::|...|  . |||↑. ↑ 

KKIKINRKALKVCLIADMFGNDAELSKLIWMLIFTN-KTYVSTTLIRTNSEFVNQHGEFFFKEHN↑KII↑QYLYQTIHKIEYVDMLMDK↑FND↑KR↑ 

 

  gaps of total length 4 

LF↑-EEIKTMVFNIPLADDKKFNKKRILNNVVELYEKYEN---YPDT↑YNVWSDYLIVQNKNEDMYTWLTRFYVRIFLNDLDCNDANSRRLHNVVKG 

||↑ .|::..|...|   |.:|.:.   :|:.:.|..:.:   .... ||||.|.:|:....:|:.|||||||:||.::.:|..:.:...|..:|:|  

LF↑LTELRDDVAREP---DVQFEES---DNICKFYTHHTDALIILKK↑YNVWWDKIILARSTDDLPTWLTRFYMRIIMSKMDLKEYSYNYLKKIVEG 

 gaps of total length 6 

            gap of length 1                                          gaps of total length 3 

LCYFRVFTNF↑-HCNNSKVLINFC↑ASLAIPVDNEKMCIVISSKPNCGKSSLWELLSNIILVHK↑QDKEVYK-HNNNE-RDEKV-↑KL↑YE↑SQLYV 

..||:.||||  |. |:.:|::|.↑||||||||..|..|.:..:|..||||.:|||..::|:||↑.|.:.:. .:|.| .|::| ↑||↑ . ||||| 

YLYFKRFTNF↑NHA-NAIMLMHFA↑ASLAIPVDYGKKAIYMPGEPGSGKSSFFELLDYLVLMHK↑FDDDNHSGESNKETSDKEVS↑KL↑-N↑SQLYV 

            gap of length 1 gap of length 1 

                          gaps of total length 2          

MNEAQKFTKAYLKSIVDNNRTDS↑-ARCNY-GVMETFKISFKSLVC↑NN↑DDDKIVILDG↑YD↑KACSNRIGQIYFDHEFDNDIKEFC↑GSVYEH↑H 

:||.::.:::|.|...|::::||  :| .| |::: ::.::|.|:.↑||↑   |.:.:|.↑||↑....:|...:|.:|:|.:.:| |.↑||||||↑   

INELKQCSESYFKKHADSSKSDS↑KSR-KYQGLLK-YEANYKMLIV↑NN↑---KPLYVDD↑YD↑DGVQDRFLIVYTNHKFVDSVK-FA↑GSVYEH↑- 

                           gaps of total length 2      gap of length 3        gap of length 1 

 gap of length 1                                                          gaps of total length 2 

VNKKYSEVRDV-VSKLTDSVEA↑FLANVLKHKCDKVDGKLYYKSILQNDTSYKHNKKCLYIYNVRAEALIYVLN↑VKEC-NRSPEFSEEFVIDLIKC 

:..|...:..: ...|...|.. ||::||.::.|...|.:.||::|.||..:|||..|:...|....||||:||↑:|.. |.:....|:.:.::|.. 

IKSKQFPIESMYYESLVTPVRL↑FLSHVLMYRRDPKTGFVVYKTLLNNDPMHKHNLMCMSTNNSPLYALIYILN↑IKTVRNATITIGEDKMEEMISI  

  gap of length 1 

             gap of      gap of 

            length 5   length 1     gaps of total length 6       gap of length 3 

AEKYVLQ-M↑LH↑-----↑YN↑-KRNTV↑NA↑DT--LLIDFKKR--FN--TT↑KF↑---FNSHTKMYRNLQIAKSENYFKHCP↑PNF↑LANADIVL 

|.:: |: . ||↑     ↑||↑ |:| : ||↑.:  ..: |.::  ..  .. ||↑   :|..|.::.|:.:|.:.|...... |||↑:. 

AVQH-LKNF↑LH↑PSFVQ↑YN↑YKKN-I↑NA↑SSSKSFV-FNEQVLLQQIKN↑KF↑KNNYNKTTNVFYNMTMALNRNDLNTSV↑PNF↑VC------ 

gap of length 1          gap of       gap of length 1                                            gap of  

                             length 1                                                             length 6 

Fig. S3: The third alignment [AdorGV vs BmNPV] using our method, Score matrix: Blosum62, Gap open penalty: 0, Gap extend penalty: 0, End 

gap open penalty: 0, End gap extend penalty: 0, Length: 1285, Identity: 347/1285 (27.00%), Similarity: 630/1285 (49.03%), Gaps: 210/1285 

(16.34%), Score: 1897. The black thick lines indicate the positions of the essential harmonic identical words utilized in the 
alignment. 
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----------------CLATVYAAPVEGMVRWCVKSDKELQKCHDLAANVAEF-------SCVKRDDSFECIKAIKREEADAITLDGGDIYTAGLHN 

                ||     |..|..||||..|..|..||.....||...       ||||:....:|||||...||||:|||||.:|.|||.. 

MRPAVRALLACAVLGLCL-----ADPERTVRWCTISTHEANKCASFRENVLRILESGPFVSCVKKTSHMDCIKAISNNEADAVTLDGGLVYEAGLKP    

 

YNLQPIIAEDYG--EDSDTCYYAVAVAKKGTKFGFLNLHGKKSCHTGLGKSAGWNIPIGTLVTLDQIQWAGIED--RPVESAVSDFFNASCVPGANT  

.||:|::||.:|  ::..|.||||||.||.|.|....|.||||||||||:|||||||:..|       :..:.|  ..::.|.::||:|||||.|:. 

NNLKPVVAEFHGTKDNPQTHYYAVAVVKKDTDFKLNELRGKKSCHTGLGRSAGWNIPMAKL-------YKELPDPQESIQRAAANFFSASCVPCADQ    

 

GS--ELCQLCMG----DCSRSHNEPYYDYSGAFQCLKDGAGEVAFIKHLTV----PAAE-KASYELLCKDNTRAPIDSYKTCHLARVPAHAVVSR--   

.|  :|||||.|    .|:.|::|||:.|||||:||.:|||:|||:||.||    |..| :.:|||||.||||..:|.|:.|:||.||:||||:|      

SSFPKLCQLCAGKGTDKCACSNHEPYFGYSGAFKCLMEGAGDVAFVKHSTVFDNLPNPEDRKNYELLCGDNTRKSVDDYQECYLAMVPSHAVVARTV   

 

---KDT--KLANHIYSKLMALK--DFNLFSSDGYAAKNLMFKDSTQNLVQLPMTTDSFLYLGAEYMSTIRSLTKAQATGATSR--AIKWCAVGHNEK   

   :|.  :|.||........|  :|.||.|.  ..|:|:||||....:::|...|..||||.||::.:::|.:::...::..  .:||||:||.|: 

GGKEDVIWELLNHAQEHFGKDKPDNFQLFQSP--HGKDLLFKDSADGFLKIPSKMDFELYLGYEYVTALQNLRESKPPDSSKDECMVKWCAIGHQER   

 

VKCDAWTINSFTDGDSRIECQDAPTVDECIKKIMRKEADAIAVDGGEVFTAGKCGLVPVMVEQY--DEVRCSAPGEASSYFAVAVAKKA-SGLTWKT   

.|||.|  :.|:.|  .|||:.|...:|||.|||:.||||:::|||.::.|||||||||:.|.|  :...|....| ..|.||||.|.: :.:.|.. 

TKCDRW--SGFSGG--AIECETAENTEECIAKIMKGEADAMSLDGGYLYIAGKCGLVPVLAENYKTEGESCKNTPE-KGYLAVAVVKTSDANINWNN   

 

LQGRRSCHTGLGRTAGWNIPMGLIHRRTMNCDFTTYFSKGCAPGFEVDSPFCAQCRGSGQSVGGDRAKCKASSEEQYYGYTGAFRCLVEDAGDVAFI  

|:.::||||.:.|||||||||||::.:..||.|..:||.|||||...:|..||.|.||.:..|   .:|..:|.|:||||||||||||| .|||||: 

LKDKKSCHTAVDRTAGWNIPMGLLYSKINNCKFDEFFSAGCAPGSPRNSSLCALCIGSEKGTG---KECVPNSNERYYGYTGAFRCLVE-KGDVAFV   

 

KHTIVPEMTDG-NGPVWAQNLMSSDFELLCQDGTTQPVTKFRECHLAKVPAHAVITRPESRGEVVSILLEQQARFGSSGSD--SSFNMFKTDFGKNL   

|...|.:.||| |...||:||...:||:||:|||.:|||....||||:.|.|||::|.:....|..||.:||..||.|.:|  |:|.:|::: .|:| 

KDQTVIQNTDGNNNEAWAKNLKKENFEVLCKDGTRKPVTDAENCHLARGPNHAVVSRKDKATCVEKILNKQQDDFGKSVTDCTSNFCLFQSN-SKDL   

 

LFKDSTKCLQEIPSGTKFQGFLGEEYMIAMQSLRECSNSTSDLEKACTFHSCQ   

||:|.||||..|...| :..:||::|:.||.:||:|  |||.|.:|||||..  

LFRDDTKCLASIAKKT-YDSYLGDDYVRAMTNLRQC--STSKLLEACTFHKP-   

 

   

Fig. S4: The first alignment [Chin.TF vs Cow TF] using EMBOSS Needle program, Score matrix: BLOSUM 62, Gap open 
penalty: 10.0, Gap extend penalty: 1.0, End gap open penalty: 10, End gap extend penalty: 1.0, Length: 732, Identity: 
331/732(45.2%), Similarity: 444/732(60.7%), Gaps: 83/732(11.3%), Score: 1529.0. 
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------------------------MSVDDIMMSYESVDRVERVSCKYWYFTNGNKKVRHQCRNVEFFIKLMTSVARRAHEWCMVPNYYNSKVVPFM-    

                        .|.|||.:....:.......|...|.::    ..|:..::            ..|...|..|:....:.||: 

MENNILGLMKTIANTITVPQKHLFYSTDDIYVKTNEITFKLHSDCIATYLSD----ALHKSNDI------------NDHNLTMCINFEKMLIHPFVE    

 

-PYDDYQRL-NATHPHVFKF-VDAFNNTISNTKRCGDYIVWPEMSANFLGWVVYLHLNCQYQLPLEIPLIHHTRLGAFNL--VSNAEYN-----LDV    

 .:|....| |.....|.:: .:.|.......:   ||.|..::......|..::|.:....: ||:||..|.|||..:|  :.|.|.|     .|: 

KTFDQMDALKNLLAADVSRYTTNQFQPKFDEHR---DYFVCSQIKVTAFAWYFFMHKHFNLHI-LEVPLPKHVRLGNVSLFTLKNDEKNSNAQIFDI    

 

SCKVVKEGSGERPFSNTFQDTQ---LTLFTVHSTDNIN--IMFSKECVYSHEKKWFEYMVKTETISRCDFLPEYQFLCDHIDFNELRWLPEYYVKDS  

..::||: :|...|.|:...|:   ::...|...|:|.  ::..|..:..::.:.....:|....|....:...::.  .:|.||::::.::        

ELQIVKQ-NGVLSFINSESITEPSNMSKLIVFRHDDIMSVLLHGKHLILQNQYQDIFKFIKHNVFSYQRIVSTNKYF--KLDANEIKYMNDF-----  

 

GMGLVVDNVKVGVSVGVERMTPC------------SNYELDIVNTVNECYN-FINETLMKKCTFAHNETDLL--SWYLFSTGYSTF-YILLISTWNY   

      :|..:.........:||            ...|..|.|.:.|..| .|::..:.|..::..:|...  :.:|.:..::.| |||   ::.| 

------ENFNIQDQEIANNDSPCLFNDLHGFSIHKQQIETAIQNIIQEFENKLIDKLNLLKSDWSCEDTIYFKTAHFLVNNDFACFEYIL---SYVY   

 

CKTAIKMHNQYSVHDILFFLKTLCDRAGGNHD-----------LYVDNLIYFSSNTAAENFMESLQFFVNPEEGVEEYFNAISSYFAIHLAVKNNDE   

.|.: ::|...:..:...||.....:...|:|           .|:| |.|   |..|: |.:|.:|..:         :::.||||:.:.....::          

QKMS-QLHIISNQDEHKLFLNIFMQKLFSNYDCDNNVLKQIITCYID-LDY---NLFAK-FCQSFRFISD---------DSLCSYFALKIQGFVIEK   

 

KAPLNDYTVKMCGVDDNVKSMGFFKKIKVSKFDYIFNGNLYVYYKSKKENLLAAQFAKCPDV--TVSSLIFNKTLNFYMTEYGVFDVCKKIYREFCP   

...|.||.||....:..|...|:|...|.....|.|:...:......:.|...::.|....:  ||..:.||.:...|:||.|||:.....:.:|.| 

HWKLSDYIVKKIDPEMLVSYCGWFVVYKTEDSIYCFSERYFKQVSKSRSNDECSKIAYKSKLIYTVPDICFNDSKFIYVTENGVFNTITNKFVDFAP   

 

FLVTSTLKQSFITKEQEY-LNKTVFDRLYSAIDKDLTLFKMYHARKFLDDYEMVCDNLRKCVLVGESMM--EEKSKWEGRWRELLVWLLECKASDIV   

|::.:|:....:...|.| ::|..||.:.....|::...::|||.........:|..:|..:......:  |..||....:..|.:    |....:: 

FVIANTMFLCALQNGQVYNISKYFFDDMLHNSKKEMLSMELYHAAHIPRKMRRICALIRLGLYTNNDKLVNENASKIVDIFNHLHL----CSHICLL   

 

IMMIKRSGQLQNVL-NNIVALSECDLMGLQVAMICHLLWPNSKVELFFWALIFNAYQDYEDWLEE--------YNVGSLIH--ENVFNNKKKITEAM   

.|:...:.::.|:| |:.:.||:..|..|....:|     ::.::|.|  ||.....|.::.|.|        .|...||:  .:|..|...:|:.. 

AMIKFTAPEITNLLCNDGITLSDQTLQILVKYSLC-----SAHIKLLF--LIVYLSDDNDNKLIEALGETVFDINANLLINRKNDVLKNLTSLTQMK   

  

H-RFLYNLSYDDEVSIERVQDLVDEVGDPDKRKYEQKRIVKNIGAEYRKYNKLRQQ---CNVWSDLLIVHQPGENMYDWLTRFY-------IRSFLN   

: :.|.:..||..:..:.|..:.:|: ||.::|::.. :|.|...   ..::|.||   ||:|.|.||:....|....||.|||       :|.|:|  

NIKQLISHIYDSSLWSKNVLLIQNEI-DPTRKKFKSD-VVDNPSV---LLDQLVQQLTICNIWKDKLILPVSNETTLQWLIRFYMRCIFPHLRGFVN   

 

DYTGDMKELYNVVLGFSYFRVFTNFHSNNSKALINFCASFAIPINNEKMCLVLSSKPNCGKSSLWELFSKNKILVYKQDKEEYKHSKSERDEKVKLY   

..|.  ..:.|:...:.|..:..||..::...|:.|.||..||.|.||:.|||:...|.||:|...|.  .||.|.......:..::.....:::.. 

YATN--PHMINIAEAYCYMLIANNFAYDHVLYLLTFAASLNIPQNYEKLLLVLTGSSNAGKTSFISLL--GKIAVKMPSNTLFIDNRGNGPSEMEFS   

 

E--SQLYVMNEAQKFSKTFLKTIVDSTRMDSARCNYGIVEMFNITFKALVCNNEDDKILVDGYDRACSNRIGQMYFDHDFDDSNEFSGSVYEHHIRK   

.  ||||.:||..|.:...:|...|.:|....|..:...:...:.:|.::|||.  .:.::..|:|..||:..:|:||.|:....||||:|||:|.| 

RAISQLYEINEVHKTTAENIKNTADLSREVVVRHAHSACQKIMLQYKPILCNNR--MLEIENCDKAVENRLIIVYYDHVFEKKVVFSGSIYEHYITK   

 

RY-CEVRDVTDYLKDPVRAFLANVLQHKCNPIDGQLYYKCFLQGDNTYKHNKKCLYIYNNSIEALLYVMNVKEVKTAQEF-SHETLIDTIKLAEKYV   

.| .|:.::.|..:..|...|.:...:|.|.|..:.     :......| |.|.:.:.|...||:.|:::|:.......: ..|||.|......| : 

HYPDELINIGDSFRVLVSYMLIHYKDNKTNLISSRR-----MLTPRMIK-NIKTVSVMNIFAEAIDYILDVQMTDDPNLWIDVETLKDVFLYVPK-I   

 

LNVLHYSKRNGVCAESLCGEFKKKYNVPRHF-NPDT--NMYMGIQITTD-EKYFQTFTPKFKANVDVTV   

|..:..||:  :..:..|.|.....:|.::: |.|:  ..|..:||.|: :|......|:|.       

LQTICVSKK--MITQEECEEMFYSRHVDKYYENADSMGKNYYRLQINTNLDKIKSKKAPRFI-------   

 

Fig. S5: The second alignment [CpGV vs NeseNPV] using EMBOSS Needle program, Score matrix: BLOSUM 62, Gap open 
penalty: 10.0, Gap extend penalty: 1.0, End gap open penalty: 10, End gap extend penalty: 1.0, Length: 1233, Identity: 272/1233 
(22.1%), Similarity: 498/1233 (40.4%), Gaps: 192/1233 (15.6%), Score: 557.0. 
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---------------------MSVED-----IFKTYESVPEPKKNCNKYWYFVDTSSKK----CVRRPLG----NTELFTKTLQSADSTLQ-HSWCM    

                     .:::|     |..|........:..|.:..|::|....    |.:..:|    :||..|:. |:...||. |.|.: 

MIDNILQFFLKDVPEDKTYEINNLQDANHLIIRNTRTGTRRLFEYVNNFQQFLNTIRNNFNGPCAKHDMGSSCEDTEEATEK-QAVQQTLDGHDWVL    

 

VPNYFLMTKIKPFMLCSDYEQVPD----KSIFNFTD---IKKRIICFPVKMGDYMVWQN----TNVTFLSWALYLYANTKYKIDCLIPVAHNRTIGN    

..|.|.:. :|||:|...||.:..    ::.|..||   |.|   |  |:.|||..|.|    ...:|..|.|:|.......|:..||:.||:.:|. 

ESNDFCIF-VKPFILKKHYEVIQKYINFENFFKSTDPGYINK---C--VQAGDYYYWPNWPKGQAFSFNGWQLFLNIKFGIVIEPTIPIIHNKKLGP    

 

FNL-INDSTNCLDLACKI---YD------INNDLIFTNTDKTPKIEMMTVQSKKSIKIYFGSNYVYTTNKVWYNFLKQNENVASVTFLPEYNFVCDK   

.:| :.|....|::...:   :|      :|....|..:.:...|..|...:..:.|:   :..:..::|.::|:::.:.|:.....:|:|..:.: 

VDLFVFDPKYFLNVELSLRTNHDPPQTLFVNGKTKFDESHEDLFILKMADGTVVTCKV---NGELVNSDKNFFNYIRDDINLEECITVPKYKHIVN-   

 

ILFQNLR-YDDEKTPKIIRKEQCVTPSTSLQITDHVSPCSNYEAEFNVYINECLEYINETMISKGSATN---NIAKLLEFYLHSSEYSTFYILIIAL   

:..::|| ::|....| ...:...|.|...:|...:|..|.........||..|..|.|.|: |..||:   |...||:.|...|::..|..||..| 

VNLKSLRVFEDNNFDK-NDVDLSDTRSRKPRIVPIISASSENADYIQTQINLGLIAIYENMV-KVLATHEQANDPNLLQQYFEKSKFKNFDFLIYVL   

 

WQYCERCINMENDYTIEDMLYFVKILCDKVDGGYKLFLENLIYFGNKNCGKAFMKSLCFFVDPCRGKEAFFESICC-----YFALHFSIY------E  

|:...:  |....|...|:..|:::||:.:....|..|...:    |.|.....:....|...|.....|.::..|     |:.:|:.||      . 

WKILTK--NENFSYRETDIKLFLELLCESLFACDKEILNEAL----KRCEPYKKQEKVVFNRTCNHWFDFDDTKLCVSLGYYYGIHYMIYLTLSAKN   

 

KTGD----WRITASTIKQSEVEDDVKSVGFYKKIK--VGKFDYIFTGNIYENYKSKRDHTLAFLMADCPEISVSGLTFNDTINFYHTQDGLFDVCRK   

:|.|    |..|...:....:..|:...||::|::  |...:.:|.|..|:..| |.|.....:.::|  ..:|.:.||:....|.|..|::::... 

ETLDDDELWAYTYENVMALNLPPDIVCKGFFRKLENVVTGVNLVFNGKNYQIVK-KEDDLFKLVKSNC--YKLSNIKFNNWKYLYLTTYGVYNLFTN   

 

TYKEPCPFVVMSTLRKNFIK-NNQVFLEKSLFDRIYNITDTDLDLLKMYHARKFMTEYEQ------TILCLKECKLANASNSVAILEEKIHEMVVWL   

::...|||::.:||.:...| .::.:|.:..|:.:.:.:..:|.:.::||..|...:.:.      .:..:..|....|...|| |.....::  |. 

SFHSNCPFLLGTTLPQTLKKPTDEEYLPEDAFNYMLSTSTDELSIYRIYHIAKMCRDVKMLKTNMAIVNYMGNCNTCQADMRVA-LNNLFRDL--WN   

 

LECKGSDILILMMYL-KDRLLQYINNI-----------------MKTAVDVDLMCMQSAIVAHLLWPNSKIEIFLWSLLYNNFFDYEDSLMDYECDE   

|:  ..:::.|.:|: |:::...::|:                 ....:.::...::..::|.:...::::...:|.|::.| ..|..:.:.....| 

LD--DENLITLALYVNKNKVSDMLHNLKCKPCRSTVSGSRPKCKCYKKIKINRKALKVCLIADMFGNDAELSKLIWMLIFTN-KTYVSTTLIRTNSE 

  

LIT---KTMFDNKKKIIECVHAYLYQLDYSKCL--PFNDD-LF-EEIKTMVFNIPLADDKKFNKKRILNNVVELYEKYEN---YPDTYNVWSDYLIV   

.:.   :..|....|||:.::..:::::|...|  .|||. || .|::..|...|   |.:|.:.   :|:.:.|..:.:   ....||||.|.:|: 

FVNQHGEFFFKEHNKIIQYLYQTIHKIEYVDMLMDKFNDKRLFLTELRDDVAREP---DVQFEES---DNICKFYTHHTDALIILKKYNVWWDKIIL   

 

QNKNEDMYTWLTRFYVRIFLNDLDCNDANSRRLHNVVKGLCYFRVFTNFHCNNSKVLINFCASLAIPVDNEKMCIVISSKPNCGKSSLWELLSNIIL   

....:|:.|||||||:||.::.:|..:.:...|..:|:|..||:.||||:..|:.:|::|.||||||||..|..|.:..:|..||||.:|||..::| 

ARSTDDLPTWLTRFYMRIIMSKMDLKEYSYNYLKKIVEGYLYFKRFTNFNHANAIMLMHFAASLAIPVDYGKKAIYMPGEPGSGKSSFFELLDYLVL   

 

VHKQDKEVYKHNNNER--DEKVKLYESQLYVMNEAQKFTKAYLKSIVDNNRTDSARCNYGVMETFKISFKSLVCNNDDDKIVILDGYDKACSNRIGQ   

:||.|.:.:...:|:.  |::|....|||||:||.::.:::|.|...|::::||....|..:..::.::|.|:.||   |.:.:|.||....:|...  

MHKFDDDNHSGESNKETSDKEVSKLNSQLYVINELKQCSESYFKKHADSSKSDSKSRKYQGLLKYEANYKMLIVNN---KPLYVDDYDDGVQDRFLI   

 

IYFDHEFDNDIKEFCGSVYEHHVNKKYSEVRDVVSKLTDSVEAFLANVLKHKCDKVDGKLYYKSILQNDTSYKHNKKCLYIYNVRAEALIYVLNVKE   

:|.:|:|.:.:| |.||||||..:|::.........|...|..||::||.::.|...|.:.||::|.||..:|||..|:...|....||||:||:|. 

VYTNHKFVDSVK-FAGSVYEHIKSKQFPIESMYYESLVTPVRLFLSHVLMYRRDPKTGFVVYKTLLNNDPMHKHNLMCMSTNNSPLYALIYILNIKT   

 

C-NRSPEFSEEFVIDLIKCAEKYVLQMLH-----YNKRNTVNADT----------LLIDFKKRFNTTKFFNSHTKMYRNLQIAKSENYFKHCPPNFL   

. |.:....|:.:.::|..|.:::...||     ||.:..:||.:          ||...|.:|...  :|..|.::.|:.:|.:.|......|||: 

VRNATITIGEDKMEEMISIAVQHLKNFLHPSFVQYNYKKNINASSSKSFVFNEQVLLQQIKNKFKNN--YNKTTNVFYNMTMALNRNDLNTSVPNFV  

 

ANADIVL   

.          

C------   

 

 

 

Fig. S6: The third alignment [AdorGV vs BmNPV] using EMBOSS Needle program, Score matrix: BLOSUM 62, Gap open penalty: 10.0, Gap 

extend penalty: 1.0, End gap open penalty: 10, End gap extend penalty: 1.0, Length: 1268, Identity: 310/1268 (24.4%), Similarity: 571/1268 

(45.0%), Gaps: 176/1268 (13.9%), Score: 942.0. 
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Fig. S7: gap lengths distribution of the third alignment. A) Using our method. B) Using EMBOSS Needle program. 
 

 
 

 
 

 

 

  



8

Fig. S8: Multiple sequence alignment [AdorGV, BmNPV, CpGV and NeseNPV] using EMBL-EBI MUSCLE program
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Fig. S8 (Continued)
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Fig. S8 (Continued)
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Fig. S9: Multiple sequence alignment [AdorGV, BmNPV, CpGV and NeseNPV] using EMBL-EBI Clustal Omega program
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Fig. S9 (Continued)
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Fig. S9 (Continued)
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Fig. S10: Multiple sequence alignment [FrogTF, ChinTF, CowTF and PossumTF] using EMBL-EBI MUSCLE program
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Fig. S10 (Continued)
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Fig. S11: Multiple sequence alignment [FrogTF, ChinTF, CowTF and PossumTF] using EMBL-EBI Clustal Omega program
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Fig. S11 (Continued)
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Table S1: Harmonic identical words, the orders of position in the two sequences, and their difference for each
harmonic identical word in the 1st alignment [Chin.TF vs Cow TF]

Harmonic
identical
words

Position
in1st

sequence

Position
in 2nd

sequence

Difference
in positions

Harmonic
identical words

Position in
1st

sequence

Position in
2nd

sequence

Difference
in positions

VRWC 14 25 -11 KCD 341 376 -35
KC 26 37 -11 IEC 357 388 -31
NV 33 44 -11 ECI 367 398 -31
SCVK 38 56 -18 KIM 371 402 -31
CIKAI 48 66 -18 EADA 376 407 -31
EADA 56 74 -18 DGG 383 414 -31
TLDGG 61 79 -18 AGKCGLVPV 390 421 -31
AGL 70 88 -18 AVAV 419 451 -32
NL 76 94 -18 SCHT 439 472 -33
AE 82 100 -18 RTAGWNIP 446 479 -33

YYAVAV 93 113 -20 MGL 454 487 -33
KK 100 120 -20 NC 463 496 -33
LN 108 127 -19 FS 470 503 -33

GKKSCHTG 112 132 -20 GCAPG 473 506 -33
TGLG 120 140 -20 CA 485 518 -33

SAGWNIP 123 143 -20 GS 490 523 -33
ES 150 162 -12 YYGYTGAF 510 540 -30
FF 156 171 -15 RCLVE 518 548 -30

ASCVP 159 174 -15 GDVAF 525 554 -29
LCQLC 171 188 -17 TDGN 539 568 -29
EPY 185 206 -21 WA 546 576 -30
YSGAF 190 211 -21 NL 549 579 -30
CL 196 217 -21 FE 555 585 -30
GAG 200 221 -21 LC 558 588 -30
VAF 204 225 -21 DGT 561 591 -30
KH 208 229 -21 PVT 566 596 -30
TV 211 232 -21 CHLA 573 603 -30

YELLC 220 246 -26 HAV 581 611 -30
DNTR 226 252 -26 IL 596 626 -30
LA 240 266 -26 QQ 600 630 -30
VP 243 269 -26 FG 604 634 -30

HAVV 246 272 -26 LLF 624 655 -31
NH 258 291 -33 TKCL 630 661 -31
KD 268 299 -31 LG 646 676 -30
LF 281 316 -35 AM 654 684 -30
FKDS 285 318 -33 LR 657 687 -30
LYLG 303 336 -33 STS 663 691 -28
EY 308 341 -33 LE 667 696 -29

KWCA 330 365 -35 ACTFH 670 698 -28
GH 335 370 -35



19

Table S2: Harmonic identical words, the orders of position, and their difference for each harmonic identical word in the
3rd alignment [AdorGV vs BmNPV]

Harmonic
identical
words

Position
in 1st

sequence

Position
in 2nd

sequence

Difference
in

positions

Harmonic
identical
words

Position
in 1st

sequence

Position
in 2nd

sequence

Difference
in

positions
VPE 13 13 0 YNVW 752 830 -78
TE 42 75 -33 TWLTRFY 770 848 -78
TL 55 88 -33 RI 778 856 -78

KPF 73 106 -33 YF 803 881 -78
YE 81 114 -33 FTNF 807 885 -78
NF 91 125 -34 ASLAIPVD 823 901 -78
TD 93 130 -37 GKSS 845 923 -78

GDY 107 142 -35 ELL 851 929 -78
IP 138 177 -39 HK 860 938 -78

HN 142 181 -39 KL 879 960 -81
LR 241 286 -45 SQLYV 883 963 -80
IN 284 329 -45 NE 889 969 -80
AT 301 345 -44 DS 909 989 -80
LL 308 355 -47 NN 931 1011 -80
LI 324 371 -47 YD 943 1020 -77

LW 328 375 -47 GSVYEH 969 1045 -76
EN 339 383 -44 FL 997 1073 -76
LC 354 399 -45 VL 1001 1077 -76
IY 412 458 -46 YK 1015 1091 -76
GF 439 495 -56 ND 1021 1097 -76
FN 486 541 -55 KHN 1026 1102 -76
CPF 511 566 -55 ALIY 1041 1117 -76
TL 518 573 -55 LN 1046 1122 -76
TD 545 600 -55 LH 1077 1154 -77
YH 553 609 -56 YN 1079 1161 -82
KII 686 763 -77 NA 1086 1168 -82

FND 706 785 -79 KF 1102 1189 -87
LF 710 790 -80 PNF 1128 1218 -90



Table S3: Results of alignments using EMBOSS Needle program with different values of gap penalties. 

 

 
 

Alignment 
sequences 

values of gap parameter s Results of the alignment 

 

Gap 
open 

 

Gap 
extended 

 

End gap 
open 

 

End gap 
extended 

Common 
length 

Including 
gaps 

 

identity 

 

similarity 
Total 

length of 
gaps 

 

score 

 
5 1 5 1 741 

346/741 459/741 101/741 
1692 

 (46.7%) (61.9%) (13.6%) 

First 
5 0.5 5 0.5 745 

347/745 460/745 109/745 
1713.5 

alignment: (46.6%) (61.7%) (14.6%) 

Chin.TF vs 
10 1 10 1 732 

331/732 444/732 83/732 
1529 

Cow TF (45.2%) (60.7%) (11.3%) 
 

10 0.5 10 0.5 737 
334/737 445/737 93/737 

1550.5 
 (45.3%) (60.4%) (12.6%) 
 

5 1 5 1 1299 
328/1299 560/1299 324/1299 

952 
 (25.3%) (43.1%) (43.1%) 

Second 
5 0.5 5 0.5 1381 

324/1381 571/1381 488/1381 
1072 

alignment: (24.8%) (41.3%) (35.3%) 

CpGV vs 
10 1 10 1 1233 

272/1233 498/1233 192/1233 
557 

NeseNPV (22.1%) (40.4%) (15.6%) 
 

10 0.5 10 0.5 1276 
277/1276 492/1276 278/1276 

620 
 (21.7%) (38.6%) (21.8%) 
 

5 1 5 1 1312 
360/1312 617/1312 264/1312 

1313 
 (27.4%) (47.0%) (20.1%) 

Third 
5 0.5 5 0.5 1369 

370/1369 624/1369 378/1369 
1410 

alignment: (27.0%) (45.6%) (27.6%) 

AdorGV vs 
10 1 10 1 1268 

310/1268 571/1268 176/1268 
942 

BmNPV (24.4%) (45.0%) (13.9%) 
 

10 0.5 10 0.5 1292 
314/1292 573/1292 224/1292 

1002.5 
 (24.3%) (44.3%) (17.3%) 
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Table S4: Different parts in the 1st alignment [Chin.TF vs Cow TF] using our method (left column) and EMBOSS Needle 

program (right column) 
 

-CLATVYA--A-PVEGM--------      

 ..| |.|  | .|.|:        

MRPA-VRALLACAVLGLCLADPERT 

Score* = 16, Gaps of total length 13  

 

----------------CLATVYAAPVEGM  

                ||     |..|.. 

MRPAVRALLACAVLGLCL-----ADPERT 

Score* = 16, Gaps of total length 21 

Comment: Gap attraction 

---E---F Score = 11  

   |   | Gaps of total length 6 

RILESGPF  

EF------ Score = 0, Gap of length 6 

..       Comment: Gap attraction 

RILESGPF  

E-DSD- Score = 5, Gaps of total length 2 

. |:.  

TKDNPQ  

--EDSD Score = 2, Gap of length 2 

  ::.. Comment: Gap attraction 

TKDNPQ  

FLN- Score = 10, Gaps of total length 2 

 ||  

-LNE  

FLN Score = -3, No gaps 

... Comment: Gap annihilation 

LNE  

VTLDQIQWAG Score = 2, Gaps of total 

.   : :    length 7 

Y---K-E---  

VTLDQIQWAG Score = -1, Gap of length 7 

       :.. Comment: Gap attraction 

-------YKE 

RPVES--- Score = 14 

 |.||    Gaps of total length 4 

-PQESIQR  

--RPVES Score = 3, Gap of length 2 

  ..::. Comment: Gap annihilation 

PQESIQR  

---D- Score = 6, Gaps of total length 4 

   | 

KGTDK  

----D Score = -1, Gap of length 4 

    . Comment: Gap attraction 

KGTDK  

----K- Score = 5, Gaps of total length 5 

    | 

TVGGKE 

-----K Score = 1, Gap of length 5 

     : Comment: Gap attraction 
TVGGKE  

MALKD---- Score = 11, Gaps of total 

 . ||     length 6 

-G-KDKPDN  

MALK--D Score = -2, Gap of length 2 

...|  : Comment: Gap annihilation 

GKDKPDN  

-RA- Score = 0, Gaps of total length 2 

 ..  

DECM  

R--A Score = -3, Gap of length 2 

.  . Comment: Gap attraction 

DECM 

DSR Score =1, Gaps of total length 2 

 :  

-A-  

DSR Score = -1, Gap of length 2 

  . Comment: Gap attraction 

--A  

D-EVR- Score = 1, Gaps of total length 2 

. |..  

KTEGES  

--DEVR Score = -3, Gap of length 2 

  :... Comment: Gap attraction 

KTEGES  

GDRA Score = 2, Gaps of total length 3 

  : 

--K-  

GDRA Score = -1, Gap of length 3 

   . Comment: Gap attraction 

---K  

TDGNG- Score = 23, Gap of length 1 

||||. 

TDGNNN  

TDG-NG Score = 23, Gap of length 1 

||| |. Comment: Alignment using  

TDGNNN identical tetra word is more 

accurate than using identical triplet 

word. 

-LEK Score = 9, Gaps of total length 2 

 ||  

LLE-  

LEK Score = 2, No gaps 

|.: Comment: Gap annihilation 

LLE  

*The scores in the table were calculated using BLOSUM 62 score matrix and without gap penalty. 
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Table S5: Different parts in the 3rd alignment [AdorGV vs BmNPV] using our method (left column) and EMBOSS Needle 

program (right column) 

MSVEDIFKTY-ESVPEPK--K-N----CN----K---------Y-W- 

| :::|.:.: :.|||.|  : |    .|    :         : : 

M-IDNILQFFLKDVPEDKTYEINNLQDANHLIIRNTRTGTRRLFEYV 

--Y-- Score* = 61, Gaps of total length 28 

  :   

NNFQQ  

---------------------MSVED-----IFKTYESVPEPKK 

                     .:::|     |..|........: 

MIDNILQFFLKDVPEDKTYEINNLQDANHLIIRNTRTGTRRLFE 

NCNKYWY Score* = 7, Gaps of total length 26 

..|.:.. Comment: Gap attraction 

YVNNFQQ 

--SS-K-K Score = 1, Gaps of total length 4 

  :: . . 

IRNNFNGP  

SSKK---- Score = -3, Gap of length 4 

....     Comment: Gap attraction 

IRNNFNGP  

PDKSI-F-NF--- Score = 25, Gaps of total  

 .|.| | ||    length 6 

-QKYINFENFFKS 

PD----KSIFNF Score = 4, Gap of length 4 

..    ::.|.. Comment: Gap attraction 

QKYINFENFFKS and annihilation 

TNVTF-LS- Score = 4, Gaps of total length 2 

....| .:  

KGQAFSFNG  

--TNVTFLS Score = 0, Gap of length 2 

  ...:|.. Comment: Gap attraction 

KGQAFSFNG 

YANTKY-- Score = 13, Gaps of total length 4 

  |.|:   

--NIKFGI  

YANTKY Score = -8, No gaps 

...... Comment: Gap annihilation 

NIKFGI  

YDINND---LIFTN--T--DKTPKIEMMTVQSKK-SIKIYFGSN- 

 ..|:|   .:|.|  |  |::.: ::..::... :: :....| 

-RTNHDPPQTLFVNGKTKFDESHE-DLFILKMADGTV-VTCKVNG 

  
Score = 42, Gaps of total length 12 

---YD------INNDLIFTNTDKTPKIEMMTVQSKKSIKIYFG 

   :|      :|....|..:.:...|..|...:..:.|:    

RTNHDPPQTLFVNGKTKFDESHEDLFILKMADGTVVTCKV--- 

SN Score = 17, Gaps of total length 12 

:. Comment: Gap attraction 

NG  

-VTF Score = 8, Gaps of total length 2 

 :| 

CIT-  

VTF Score = -4, No gaps 

... Comment: Gap annihilation 

CIT  

IRK- Score = -1, Gaps of total length 2 

 .. 

-NDV  

IRK Score = -7, No gaps 

... Comment: Gap annihilation 

NDV  

PCSNYEAEF- Score = 12, Gaps of total length 2 

 .|:..|:: 

-ASSENADYI  

PCSNYEAEF Score = -5, No gaps 

..|...... Comment: Gap annihilation 

ASSENADYI  

MEN- Score = 11, Gaps of total length 2 

 ||  

-ENF  

MEN Score = -5, No gaps 

... Comment: Gap annihilation 

ENF  

-ENLIYFGN-KNCGKA-FMKSLC--FFVDPCRGKEAFFESICC 

 |.|..... |...|. |.:: |  :| | ....: ...|:.. 

NEALKRCEPYKKQEKVVFNRT-CNHWF-D-FDDTK-LCVSLGY 

Score = 22, Gaps of total length 9 

 

ENLIYFGNKNCGKAFMKSLCFFFESICC----- 

...:    |.|.....:....|.::..|      

NEAL----KRCEPYKKQEKVVFDDTKLCVSLGY 

Score = 14, Gaps of total length 9 

Comment: Gap attraction 

---E-K--T-GD--- Score = 15  

   . |  | .|    Gaps of total length 10 

LTLSAKNETLDDDEL 

------EKTGD---- Score = 7  

      .:|.|     Gaps of total length 10 

LTLSAKNETLDDDEL Comment: Gap attraction 

TLAF-L- Score = 14, Gaps of total length 4 

 | | |  

-L-FKLV  

TLAFL Score = -1, No gaps 

....: Comment: Gap annihilation 

LFKLV  

PEISVSG Score = 5, Gaps of total length 2 

.::| :  

YKLS-N-  

PEISVSG Score = 4, Gap of length 2 

  ..:|. Comment: Gap attraction 

--YKLSN  

INF- Score = 3, Gaps of total length 2 

 .:  

-KYL  

INF Score = -5, No gaps 

... Comment: Gap annihilation 

KYL  

ITDTD- Score = 16, Gaps of total length 2 

 |.||  

-TSTDE 

ITDTD Score = 0, No gaps 

.:..: Comment: Gap annihilation 

TSTDE 

--QTILCLKECKLANASNSV-AILEEKIHEMV--V 

  :|.:.:.. .:.|. |:. |.:...::.:.  : 

MLKTNMAIVN-YMGNC-NTCQADMRVALNNLFRDL 

Score = 22, Gaps of total length 7 

 

Q------TILCLKECKLANASNSVAILEEKIHEMVV 

.      .:..:..|....|...|| |.....::  

MLKTNMAIVNYMGNCNTCQADMRVA-LNNLFRDL-- 

Score = 20, Gaps of total length 9   

Comment: Gap attraction 

MK---TAVD---VDLMC---MQ-S--AI-VAHL--LWPN- 

.|   :.|.   ....|   :: :  |: |..:  ::.| 

CKPCRSTVSGSRPKCKCYKKIKINRKALKVCLIADMFGND 

Score = 32, Gaps of total length  16   

 

----------------MKTAVDVDLMCMQSAIVAHLLWPN 

                ....:.::...::..::|.:...:       

CKPCRSTVSGSRPKCKCYKKIKINRKALKVCLIADMFGND 

Score = 6, Gap of length 16 

Comment: Gap attraction 

K--T- Score = 0, Gaps of total length 3 

:  .  

QHGEF  

---KT Score = -1, Gap of length 3 

   :. Comment: Gap attraction 

QHGEF 

-HCN Score = 8, Gaps of total length 2 

 |.  

NHA-  

HCN Score = -4, No gaps 

:.. Comment: Gap annihilation 

NHA  
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Table S5 (continued) 

-HNNNE-R Score = 11, Gaps of total length 2 

 .:|.| . 

GESNKETS  

HNNNER-- Score = 6, Gap of length 2 

..:|:.   Comment: Gap attraction 

GESNKETS 

-KLY Score = 9, Gaps of total length 2  

 ||  

SKL- 

KLY Score = -3, No gaps 

... Comment: Gap annihilation 

SKL 

-ARCNY-GVMET Score = 23, Gaps of total length 4 

 :| .| |:::  

KSR-KYQGLLK-  

ARCNYGVMET Score = -5, No gaps 

....|..:.. Comment: Gap annihilation 

KSRKYQGLLK 

HVNKKYSEVRDV- Score = 8, Gaps of total length 2 

 :..|...:..:  

-IKSKQFPIESMY  

HVNKKYSEVRDV Score = -6, No gaps 

..:|::...... Comment: Gap annihilation 

IKSKQFPIESMY  

VLQ- Score = 5, Gaps of total length 2 

 |:  

-LKN  

VLQ Score = -1, No gaps 

:.. Comment: Gap annihilation 

LKN 

-KRNT Score = 13, Gaps of total length 2 

 |:|  

YKKN-  

KRNT Score = 0, No gaps 

.:.. Comment: Gap annihilation 

YKKN 

DT--LLIDFKKR--FN--TTKF--- 

.:  ..: |.::  ..  ..||    

SSSKSFV-FNEQVLLQQIKNKFKNN  

Score = 20, Gaps of total length 10 

 

DT----------LLIDFKKRFNTTKF 

.:          ||...|.:|...   

SSSKSFVFNEQVLLQQIKNKFKNN-- 

Score = 19, Gaps of total length 12  

Comment: Gap attraction 

*The scores in the table were calculated using BLOSUM 62 score matrix and without gap penalty. 
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Scripts: 
 

Script1: the aim of this script is to find the identical words and their position orders in the two aligned 
sequences. 
Script2: the aim of this script is to find the maximum score alignment of the two subsequences between 
each two successive HIWs. 
Script3: the aim of this script is to evaluate the alignment quality by measuring the identity percent, gap 
percent and similarity. 

 

All scripts S1, S2 and S3 are present at the link below: 

https://colab.research.google.com/drive/1JzYn7Iz_kRk4JlFxII9BvTz71C_3jlNV#scrollTo=_ET_upz 


