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Abstract: Each year people suffer from complications of adverse drug

reactions, but with

pharmacogenomics there is hope to prevent thousands of these people from suffering or dying
needlessly. The CYP2D6 gene ispensible for metabolizing a large portion of these drugecause of
(KS BySa A LaNByG various approaches have been taken to analyze CYP2D6 and single nucleotide

polymorphisms (SNPs) throughout its sequence.

This study introduces a novel methndlyne the

effects of SNPs on encoded protein complexes by focusing on the biochemical properties of each non
synonymous substitution using the program TreeSAAP. We apply this technique to SNPs found in the
CYP2D6 geneOur results show four SNPs thathébit radical changes in amino acid properties which
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specific drugs.

1.0Introduction

On average 2.2 million people are hospitalized and
100,000 peopledie every year due to adverse drug
reactions (Stipp, 200Q) There are muiple factors that
determine how an individual Wireact to a given drug
dosageincludingweight, age, sex, race, and habits (Kalow,
2006). Yet what has commonly been overlooked until
NEDYU 89 N (KS VRIRDEEGE | oXAR (B Y S 62i4S (KS
drug. Various genes are responsible for this medhdm,
but the CYP2D6 gene is responsible for metabolizing
large portion of drugs including antidepressants,
antipsychotic drugs, codeine, debrisoquin and others
(Evans and Relling, 1999)f there aresingle nucleotide
polymorphismg(SNPs) within an RZRIE{G CYP2D@ene,
functionality problems ranging from overly active
metabolism to complete loss of function may result.
Therefore, for the purpose of safetyjt is necessary to
identify these problems before prescribing drugs.

Thus far there haveden various methods to analyze SNPs
such as using poshortem analysis of genes along with the
LINy@ 1y26y YSROT KBNJusing PCRLevo, et al.

2003), allelespecific PCR with energnansfer primers and
capillary array electrophoresis microchips (@éatz, et al
2001) and creating electrical circuits with DNA for SNP
detection Syvaen, A., and &lerlund, H. 2002)but none
have taken the approach of analyzing amino acid
properties to determine the likelihood of problems
occurring Using these propdes it is possible to measure
the extremity of each nosynonymous SNP. This is don
using TreeSAAP (Woolley 2008hich is a program that
was originally intended to identify selection over
evolutionary time, but has proven valuable in detecting the
effeds of amino acid substitutions. We introduce the
technique of using TreeSAAP to identify the extreme
biochemical changes that SNPwguce in the encoded
proteins andapply this method to SNPs in the CYP2D6
BYS P RIS (KINFASTI 2y /, tH5c@ okRy to
metabolize drugs



TABLE :1The6 nonsynonymous single nucleotide polymorphismghe CYP2D6 geramalyzed in this studwith
their consequent amino acid replacement§hee SNPs are found in various sequences that were collected from
GerBank(Table 2).

SNP # Base Change Base Site AA Change AA Site Sequences

1 C>T 100 Pro-> Ser 34 CYP2D6*4A, CYP2D6*4D, CYP2D6’
2 C>A 271 Leu-> Met 91 CYP2D6*44
3 A->G 281 His-> Arg 93 CYP2D6*44
4 C>T 320 Thr-> lle 107 CYP2D6*17, CYP2D6*1
5 T>C 886 Cys> Arg 296 CYP2D6*4A, CYP2D6*4LY,P2D6*9

CYP2D6*10E
6 C>G 1457 Thr-> Ser 486 CYP2D6*9

TABLE2: The 8 sequences of the CYP2D6 gene  ¢NG[! !t @G IyI©25Sa | NSOl &SR didy” (KS (NGB FD/> K1 &

used in this study. According to GenBank and important to have confidence in that foundation.
SwissProt 2 sequences are able to metabolize However it is essentially impossible to have confidence in
specific drugs properly an@ are dysfundbnal in any phylogenetic tree using population data because of its
this regard sequence conservation.Thus, TreeSAAP would normally
Sequence Functional/NonFunctional not be ideal for such a study since amalyses based upon

a tree produced by population data would betile.

CYP2D6*1 Functional . N .
CYP2D6*4A Non-Eunctional However, there is one tree that is indisputable: a tree with
CYP2D6*4D Non-Functional two taxa as shown iniffurel. The two taxa inHgurel are
CYP2D6%9 Non-Functional the reference sequence (RefSeq) froBerBank and a
CYP2D6*10B Non-Functional mutant seaience. For simplicity, every SNP in each
CYP2D6*17 Non-Functional sequence used in this study wpkcedindividually into its
CYP2D6*17V Non-Eunctional own mutant sequence (this was done using the Ref&eq
CYP2D6 RefSeq Functbnal the base sequengeas shown inigure2. Thus, when the

two taxa are compared in TreeSAAP ther®mnly one SNP

to be analyzed.

2.0 Materials and Methods

Table 1shows the 6 norsynonymousSNPs that were TreeSAAP, which implements the MMO1 statistical model
analyzed in this study.Eight sequencesontaining these  (McClellan and McCracken, 2001) and the baseml ancestral
SNPsof the CYP2D6 gene from humans were collected characterstate reconstruction algorithm (Yang, 1997), is
from GenBink Six are said to be neonctional ysed to statistically analyze each SNP for radical
(CYP2D6*4A, CYP2D6*4D, CYP2D6*9, CYP2D6*10Bpjochemical shifts resulting from each amino acid
CYP2D6*17, and CYP2D6*17ahd two are said to be

functional GenBankReference Sequence and CYP2D6*1) RefSeq XIGTTYT ..
protein is able to metabolize specific drugs properly.

These6 SNPs were analyzed to determine which SNPs may Mutant Figure 2: Example of
be causing the lack of functionality in the 6 nfumctional Figure 1: Example of a RefSeq vs. mutant
Sequences. two taxa tree.

TreeSAAP uses phylogenetic trees in its analysis to identifyeplacement and identify the amino acid properties that
selection over golutionary time (Woolley 2003);dwever,  were associateavith each change.Several statistical tests
since this is popation data, selection is not the interest of are run to determine the extremity of raamino acid
the study. The purpose is to analyze each individual SNP inreplacement among whichare chisquare and itest.

a given sequence and identify the extremity of the TreeSAARategorizes radical changes into eight magnitude
mutation. It is possible to identify SNPs that are likely to categories, 1 being the most conservative anbdefngthe
cause afunctional problem even without knowing the  most radical (Woolley et al., 2003 this analysis we only
phenotype If the phenotype is already knowto be less  considered magnitude cageries 6, 7, and 8 because they
functional (or completely norunctional),the SNP(s) most  unambiguously indicate a significant change in the
likely to be causing the problem can be identifiedsince resulting protein (McClellan et al., 2005).



SNP # JA281G HI3R)
3.0Resultsand Discussion Second there is a mutation at nucleotide 281 whichaiso
This study focused on six sequences known to be- non in sequence CYP2D6*4hown inFigure4. In this case it is
functional. These include CYP2D6*4A, CYP2D6*4Da transitional mutation from adenine to guanine resulting
CYP2D6*9, CYP2D6*10B, CYP2D64tid CYP2D6*17V in an amino acid mutation fra histidine to arginine This
(Table 2. Of the 6 unique non-synonymousSNPs in this SNPhas an increased tendency MK2NUIYR Y SRidY
study (Table 1), TreeSAAP indicadefour of them, SNP  range noro2yRSR S/SNEQ whichwas found by TreeSAAP
numbers 1, 34 and 5, that show significant clinges in  to be ofcategory §Table 4)
amino acid properties. The following is a discussion of

each SNP. TABLE 4TreeSAAP results for SNP #3. This SNP
has an increased tendency ¥K2NilyR Y SRy

SNP #1 (C100T, P34S) range noRO2YRSR SySNE®

At nucleotide 100 in sequences CYP2D6*4A, CYP2D6*4D, SNP #3 TreeSAAP Results

and CYP2D6*10B there is a transitional mutation from Amino Acid Property Category +/- Shift

cytosine to thymineas seen inigure 3 which results in an - “gport and medium range nen 6 +03

amino acid substitution of proline to seringAccording to ponded energy
TreeSAAP, in ih situationthere was a category 7 change

N W26 SN 05 Hi (KS /-¢&NO)HQand a category 6 in

WKSNd2dynamic transfer hydrophobicify (Table 3). ;T%Tifﬁfgzgrt ,|S:3 %Spir; of2]s] we,.|
TreeSAAP indicated that the SNias an increased [— . . . . 7 TGGTIGACCCACGGCGA
propensityin both of these properties. ¥gi 40806230 RefSeql .| .| . |. ... .. . .. ..

Mgi 82492085 CYP2D6"4A . . ... L. Gl.|-|-|-|-]-

. Wigi 82492086 CYP2D6*4D . | L oL
TABLE 3TreeSAAP results for SMP. This SNP ¥igi 82492087 CYP2D6"9

has an increased propensity lboth amino acid ¥igi 82492080 CYP2D6™10B . |. . . ... .. oo
properties  WKSNRRWIYO  NYEEN) [ SiGmiowesen
KERNLB20/KEQ YR W2 INIR 0S U KS /- ; > = >
CENON - Figure 4: SNR 3at nucleotide 28lvisualized with MEGA
SNP #1 TreeSAAP Results (Kumar, et al. 1994).
Amino Acid Property Category +/- Shift
Thermodynamic transfer 6 +2.7 SNP # 4(C320T, T100)
hydrophobicity The third mutation is a dramatic increase from the
previous mutations. At nucleotide 320 there is a
Power to be athe GTerminal 7 +1.38 transitional mutation from cytosine to thyminérgure 5)
which results in a mutation from threonine to isoleucine
This occurs in sequences CYP2D6*17 and CYP2D6*17V.
Dsta Diplay Hghicht Statstcs riebp With this mutation comes fourproperty changes of
Befn oalcfvrsholafd] . | OFRNIc GPENIS ydY oSNET bty NERISD
T ————— R e e A e A e
“gi 82492085 CYP2D6™4A | T KAEVH‘%I.KQOM|YR B2 ?TO EE?WTVd{’Zf@[UL G[S’Eé?()fAS
Samemmowaore — | ooy NIEQ YR SIGNERRIYO - (NYaENS
5qi 82402089 CYP2DGI0B . . T T T T T T T T T T KERNRLB20XXE® (Table 5) TreeSAAP indicatl that this
©Igi 82492099 CYP2D6*17 . | . . . .. ool SNP has an increased propensity for thamino acid
HOSSRIMCPRETIV L L L L L LBRLSNE WljdEoNdy CyET v dzyAl Ry 2F/ hhi QYR
Figure 3 SNP# 1at nucleotide 100visualized withMEGA decreases thether properties
(Kumar, et al. 1994).




TABLE 5TreeSAAResults for SNP #4This SNRas an Three are category 6V XDt Gyl Gi | NI DW2NA SR

increased propensity forthe amino acid property GyaSy/ada KERNLB20/XBXW2( NB@) three are category 7
QljdoNdy C2yalyh deydldey 2F /hhl QYR a SUEEN TS yd 6 SNT by Ry 3 NSRRI S002Y L aaiiey )
decreased propensity for (KS LEPLINGEZ WENIS WERLB(Ke® and four are category 8 changes

number of surBdyRy3 NERIZ) WdKSR/SED SPAMISRY S NE2 SSONDL IVTEMPKNIT YR Y SRAY Ny3S
Wbty Ry | SRBLE20XXEX) Y2fdent accessible non-02yRSR Syl f y2y-02yRSR SYSNB® Such a

NRIgiRy NIRX YR WKSNO2RYI YO (NYESNJ drastic change is very likely to render a protein fon
KERNRL B0/ KB functional. Thus, we suggest that one ohe two
SNP # TreeSAAP Results sequencegCYP2D6*1 or RefSeig) nonfunctional. $ce
Amino Acid Property Categoy  +/- Shift the amino acid mutation involves a cysteine, it should not
Average number of surrounding 6 1.7 be surprising that this is considered such a radical
residues ) changa cysteine being the only amino acid cable of
. making disulfide bonds. Two of the category 8 changes
Buriedness ° 033 N PRaNDH YR Y SR NS y2y-02yRER S/SEQand
Equilibrium constant (lonizatior 6 +0.74 Wil t y2y-62yRSR SySEXwhich are relevant to disulfide
of COOH) bonds.
Surrounding hydrophobicity 6 -3.22
) ) TABLE 6TreeSAAP results for SKB. This SNas
So]vent accessible reduction 7 -5.09 an increas@ propensity for the amino acid
ratio , Lzl SNIRY W2N0H 1 &R CRyESy/Add KERNRLBZoIEN
Thermodyr]a.m|c transfer 7 -3.08 WEENES ydYodNJ 2F adbdnyRyd  NERUSD
hydrophobicity WRY L 23KTRY XM SRNRL BKEXIN MRy SEIPKRN YR
R Sy HE g D, G
islay HighlightStasﬁcs Help 62’)\/@ mzzlvyR @@ jsié y }me Chntact
I NS P21 MEX} YR WR2SSONOL A UD

E|%|v||§ go|m| T FPi| =s| 0f2]4 | L,

S . CCCATCACCCAGAT( SNP #9reeSAAP Results
Houdnen620Reiseqt m s - ||| |- Amino Acid Property Category +/- Shift
0182492085 CYPAD6MA | |- | | L e Helical contact area 6 -30
Mgi 82492086 CYP2D6*4D . . .. oo o
Mgi 82492087 CYP2D6"0 .. .. ..o Normalized consensus 6 +2.82
Wgi 82492089 CYP2D6™0B . .| .| . . . oo hydrophobicity

[“gi 82492000 CYP2DE*7 . . . . . . . T ][ Polarity 6 5
Gi 82492101 CYP2D6™7V T | | ] ] .
Figure 5 SNP#4 at nucleotide 320visualized withMEGA Avgrage number of surroundiny 7 +2.16
(Kumar. et al1994). residues
Compaition 7 +2.1
SNP #5 (T886C, C29R) Hydropathy 7 +7
Thefourth mutation is actually the most interestirig this Buriedness 8 +.5
study. At nucleotide 886 a mutation occurs thateatesa Isoelectric point 8 5.71
discrepancy. According to the SwisBrot database most .
Short and medium range nen 8 +0.45

analyses of the CYP2D6 gene have used the[BFP
allele as the reference sequence instead of the RefSeq at
GenBink (Expasy2006). This is importansince there is a _ Total nonbonded energy 8 +0.56
large discrepancy between the two sequeneesording to
TreeSAAP Both of these sequeces are currently
considered functioal; however, at nucleotide 886 a |P= Deplay Hohlaht Stafistics Hep
mutation between thymine and cytosine occuiEgure 6) % ~[* com|cfv ms|o Rl .
resulting in an amino acid mutation of cysteine and [~~~ - -~ 7 AACGCTGTGCATAGTQ
- . . : ¥igi 40806230 RefSeql .|| ..
arginine respectively. The problem is apparent in that

bonded energy

2

4 vuc
“+Phe

. ! o ¥gi 82492085 CYP2D6™4A | . . | . cl | [.[.[.].].[.
according to TreeSAAP, a mutation between arginine and|=gis2492086 cyP2D674D . . . . . . cl. [.1.1.1.1.1.1.
cysteine in this situationis a very radical changeTen Mgi 82492087 CYP2D6*9 . . . . . . Cl || [ |- |||
properties are of a category between 6 and(Bable 6) Mgi 82492089 CYP2D6™10B . |. |. . |. . Cl.l-1-1-1-1-1-]

W gi 82492099 CYP2D6"17 . | . | . .. o]
VMg 82492101 CYP2D6™17V . | . | .. oo

Figure 6 SNP#5 at nucleotide886 visualized with MEGA
(Kumar, et al. 1994).




Two of the non-functionalsequencesn this studycode for
cysteire and four of them code forarginineat the SNP #5
site. We suggest that the arginine is the detrimental SNP.
The two which code for cysteineCYP2D6*17 and
CYP2D6*17\containone other SNP with multiple radical

Levo, A.Koski, A., Ojanpera, I., Vuori. E., Sajaniila

(2003). Posmortem SNP analysis 6fYP2D6 gene
reveals correlation betweegenotype and opioid
drug (tramadol)metabolite ratios in blood.
Forensic Sciendeternational. 135:915.

charges in amino acid properties andCYP2D6*4A, McClellan, D., Palfreyman, E., Smith, M., Moss, J.,

CYP2D6*4Dand CYP2D6*10Rulso contain armther SNP
with radical changes that are likely to render the protein
non-functional, which prevents us from using them in the
comparison of this final SNP. However, CYP2D6*9 contains
no other SNPs capable of destroying the proteins function
other than the arginie at nucleotide 886 according to
TreeSAAPThis would suggest that only this SNP could be
the cause of CYP2D6*9 being HAHomctional and that any
other sequence containing this SNP would also be-non
functional including CYP2D6*1.

Christensen, RSailsbery, J2005)
Phystochemicalevolutionand molecular
adaptation of thecetacean andrtiodactyls
cytochrome bproteins.Mol. Biol.Evol.,
22:437-455.

McClellanD.A. and McCracken, K.G. (2001).

Estimatinghe influence of selection on the
variable amino acids sitesf the

cytochrome b protein functional doains.
Mol. Biol. Evol., 1817-925.

Medentz, I. Wong, W., Berti, L., Shiow, L., Tom, J., Scherer,

4.0 Conclusion

In this study we were able to identify foupotentially
detrimental SNPs in the CYP2D6 gene by analyzing the
amino acid properties of each SNP using TreeSARB. T
technique brings a powerful approach that focuses on the
natural environment of proteins and all@aanalysis dfiow
radical a given mutation jsbased on amino acid
properties.

This new way to analyze SNPs is helpful for two situations
1) identifying SNPs that are likely to cause a problem when
the phenotype is unknown, 2) identifying the SNP that is
causing an undesirable phenotypEssentially it provides a
new way to narrow problems down to specific SNP{d)is

is especially important for pharmacogenomics in order to
create a database of known detrimental SNPs and to
identify persons who should at be prescribed specific
drugsbecause of tkir inability to metabolize them
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