
Preparation for Variant Analysis (4A & 4B) 
 
Preliminaries for 4A: 
 
Protein of interest: GTP Cyclohydrolase I, AA sequence in FASTA format: 
 
>EAW80648.1 GTP cyclohydrolase 1 (dopa-responsive dystonia)[Homo sapiens] 
MEKGPVRAPAEKPRGARCSNGFPERDPPRPGPSRPAEKPPRPEAKSAQPADGWKGERPRSEEDNELNLPN 
LAAAYSSILSSLGENPQRQGLLKTPWRAASAMQFFTKGYQETISDVLNDAIFDEDHDEMVIVKDIDMFSM 
CEHHLVPFVGKVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQIAVAITEALRPAGVGVVVEATH 
MCMVMRGVQKMNSKTVTSTMLGVFREDPKTREEFLTLIRS 
 
List of variants to be analyzed (note, only 6 required): 
E65Q, A73V, A98V, S100L, I154M, P199A, M211I, M215T 
 
Output of ProtParam analysis (numbered protein sequence): 
 
        10         20         30         40         50         60  
MEKGPVRAPA EKPRGARCSN GFPERDPPRP GPSRPAEKPP RPEAKSAQPA DGWKGERPRS  
 
        70         80         90        100        110        120  
EEDNELNLPN LAAAYSSILS SLGENPQRQG LLKTPWRAAS AMQFFTKGYQ ETISDVLNDA  
 
       130        140        150        160        170        180  
IFDEDHDEMV IVKDIDMFSM CEHHLVPFVG KVHIGYLPNK QVLGLSKLAR IVEIYSRRLQ  
 
       190        200        210        220        230        240  
VQERLTKQIA VAITEALRPA GVGVVVEATH MCMVMRGVQK MNSKTVTSTM LGVFREDPKT  
 
       250  
REEFLTLIRS  
 
 
Completed main item (only the marked version must be submitted): 
 
4A. Your POI AA sequence with variant locations marked. 
 
GTPCH1 – AA variant locations marked 
 
        10         20         30         40         50         60  
MEKGPVRAPA EKPRGARCSN GFPERDPPRP GPSRPAEKPP RPEAKSAQPA DGWKGERPRS  
 
        70         80         90        100        110        120  
EEDNELNLPN LAAAYSSILS SLGENPQRQG LLKTPWRAAS AMQFFTKGYQ ETISDVLNDA  
 
       130        140        150        160        170        180  
IFDEDHDEMV IVKDIDMFSM CEHHLVPFVG KVHIGYLPNK QVLGLSKLAR IVEIYSRRLQ  
 
       190        200        210        220        230        240  
VQERLTKQIA VAITEALRPA GVGVVVEATH MCMVMRGVQK MNSKTVTSTM LGVFREDPKT  
 
       250  
REEFLTLIRS  
 
List of variants to be analyzed: 
E65Q, A73V, A98V, S100L, I154M, P199A, M211I, M215T 
 
 
 
 



Preliminaries for 4B: 
Documents to include with 4B: 
1. FASTA format AA sequences in single file [Example] 
2. Species name codes including full species name and common name [Example] 
 
MSA with phylogenetically diverse GCH1s:  
 

Hsa_GCH1       ---MEKGPVR----------APAEKPRGARCSNGFPERDPPRPGPSRPAE---------- 37 
Cin_GCH1       ------------------------------------------------------------ 0 
Spu_GCH1       MSA------------DHTDSVPN---------GDCPHLPNGLPSPARTDD-ADILAAK-T 37 
Cel_GCH1       MSRIE-----------NESGFLSSDAASVGSEDDKVEMK--------------------- 28 
Dme_GCH1B      MKPQTSE--------QNGSGQ-NG--EGAADAVAVATIPTGEASAASATSGTDLTVSKNS 49 
Lan_GCH1       MSVMRDEQYGLYEDKNNKRSITNGRTRTLSCDADFPSAP--------------------- 39 
Nve_GCH1       ----------------------------MNVS-DVPQLE--------------------- 10 
Tad_GCH1       MSVLLN----------------------------------GEKSYVDE--------KKED 18 
                                                                            
 
Hsa_GCH1       ---------------------------KPPRPEAKSAQPADGWKGERPRSEEDNELNLPN 70 
Cin_GCH1       ----MNTADTVMAA-GS---KTTSNGFTE-----------FSRPSKNASNQTHGSNQHNR 41 
Spu_GCH1       HSLSL--QDSSFH--STGRENLTMNGEVPTKEEENRKLLKKTADSHASLYRQDSDKQLPG 93 
Cel_GCH1       ----------------------------------------------KRNGTIPKEDHLKS 42 
Dme_GCH1B      QQLKLEMLNLELASNGSGHEKCTFH-----------------HDLELDHKPPTREALLPD 92 
Lan_GCH1       ----------------------------------------GRLHSVDEENQNEEKERLCE 59 
Nve_GCH1       ----------------------------------------K-----RATDEATVGKEVAA 25 
Tad_GCH1       EQ-----STLSIDKKRQGNNKNEFNKNVD----------QIAQVSNIVINSKQEEKILHS 63 
                                                                            
 
Hsa_GCH1       LAAAYSSILSS-LGENPQRQGLLKTPWRAASAMQFFTKGYQETISDVLNDAIFDEDHDEM 129 
Cin_GCH1       LEGAFRSILEE-IGEDVNRQGILKTPKRAAEAIKFFTKGYNENLQEIVNEAIFDEDHDDI 100 
Spu_GCH1       LALAYRSIIRG-VGEDPNRQGLKKTPDRAAKAMMFFTKGYEEKIEDVLNDAIFDEDHDEM 152 
Cel_GCH1       MCNAYQSIIQH-VGEDINRQGLLKTPERAAKAMMAFTKGYDDQLDELLNEAVFDEDHDEM 101 
Dme_GCH1B      MARSYRLLLGG-LGENPDRQGLIKTPERAAKAMLYFTKGYDQSLEDVLNGAVFDEDHDEM 151 
Lan_GCH1       MTDAYTHLLKG-IGEDVSREGLLKTPARASKAMLFFTKGYEEKIQDVLNDAIFDEDHDEM 118 
Nve_GCH1       ISKAYETILSN-IGEDKDRQGLLKTPERAAKAMLYFTKGYEEKVQEILNDAVFDEDHDEL 84 
Tad_GCH1       LEQSYYSILNTIPGEDVTRQGILKTPSRAAKAMFYFTKGYRDNLNELINDALFNVDHDEM 123 
               :  ::  ::    **:  *:*: *** **:.*:  ***** : :.:::* *:*: ***:: 
 
Hsa_GCH1       VIVKDIDMFSMCEHHLVPFVGKVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQI 189 
Cin_GCH1       VIVKDIDMFSMCEHHLVPFTGKVAIGYIPNKRVLGISKLARIVEMYSRRLQVQERLTKQI 160 
Spu_GCH1       VVVKDIEMFSLCEHHLVPFIGKVSVGYLPNKRVLGLSKVARLVEIYSRRLQVQERLTKQI 212 
Cel_GCH1       VIVKDIEMFSLCEHHLVPFMGKVHIGYIPNKKVLGLSKLARIVEMFSRRLQVQERLTKQI 161 
Dme_GCH1B      VVVKDIEMFSMCEHHLVPFYGKVSIGYLPCNKILGLSKLARIVEIFSRRLQVQERLTKQI 211 
Lan_GCH1       VIVKDIEMFSMCEHHLVPFIGKVSIGYLPNKRVLGLSKLARIVEIFSRRLQVQERLTKQI 178 
Nve_GCH1       VIVKDIEMFSLCEHHLVPFMGKVHIGYLPNKKIVGLSKLARLVEMFSRRLQVQERLTKQI 144 
Tad_GCH1       VIVKDIEFFSLCEHHLVPFYGKVHVGYLPNRQVVGLSKIARIIEMYSRRLQVQERMTKQI 183 
               *:****::**:******** *** :**:* .:::*:**:**::*::*********:**** 
 
Hsa_GCH1       AVAITEALRPAGVGVVVEATHMCMVMRGVQKMNSKTVTSTMLGVFREDPKTREEFLTLIR 249 
Cin_GCH1       ASALVEVIEPSGVAVVIEASHMCMVMRGVQKPRATTMTSSMFGVFRDDPKTREEFLTLLN 220 
Spu_GCH1       ALAVTEAIAPAGVGVVIEAVHMCMVMRGVQKLNSKTITSCMLGDFREDPKTRDEFLQLIR 272 
Cel_GCH1       ATAMVQAVQPSGVAVVIEASHMCMVMRGVQKINASTTTSCMLGVFRDDPKTREEFLNLIN 221 
Dme_GCH1B      AVAVTQAVQPAGVAVVVEGVHMCMVMRGVQKINSKTVTSTMLGVFRDDPKTREEFLNLVN 271 
Lan_GCH1       AVALTEAIQPAGVGVVIEATHMCMVMRGVQKLNSKTITSTMLGVFREDPKTREEFLTLTR 238 
Nve_GCH1       AMAIVEAVNPAGVGVVIEAKHMCMVMRGVQKPSSETVTSCMLGVLREDPRSRDEFLTLIH 204 
Tad_GCH1       AEAVTTAINPTGVGVVIEGTHMCMVMRGVQKTGSKTTTSTMIGVFREDPRTREEFLSLIR 243 
               * *:. .: *:**.**:*. ***********  : * ** *:* :*:**::*:*** * . 
 
Hsa_GCH1       S--- 250 
Cin_GCH1       KT-- 222 
Spu_GCH1       G--- 273 
Cel_GCH1       KR-- 223 
Dme_GCH1B      SK-- 273 
Lan_GCH1       T--- 239 
Nve_GCH1       KRKL 208 
Tad_GCH1       H--- 244 
 

Note: ideally, fit MSA on single page, otherwise don’t break within an 
alignment section.  



Completed main item (only the below MSA version must be submitted): 
4B. MSA with variant locations marked:  
 
Hsa_GCH1       ---MEKGPVR----------APAEKPRGARCSNGFPERDPPRPGPSRPAE---------- 37 
Cin_GCH1       ------------------------------------------------------------ 0 
Spu_GCH1       MSA------------DHTDSVPN---------GDCPHLPNGLPSPARTDD-ADILAAK-T 37 
Cel_GCH1       MSRIE-----------NESGFLSSDAASVGSEDDKVEMK--------------------- 28 
Dme_GCH1B      MKPQTSE--------QNGSGQ-NG--EGAADAVAVATIPTGEASAASATSGTDLTVSKNS 49 
Lan_GCH1       MSVMRDEQYGLYEDKNNKRSITNGRTRTLSCDADFPSAP--------------------- 39 
Nve_GCH1       ----------------------------MNVS-DVPQLE--------------------- 10 
Tad_GCH1       MSVLLN----------------------------------GEKSYVDE--------KKED 18 
                                                                            
 
Hsa_GCH1       ---------------------------KPPRPEAKSAQPADGWKGERPRSEEDNELNLPN 70 
Cin_GCH1       ----MNTADTVMAA-GS---KTTSNGFTE-----------FSRPSKNASNQTHGSNQHNR 41 
Spu_GCH1       HSLSL--QDSSFH--STGRENLTMNGEVPTKEEENRKLLKKTADSHASLYRQDSDKQLPG 93 
Cel_GCH1       ----------------------------------------------KRNGTIPKEDHLKS 42 
Dme_GCH1B      QQLKLEMLNLELASNGSGHEKCTFH-----------------HDLELDHKPPTREALLPD 92 
Lan_GCH1       ----------------------------------------GRLHSVDEENQNEEKERLCE 59 
Nve_GCH1       ----------------------------------------K-----RATDEATVGKEVAA 25 
Tad_GCH1       EQ-----STLSIDKKRQGNNKNEFNKNVD----------QIAQVSNIVINSKQEEKILHS 63 
                                                                            
Hsa_GCH1       LAAAYSSILSS-LGENPQRQGLLKTPWRAASAMQFFTKGYQETISDVLNDAIFDEDHDEM 129 
Cin_GCH1       LEGAFRSILEE-IGEDVNRQGILKTPKRAAEAIKFFTKGYNENLQEIVNEAIFDEDHDDI 100 
Spu_GCH1       LALAYRSIIRG-VGEDPNRQGLKKTPDRAAKAMMFFTKGYEEKIEDVLNDAIFDEDHDEM 152 
Cel_GCH1       MCNAYQSIIQH-VGEDINRQGLLKTPERAAKAMMAFTKGYDDQLDELLNEAVFDEDHDEM 101 
Dme_GCH1B      MARSYRLLLGG-LGENPDRQGLIKTPERAAKAMLYFTKGYDQSLEDVLNGAVFDEDHDEM 151 
Lan_GCH1       MTDAYTHLLKG-IGEDVSREGLLKTPARASKAMLFFTKGYEEKIQDVLNDAIFDEDHDEM 118 
Nve_GCH1       ISKAYETILSN-IGEDKDRQGLLKTPERAAKAMLYFTKGYEEKVQEILNDAVFDEDHDEL 84 
Tad_GCH1       LEQSYYSILNTIPGEDVTRQGILKTPSRAAKAMFYFTKGYRDNLNELINDALFNVDHDEM 123 
               :  ::  ::    **:  *:*: *** **:.*:  ***** : :.:::* *:*: ***:: 
 
Hsa_GCH1       VIVKDIDMFSMCEHHLVPFVGKVHIGYLPNKQVLGLSKLARIVEIYSRRLQVQERLTKQI 189 
Cin_GCH1       VIVKDIDMFSMCEHHLVPFTGKVAIGYIPNKRVLGISKLARIVEMYSRRLQVQERLTKQI 160 
Spu_GCH1       VVVKDIEMFSLCEHHLVPFIGKVSVGYLPNKRVLGLSKVARLVEIYSRRLQVQERLTKQI 212 
Cel_GCH1       VIVKDIEMFSLCEHHLVPFMGKVHIGYIPNKKVLGLSKLARIVEMFSRRLQVQERLTKQI 161 
Dme_GCH1B      VVVKDIEMFSMCEHHLVPFYGKVSIGYLPCNKILGLSKLARIVEIFSRRLQVQERLTKQI 211 
Lan_GCH1       VIVKDIEMFSMCEHHLVPFIGKVSIGYLPNKRVLGLSKLARIVEIFSRRLQVQERLTKQI 178 
Nve_GCH1       VIVKDIEMFSLCEHHLVPFMGKVHIGYLPNKKIVGLSKLARLVEMFSRRLQVQERLTKQI 144 
Tad_GCH1       VIVKDIEFFSLCEHHLVPFYGKVHVGYLPNRQVVGLSKIARIIEMYSRRLQVQERMTKQI 183 
               *:****::**:******** *** :**:* .:::*:**:**::*::*********:**** 
 
Hsa_GCH1       AVAITEALRPAGVGVVVEATHMCMVMRGVQKMNSKTVTSTMLGVFREDPKTREEFLTLIR 249 
Cin_GCH1       ASALVEVIEPSGVAVVIEASHMCMVMRGVQKPRATTMTSSMFGVFRDDPKTREEFLTLLN 220 
Spu_GCH1       ALAVTEAIAPAGVGVVIEAVHMCMVMRGVQKLNSKTITSCMLGDFREDPKTRDEFLQLIR 272 
Cel_GCH1       ATAMVQAVQPSGVAVVIEASHMCMVMRGVQKINASTTTSCMLGVFRDDPKTREEFLNLIN 221 
Dme_GCH1B      AVAVTQAVQPAGVAVVVEGVHMCMVMRGVQKINSKTVTSTMLGVFRDDPKTREEFLNLVN 271 
Lan_GCH1       AVALTEAIQPAGVGVVIEATHMCMVMRGVQKLNSKTITSTMLGVFREDPKTREEFLTLTR 238 
Nve_GCH1       AMAIVEAVNPAGVGVVIEAKHMCMVMRGVQKPSSETVTSCMLGVLREDPRSRDEFLTLIH 204 
Tad_GCH1       AEAVTTAINPTGVGVVIEGTHMCMVMRGVQKTGSKTTTSTMIGVFREDPRTREEFLSLIR 243 
               * *:. .: *:**.**:*. ***********  : * ** *:* :*:**::*:*** * . 
 
Hsa_GCH1       S--- 250 
Cin_GCH1       KT-- 222 
Spu_GCH1       G--- 273 
Cel_GCH1       KR-- 223 
Dme_GCH1B      SK-- 273 
Lan_GCH1       T--- 239 
Nve_GCH1       KRKL 208 
Tad_GCH1       H--- 244 
 
 
 
 
 
 
 



Completed main item (examples): 
 
4C. Variant Analysis based on AA type change only (a few examples) 
(Note: these are not actual GTPCH1 variants, but other hypothetical changes.  
You may put all of your variants into some kind of table, or simple lists like 
below. The descriptions refer to the side chain, of course.) 
 
1. L86G – Leu (L) to Gly (G) 

i. Change from a large aliphatic, hydrophobic AA to a tiny, slightly 
hydrophobic amino acid.  

ii. BLOSUM score: -4 
iii. Summary: Radical change 

 
2. F141E – Phe (F) to Glu (E) 

i. Change from an aromatic, hydrophobic AA to a polar, acidic amino 
acid.  
ii. BLOSUM score: -3 
iii. Summary: Radical change 
 

2. S165A – Serine (S) to Alanine (A) 
i. Change from a tiny, polar AA to a tiny, hydrophobic amino acid.  
ii. BLOSUM score: 1 
iii. Summary: minimal to moderate change 

 
4D. Variant Analysis including MSA conservation information 
 
Summary variant analysis 
E65Q - likely benign 
A73V - likely benign 
A98V - likely pathogenic 
S100L - likely benign 
I154M – uncertain, benign? 
P199A - likely pathogenic 
M211I - likely pathogenic 
M215T - likely pathogenic 
 
 
Additional explanation of your reasoning for each designation of your variants 
is appropriate.  
 
Example: A98V - likely pathogenic. Although A & V are similar hydrophobic AAs, 
they’re not highly similar (e.g., A is small, V larger; BLOSUM score A->V is 
0); but most importantly, based on the MSA, A at this position is 100% 
conserved.  
 
             


