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'IJ 

~'llG'llJ'Uh'f~1'UG'lflG'l Strychnos iltJ~:::'Wif11~1.;rm'Ul'U~-:l1'U~fllG'lfl~:::l'U~mbG'l:::~:::l'UBBfl~-:I~JlJ~-:I, , 

tJ~~b'Vl1"11 'VltJ l~tJ Strychnos bb~G'l~'ll-u~ilG'll~~ll"lqj~il'l'Vlt~B~l-:lf11tJ1'U~tJ bb 'U'UbbG'l~mllJbb~-:I~bb~fl~l-:ltl'U 

~,:rd'il~1tJ-:l1'U~-:I f11~1.;r~'UG'I'Utl'U b~B-:I ~1 fl~'ll1'UG'I~G'l Strychnos il~m~ru:::Vl1-:1'W'lfl~I"11G'1~1~flth tJtl'UbbG'l::::iJ 

~B~B-:lb~tJJtl'U f11~.y;G'I~'l1bBfl~fl~ru~-:lilm1lJ"il1 btl'Ub~mbtJfl~'llG'llJ'U1'W~1'UG'lflG'l Strvchnos 1'lXtlfl~e:J-:ln'U 
~ , , / ~ 

f1~f11G'l flJ1lJ~'U bbVl~-:I~mJ 'UBfl~1fld~1flf11~'Vl'U'VlJ'UJ~~rum~lJ~-:lhJ'W'UflWV1G'1~'l1be:Jfl~fl~ru'lJm~'ll"1'0 'U 'U 

G'l1!'U1'W~1'UG'I~G'l Strychnos l~tJe:J1~tJ~b~'Ube:Jmrie:J'U 

1'Uf11~Pifl~1dv11f11~bn'U~Jmh-:l~'ll1'UG'I~G'l Strychnos ~'W'U1m'UtJ~:::b'Vll"1hltJ"il1'UJ'U 5 'll-U(?l1~bbri 
Strychnos axil/oris Colebr., S. ignotii Berg, S. minor Dennst., S. lucido R.Br., S. nux-vomica 

Linn. bbG'l::: S. nux-blondo A.W.Hill b~e:JVll~1~'U-UJflrue:J1'Vl~b~lJflJ1lJtJ1J~'UbblJ'Vlbfl 'W'U':h~'~'lJ'WJflrue:J 

1'Vl~'lJeJ'l~'UbblJ'Vlbfl'lJe:J-:I~'1J1'UG'I~G'l Strychnos :iJm1lJtJ1J~'l~'U 1,536 -uJfl~le:J1'Vl~bvhn'U1'U'Vlfl~Je:J~1'l~ 
Pifl~1 b~e:Jv11 f11~ b tJ1tJ'U b V1 tJ'U~, ~'U-UJflrue:J1'Vl~'lJe:J-:I ~J e:J ~'-:1 'W'U(9)1 bb V1ti-:l'We:J~lJe:JYJ'lilJ~G'llm ~tl~{ill'U1 btI'U 

bfl~e:J'lVlmtJ~b~'Ube:J~bVllJ1~G'llJb~e:Jf11~Yl~~'l1be:Jfl~fl~ru'lJe:J-:I~'1JG'l1!'U1'W~1'UG'I~G'l Strychnos ~e:J1tJ 



Abstract 

The legend of medicinal herbs derived from Strychnos species are well known to 

both western and eastern parts of the world including Thailand. Each Strychnos species 

consists of bioactive chemicals in the variety of compounds and potency. There were cases 

of unintentional substitution of medicinal herbs from Strychnos species since they possess 

similar morphology and sharing the same vernacular homonym. Therefore, accurate 

identification of medicinal plants in the genus Strychnos is needed to ensure for uses. 

Molecular biology technique by DNA fingerprinting has been proved to be the powerful 

method to discriminate species with high accuracy. DNA characteristic is the heredity of each 

organism and is not affected by any environments such as season, climate and habitat. From 

literature reviews, identification of Strychnos plants by DNA fingerprinting has not been done. 

Five Strychnos species, Strychnos oxilloris Colebr., S. ignotii Berg, S. minor Dennst., S. 

lucido R.Br., S. nux-vomica Linn. and S. nux-blondo AW.Hill, existing in Thailand were 

collected in this study. The sequencing of the full length maturase K (motK) genes have 

been determined. It was found that motK gene possess 1,536 bp in all studied species. 

Polymorhisms among the five species have been found. Appropriate molecular marker can 

be developed for authentication of the Strychnos species. 

Keywords: Strychnos, motK gene, strychnine. DNA fingerprint, Identification 
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n11fim~1'V11.:1.w'Uqn11:U"lJel':I'W"lJl'Uli'lfl61 Strychnos 

GENETIC STUDIES IN THE GENUS STRYCHNOS 

Suchada Sukrong 

mI'l1'1l1b.f1~'1lbdVlbb~~b.f1~'1lYl'lf1~\'l1?l1'1{ I'lru~b.f1~'1l\'l1?l1'1{ ~v:l1G'1~f1'H1hJvI11Vltl1~CJ ClLJ'WYl'1j11Vl bb'1l'Nl~1'VIl-i 

b'lJI'1UVllJl'W m~bVlYl'1 10330, , 

Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, 

Chulalongkorn University, Phyathai Road, Pathumwan, Bangkok, 10330 

Vi'1J1U(;1m't Stn/chnos btJ'UV1'1J~ijn1~m~~lC1e:J~vi''J1~fl~\l1'UVll'IJemJ~n11~ m:W~n1flm\l bbe:J'\t'J , '.J' 'U 

~fl1 bm"1lCl bb~~88(;1b\?l1b~C1 (Bavovada, 2000) ~'Y'l'U1~'U'lJ1~bVlP11V1C1ij~lC1\11'U~\I~'U 11 '1Jtl~ (~111.:1~ 

1) (b~:IJ (;1D&hJ'UVltJ, 2544) Vi"l.l1'U(;1~~ Strychnos ij'IJ~~1&in1~1.zJ:IJ1'U1'U~\l1'U6/jfl1~fl\?l~1'U\?lflbb~~ 

\?l:6'UBe:Jm'J:IJ~\I'IJ~~ bVlP11VI CI 'Y'l'U1.zJbtJ'UCll'VI~e:J1.ubtJ'U(;111~~ bbe:J~fll~e:JCI~Vl~fl~'Y1'U1'UVi"l.l(;1fl~-t1~e:J, 

strychnine (Han, 2008) ~\lij~Vltm~~'U'th~(;11V1?f'J'Ufl~1\1 (analeptic drugs) 1~C1fl1~bb~\I~tl'U 

glycine ~\I btJ'U(;1l1~8'IJ1~(;11V1 (neurotransmitter) 1'U1~'U'U'IJ':i~(;11V1?f'J'Uflm\l1~mu'Y1l~e:J~l\1~\l1 '1J?f'U 

Vl~\I (spinal cord) nl1m 'U'1J'Ul~~bVl:IJ1:::(;1:W"iJ~ij(;1~~'Y1~ru1'Ufl1 ':iUl1\1vhh 1~b~'Ubb~\I m:::~'U~\?l'IJ~~(;11V1 

('I1'UVl1'U 'UruCl~th:::j)m, 2541; 'I1'UVl1'U 'UruCl~'IJ':i~j)P1':i, 2543) bb~~Ul':i\lb'Y1P1'U~~ bb~nl1m'U'1J'Ul~~ 
'I "l " 'I 'I 

r181~di~~~ v1l1~bii~fl1~-Ufl'1Je:J\l1'1J?f'UVl~\I (spinal convulsion), rhabdomyolysis, fl1~VllC1h 

~:lJbVlm bb~:::(1\1tl'Ub~C1"1li\?l1~ (Nayar, 1954; Zhang, 1988) 
, , , 

dl ~ f ~ Q Q.I Ci"q i.I q Q.I ~ q~ i.I 

b'Ue:J\I"iJl fl'Y1'1J bb\?l~:::"l.I'U~:W~ fl~ru:::Vll\1'Y1~fl~m(;1\?l ':iVlflm C1fl~\I fl'U:Wl fl bb~:::'Ul\1"l.1'U~:IJ'1Je:J'Y1e:J\I 

b~C1'Jtl'U1'UYle:J\I~'U~l\11 ([lTW~ 1) v111~bn~fl1~?f'U(;1'U1'Un1~1.u"iJ'U(1\1.ff'Uv1l1~b~tJ"1li\?l (Bavovada, 2000; 

Nayar, 1954; Zhang, 1988) 'IJ':i:::fle:J'Utl'UV1'1J1'U(;1~(;'l Strychnos '!'U ?f'J'U1VlqJbtr'UPifl~11'Ub~e:J\I'1JeJ\I'Y1~fl~ 

bfl~ 8\11~ bfl C1~ n1 ~Pifl~l b'IJ~C1'U bYl C1'U1'U?f'J'U.ue:J:IJ~vt1 \lTI'Ul5fl~~:IJ b~ e:J n1 ~\?l1'J"iJ~(;1"iJtJbb~~ "ill bb'U flVi"l.l1'U(;1fl(;'l
\I "l 'U 'I 

-t1:1J1r1B'U ~\I'!'U n1~P1fl~lTI'U'Bm1:W'1Je:J\lVi"l.l1'U(;1fl~ Strychnos b~'e)~(;1"iJtJbe:Jfl~fl~ru ;;i\l btJ'U~til(;1'Uhb~e:J
, , 'U 

bbClfl(;1:W'U1'Y111'U(;1fl(;'lrrt~t1fl~e:J\lbb~::: bVl:lJ1:::(;1:IJtl'U fl1':i1.u'IJ1:::1C1"l.1tJ b~e:J1~bnl'l'IJ1:::~Vl6~~~~8\1n1':ibb~~b~8 
, , 'U 

, 
~C1u;;i\l"iJ~v11 fl11P1 fl~l.ue:J:W~ vt1\1TI'U5m1:W;\I

'U , 

http:n1~P1fl~lTI'U'Bm1:W'1Je:J\lVi"l.l1
http:flVi"l.l1
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b€J n~f1'\~ru'll'iJ\l'lltJVlVl~mn CJi'U~vl.:Jn~TJ 1Vl CJ ;u~'Vhfimnnl'J b~ CJ.:J ~1'll €J.:J~lvl'UtJlAm€J 1'YlVl1'U?il'U~'Ubb~'Yl, 

bA (matK gene) ;.:JbtJ'U~'U1'UA~€Jhvnn61~ (chloroplast) ij'll'U1Vl'l.h~mru 1.5 il1mtJ61 bb'Yl'm~1€JCJ1'U 
'U 

~'U trnK b~€JtlmrtJVl~V(61bb~~ bb tJmV(61;u~hlb€J'U 1"1l~ maturase 6/i.:JbMm-lJ€J.:Jn'U fl1~61-rl.:JmVl€J~m 'U1fl6/l'U
'U 

(lysine) 6/i.:J~'U matK btJ'U~'U~tJCJ:lJH1'Ufl1~Pin~lVllml:lJi~i'U61'U~~vltJ61~fl (genus) bbfl~~~vl'U'tltJVl 

(specie) 'll€J.:JoW'tl8nVlmCJ'tltJVl 

d !II 

"!1e.J'rje.J..:I (vernacular name) 

Strychnos axillaris Colebr. 

4 c;: .d
5. ignatii Berg 	 'rj'lJ1~e.JbVi~n (m~tJ); St. Ignatius's bean 

S. kerrii A.W.Hill 

.diI d '"' 	 ~ d .d~
5. 	lucida R.Br. ~qjl:lJmVl~n, 'rj'lJ1~~bVi~n (mAmn.:J); CJ1~mVlfln (m~tJ); b?lCJ1-~n 

(mflbVl-UeJ) 

S. minor Dennst. 

S. nitida GDon 

5. nux-blanda A.W.Hill 
V i.I dl V dl I I J .<:::II 

n~eJ1bb"ll, nmH) , nmJe) (bb~m).:J61eJ'U); 'lln1 (.nlf1eJ?ll'U); ~~n1'ij11
'U 	 OJ 

(.nlAn~l.:J); tJ~b1CJ~ (Khmer); ~~~.:J, ~~~.:JI'1'U, ~~~.:JVl~ln 
'U 

5. nux-vomica Linn. 1min~n~.:J (mAnm.:J); m~~, n~n~.:J, (?l~n1bbVl.:J, bbf;1~{jh (.nlAnm.:J); 
'" 	 'U 

bb61~.:J'Yl~, bb61fl.:Jb~eJ ('UfI~';il"IJ~m); bb61.:Jb-UeJ (eJtJml"IJ51-U); 1B.:JU1CJ~, 

(~'U); Snakewood 

5. rupicola Pierre ex Dop. 

S. thorelii Pierre ex Dop 	 b;CJ1.:J, ~:lJ'Un ('tl~~';i); ;UeJ.:Jfl~eJl, 'tl€J.:J';i~eJl (~'U'YltJ~); Wl61~b€J:lJ,
'U '\ 'I 	 'I 

f;1::beJ..:I ((?l~lVl) 

5. vanprukii Craib 
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.. .. 
'WqJ'1:JJilL'VIfln 

S. ignatii 

5. lucida 

.!t 
L'lJfJ1~ 

S. axil/oris 

5. thorelii 

S. kerrii 

5. nitida 

ij1bA~tJ{~'U"lJeJ':l'~"tl1'U?lfl~ Strychnos L~mbtJflA11lJbL\Plfl~1\l"lJeJ\lYl'1l bb~~~'1lij~ Lb~~1'u\ u'U-um ..m1 'Ufl11 
, 'II 

Vl ?I "il"JbeJ fl61fl~rubA~eJ\ltJ1?1lJ'U1'V'I1 b~ml1lJ11ilh~ltJ"tl"Jvl1\lcn 1~mu'V'l1~1'UeJ\Pl?l1V!m1lJtJ1bb~'U1'U11ru~ 
'II' , 

1iYl'1l1'U?I~~ Strychnos bU'UbA~eJ\ltJ1 8'UbU'Ufl11ueJ..:Jn'Ufl111off Strychnos bb~~~'1lij~bb'Vl'U~n'Ul~tJhJ1~ 

~\l1"il~lJ1"il1flA11lJ~'U?I'ULb~~l~tJ~..:J1"il b'li'U fl11'lJ~eJlJ'lJ'U "il1fl61fl~ru~'Vl1\1'V'1~fl~f'11?1(9l{~mr1tJA~..:Jn'U ~\I 

m"ilfimm~mnoffbA~eJ..:JtJ1 vh1~\u'UVl~v!~eJ1lJ1~-r'U'lJ1~ltJ'1l'l1fl11-rfl~1"il1flbA~eJ\ltJ1 b~eJ..:J~1tJ1'Ubb~~~ 
'II 

b~eJ1Vi1~offm.J~'Vl1\1~'U~m1lJ'1lij~~1~'Uij1AmeJ1'Vl~'1J8\l~'U matK '1JeJ..:JYI'1l1'U?I~~ Strychnos 

1'U~'U~'1JeJ..:JlA1..:Jfl11eJ'U-rfl~~'U1)fl11lJYI"tl 8'Ub~eJ\I"il1 fl'V'l1~11'1l~1~ i ~1lJn'U~'U~ ~'U, , 

'lh~If.1'!1'11~rl1Whlil~1~i''U 

1~-um.J~~b~'UbeJ"/Jij~6\'1~'U'W1AmeJ1'Vl~"lJeJ\I?I~'U1'V'I1?1~~ Strychnos b~eJfl11m~-rfl~~'U~m1:U 
'1JeJ\I"1tJ-W'U'5~:m 'U'lJ1~b 'Vlf'11'VltJ bb~~b~m)1 bb'Uflfl11lJ bb\Plf1~l.:J'1JeJ.:J?llJ'U1'V'I':i?lf1~ Strychnos 1'U'lJ':i~b 'Vlf'11'VltJ, , , 

~\I"il~tlf1'l111'lJ-Ww,J'U1~mU'UbA~eJ.:Jv!lJ1tJllJb~f1(;t (molecu la r marekr) ~~1mb~~ bv!lJ1~?llJ~eJ fl11(9l11"il
'II , 
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1. bn'U(9)TeJ~1'l'lJB'l~'7Jl'W?f~G'l Strychnos ~'VfU1~'WLJ'a:::bVl~lVltJ U-;U~'lJ'W?f1:m'amn'Ul?llB~1'l 

'lJB'l~'7Jl'W?f~G'l Strychnos lt91 6 '7Ji'1Vl (~1'a1\1~ 2) 

5. oxilloris Colebr. 

5. ignotii Berg 

5. minor Dennst. 

5. lucido R.Br. 

5. nux-vomica Linn. 

5. nux-blondo A.W.Hill 

2. 	 ~Vl'Vh(9)lB~1'l'l"l)'aruhJbb'l,~'l (Herbarium specimen) 'lJB'l(9)lm.h'l~'7J'I"l~mJ'LhlLJbVltJ'Un'U 

~B'I"l'a'arul~b~B~'al~?fB'U~B1VltJ1~1?f~1 

3. 	 ?fnVlm'W~n~bB'WbB (genomic DNA) "inn~l'W1'U'lJB'll?llB~1'l~'7J~'l~:WVl 1VltJli~Vl?fnVl'lJm 

DNeasy@ Plant Minikit (Qiagen) 111?f1'a?f:::mtJ~bB'WbB~?fnVllt91bn'U~~ru~iJ~ -20 

B'lmb61lG'lb~tJ?f 

4. 	 BBmb'U'U1'I"l1blJB1611~~'U1oUt'Wm)LJ~:mru~ bB'WbeJ~1 n(9)l eJ~1'l~'7J1VltJLJ~n~tJ1~n1"1i'l"lB~ 

blJB1b)?f~~eJ~~mi (PCR) 

1VltJ'Vhm)~'Ufl'Wci'11ii''Ui'11f1mB1Vlvi~ih1tJ'l1'W:w1riB'W~1n GenBank ® b~B111:1J11oUt'Wm'a 

BBmb'U'Ul'1"liblJB1b~Blin'U~'7Jl'W?f~G'l Strychnos e)'WLJ'a:::neJ'Ut911tJ 5. lucido motK gene, 

partial cds [DQ660545]; 5. minor motK gene, partial cds [DQ660546]; S. nux-vomica 

motK gene [Z70193] bbG'l::: Buddlejo olternifolio trnK gene [AF531772] 

~1nm)BBmb'U'U1'I"lib:WBnVltJm~tJ1 tJ)bbm:w DNA Star® Lasergene 8.0 bbG'l:::1tJ'abbm:w 

Primer Select ?f1:W1)f1eJeJmb'U'Ul'1"l)b:WeJ1b~eJlibu'W amplifying primers bbG'l:::/~~eJ sequencing 
. d .d 

pnmers (.f11'W'VI 2 bb!;l~~1':i1{j'VI 2) 
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m~tKllQ8 R 

d 1 ~ ~ "lJB 'W'H:I.lB':i ~1~\J'w'Jfl~lB1'Vl~"lJB.:J1'W1L:lJB1 

trnK (-104) F 5' CTG TIG ATA AGT TIA CCT GCC TCC G 3' 

matK 528 F 5' CTI CGC TAT TGG GTA AM GAT GCC 3' 

matK 965 F 5' TIG ACC TGT GGT TIC ACT CGG G 3' 

matK 508 R 5' GAG GCA TCT Tn ACC CM TAG CG 3' 

matK 1129 R 5' CGC Tn MC CM TGA TCC MC CAG 3' 

trnK 1716 R 5' ATI GCA CAC GGC Tn CCC TAT G 3' 
, 

5. 	 L~lJtJ~lJ1ru~L~hJL'El1t1?iTw~hJ matK "1J'El\lI'1'wchrvh1(?)~tJDn~m~n1~-w'El~LlJ'El~L)?l1(?)~ 

L~1mJ?i1t1tJ):::n'El'U"1JmtJDn~~1~n1"1i-w 'El~ LlJ'El4L)?l~\l~1':i1.:J~ 4 1(?)~ r1TVltl(?)?lfl11:::"1J€)':) 

tJDn~~1~f11"1i-W'El~LlJ'El4b)?l~\lm"a1.:J~ 5 

ddH20 35.3 ~L 

PCR buffer lOX lX 5 ~L 

MgCl2 50 mM 2.5 mM 2.5 ~L 

dNTPs 10 mM 0.2 mM 1.0 ~L 

Forward primer 10 ~M 0.5 ~M 2.5 ~L 

Reverse primer 10 ~M 0.5 ~M 2.5 ~L 

Taq DNA poL 5 U/~L 1 U 0.20 ~L 

Genomic DNA 1 ~L 
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94 30 ~hJ1Vi 

52 30 "iv'll 

Extension 	 72 1 'U1Vi 

Final extension 72 10 tnVi 


Hold 4 00 


6. 	 ~h\"l~1~~~1~iJ'U1\"lruB1Vl~'lJB'l~'U motK 'lJB'l~'lJ1'U?l~G'l Strychnos bbG'l~G'l'lVl~biJtJ'U~ln 

-rrB~G'l'll'WVl~1~'\Jib\"lruB1Vl~'lJB'l~'U motK 'llB'l~'ll1'U?l~G'l Strychnos ~~'\J1'U'lh~bVlPf1v1CJ 

l11w[jl'U-rrmJG'l'Ul'Ul'lll~ GenBank 
... '\J 

7 . 	 btJ~tJ'\JbVitJ'\JbbG'l~1b\"l~1~~~1~'\J'W1\"lmB1Vl~'lJB'lV;'ll1'U?l~G'l Strychnos btJ~tJ'\JbVitJ'\J~l~'\J 

'W1\"lruB 1 Vl~'llB'l~'U motK 'llB'lV;'ll1'U?l~G'l Strychnos 
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n1';i alignment 6\'1~'U\bfl~lal'Vl~'tJeJ\I~'I.J matK ~lf1fl1)vll alignment ~1~'U'wJflmeJ1Y1~'1J'iJ'l~'I.J 

motK 'Wu-.i1i1 polymorphism '1Jm~1~'U'wJflmeJ1Y1~)~Vlll'l~Jmh'l (.fI1'W~ 3) 

•••• 1•••• 1 .... 1•• • • 1 •• • • 1 ••• • 1 •••• 1••• • 1 • •• • 1 •• • • 1 .... 1•••• 1 ••• 1 • • • • 1 •• • • 1 •• • • 1 •••• 1•••• 1 .... 1 • • • • 1 
10 20 30 40 50 60 70 80 90 100 

matK-Luc ATGGAGGAAA TCCAAAGATA TTTACAGCTT GATAGATCTC AACAACACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA TTTGCTCATG 
matK-Bla ATGGAGGAAA TCCAAAGATA TTTACAGCTT GATAGATCTC AACAACACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTAT GCA CTTGCTCATG 
matK-Ign ATGGAGGAAA TCCAAAGATA TTTACAGCTT GATAGATCTC AACAACACGG CTTTCTATAT CCACT TCTCT TTCAAGAGTA TATTTATGCA CTTGCTCATG 
matK-Nux ATGGAGGAAA TCCAAAGATA TTTACAGCTT GATAGATCTC AACAACACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA TTTGCTCATG 
matK-Axi ATGGAGGAAA TCCAAAGATA TTTACAGCTT GATAGATCTC AACAACACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA CTTGCTCATG 
matK-Hin ATGGAGGAAA TCCAAAGATA TTTACAGCTT GATAGATCTC AACAACACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA CTTGCTCATG 

.... 1 • ••• 1 •• ·.1 •• • • 1 .... 1 • ••• 1 .... 1· • • • 1 .... 1•• · . 1 .. . . 1.···1 .. ··1 • •• • 1 .... 1•••• 1 •••• 1 • •• • 1 • ... 1· ••• 1 
110 120 130 140 150 160 170 180 190 200 

matK-Luc ATCATAGTTT MACCGATCT ATTTTGTTGG ACAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGAA TGTATCAACA 
matl(-Bla ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGAA TGTATCAACA 
matK-Ign ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGAA TGTATCAACA 
matK-Nux ATCATAGTTT AAACCGATCT ATTTTGTTGG ACAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGAA TGTATCAACA 
matK-Axi ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGAA TGTATCAACA 
matK-Min ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGAA TGTATCAACA 

.... 1· . ··1 •• • • 1 •••• 1 •••• 1 • • •• 1 .... 1 • ••• 1 •••• 1•• • • 1 •• • 1 •••• 1 .... 1•••• 1 • ••• 1•••• 1 .... 1.· • • 1 .... 1 • •• • 1 
210 220 230 24 0 25 0 260 270 280 290 300 

matK-Luc GAATCATTTT TTTAGTTTTT CTAATGATTC TAAACAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGAAT TTGTATTATC AAATGATATC AGAGGGATTT 
matK-Bla GAATCATTTT TTTAGTTTTT CTAATGATTC TAAACAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGAAT TTGTATTCTC AAATGATATC CGAGGGATTT 
matK-Ign GAATCATTTT TTTAGTTTTT CTAATGATTC TAAGCAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGAAT TTGTATTCTC AMTGATATC AGAGGGATTT 
matK-Nux GAATCATTTT TTTAGTTTTT CTAATGATTC TAAACAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGAAT TTGTATTCTC AAATGATATC AGAGGGATTT 
matK-Axi. GAATCATTTT TTTAGTTTTT CTAATGATTC TAAGCAAAAT CGATTTTTAT TTTTGGGGCA CAGCMGAAT TTGTATTCTC AAATGATATC AGAGGGATTT 
matK-Min GAATCATTTT TTTAGTTTTT CTAATGATTC TAAGCAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGAAT TTGTATTCTC AAATGATATC AGAGGGATTT 

.... 1 •••• 1 .... 1•••• 1 .... 1•••• 1 • • • · 1 •••• 1 .... 1•••• 1 .... 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1••• • 1 • •• • 1 •• • • 1 
310 320 330 340 350 360 370 380 390 400 

matK-Luc TCCTTTATTG TGGAAATTCC GTTTTCTAGA CGATTACTAT CTTCTGAAGA AGGGAAAGGG GTATTCAMT TAAAATCTCA GAATTTACAT TTATGCTCAA 
matH-Bla TCCTTTATTG TGGAAATTCC GTTTTCTAGA CGATTACTAT CTTCTGAAGA AGGGAAAGGG GTATTCAAAT TCAAATCTCA GAATTTACAT TTACGCTCAA 
matK-Ign TCCTTTATTG TGGAAATTCC GTTTTCTATA CGATTACTAT CTTCTGAAGA AGGGAAAGGG GTATTCAAAT TAAAATCTCA GAATTTACAT TTACGCTCAA 
matK-Nux TCCTTTATTG TGGAAATGCC GTTTTCTAGA AGATTACTAT CTTCTGAAGA AGGGAA.AGGG GTATTCAAAT TAAAATCTCA GAATTTACAT TTATGCTCAA 
matK-Axi. TCCTTTATTG TGGAAATTCC GTTTTCTATA CGATTACTAT CTTCTGMGA AGGTAAAGGG GTATTCAAAT TAAAATCTCA GAATTTACAT TTACGCTCAA 
matK-Min TCCTTTATTG TGGAAATTCC GTTTTCTATA CGATTACTAT CTTCTGAAGA AGGGAAAGGG GTATTCAAAT TAAAATCTCA GAATTTACAT TTACGCTCAA 

• ••• 1 • ••• 1 .. . . 1 •••• 1 •• •• 1 • ••• 1 .... 1 • • • • 1 ... . 1 ••• • 1 •••• 1•••• 1 .... 1•• • • 1 •• • • 1 •••• 1 .... 1 • ••• 1 • • • ·1 •••• 1 
410 420 430 440 450 460 470 480 490 500 

mat.K-Luc TTCATTCAAT ATTTCCTTTC TTAGAGGACA ACTTTTCACA TTTAAATTAT GTGTTAGATA TACTAATACC CCACCCCGTA CATCTGGAAA TCCTGGTTCA 
matK-Bla TTCATTCAAT ATTTCCTTTC TTAGAGGACA ACTTTTCACA TTTAAATTAT GTGTTAGATA TACTAATACC CCACCCCGTC CATCTGGAAA TCCTGGTTCA 
matK-Ign TTCATTCAAT ATTTCCTTTC TTAGAGGACA ACTTTTCACA TTTAMTTAT GTGTTAGATA TACTAATACC CCACCCCGTC CATCTGGAAA TCCTGGTTCA 
matK-Nux TTCATTCAAT ATTTCCTTTC TTAGAGGACA ACTTTTCACA TTTTAATTAT GTGTTAGATA TACTAATACC CCACCCCGTA CATCTGGAAA TCCTGGTTCA 
matK-Axi TTCATTCAAT ATTTCCTTTC TTAGAGGACA ACTTTTCACA TTTAAATTAT GTGTTAGATA TACTAATACC CCACCCCGTC CATCTGGAAA TCCTGGTTCA 
matK-Min TTCATTCAAT ATTTCCTTTC TTAGAGGACA ACTTTTCACA TTTAAATTAT GTGTTAGATA TACTAATACC CCACCCCGTC CATCTGGAAA TCCTGGTTCA 

•••• 1••• • 1 •••• 1•••• 1 • • •• 1... .. 1 •••• 1 •• • • 1 • ••• 1••• • 1 •••• 1 • ••• 1 • • •• 1 • ••• 1 ···.1 •••• 1 •••• 1••• ·1 •••• 1 • •• • 1 
510 520 530 540 550 560 570 580 590 600 

matK-Luc AACCCTTCGC TATTGGGTAA AAGATGCCTC TTCTTTGCAT TTATTACGAT TCTTTCTCTA CGAGTATTGT AATTGGAATA ATCTTATTTC TACAAAGAAA 
matK-Bla AACCCTTCGC TATTGGGTM AAGATGCCTC TTCTTTGCAT TTATTACGAT TCTTTTTCTA CGAGTATTGT AATTGGAATA ATCTTATTTC TACAAAGAAA 
matK-Ign AACCCTTCGC TATTGGGTAA AAGATGCCTC CTCTTTGCAT TTATTACGAT TCTTTCTCTA CGAGTATTGT AATTGGAATA ATCTTATTGC TACAAAGAAA 
matK-Nux AACCCTTCGC TATTGGGTAA AAGATGCCTC TTCTTTGCAT TTATTACGAT TCTTTCTCTA CGAGTATTGT AATTGGAATA ATCTTATTTC TACAAAGAAA 
matK-Axi. AACCCTTCGC TATTGGGTAA AAGATGCCTC CTCTTTGCAT TTATTACGAT TCTTTCTCTA CGAGTATTGT AATTGGAATA ATCTTATTGC TACAAAGAAA 
matK-Min AACCCTTCGC TATTGGGTAA AAGATGCCTC CTCTTTGCAT TTATTACGAT TCTTTCTCTA CGAGTATTGT AATTGGAATA ATCTTATTGC TACAAAGAAA 

• • •• 1••• • 1 .... 1•••• 1 .... 1••• • 1 • ••• 1•••• 1 .... 1•••• 1 • •• • 1 •••• 1 •••• 1•••• 1 ... . 1 • ••• 1 •••• 1•••• 1 . ... 1 • • •• 1 
610 620 630 640 650 660 670 680 690 700 

matl(-Luc CCCAGTTTTT CTTTTTTAAC AAAAAGAAAT AAF.AGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG AATACGAATC CATTTTCGTC TTTCTACATA 

rnatK-Bla CCCAGTTTTT CTTTTTTAAC AAAACGAAAT AAAAGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG AATACGAATC CATTTTCGTC TTTCTACATA 
matK-Ign CCCAGTTTTT CTTTTTTACC AJl.AAAGAAAT AAAAGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG AATACGAATC CATTTTCCTC TTTCTACATA 
matK-Nux CCCAGTTTTT CTTTTTTAAC AAAAAGAAAT AAAAGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTC AATACGAATC CATTTTCGTC TTTCTACATA 
matK-Axi CCCAGTATTT CTTTTTTAAC AAAAAAAAAT AAAAGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG AATACGAATC CATTTTCGTC TTTCTACATA 
matI<-Min CCCAGTTTTT CTTTTTTACC AAAAAGAAAT AAAAGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG AATACGAATC CATTTTCCTC TTTCTACATA 

• •• • 1 •••• 1 •••• 1 • • •• 1 . ... 1 • ••• 1 • • • • 1 • ••• 1 •••• 1 • • •• 1 • • •• 1•••• 1 •••• 1•• • • 1 .... 1•••• 1 •••• 1•• • • 1 .... 1 •••• 1 
710 720 730 740 750 760 770 780 790 800 

matl(-Luc ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGCCCT TCTTGAACGA ATCCATTTCT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTAAGGA 

matK-Bla ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGTCCT TCTTGAACGA ATCCATTTCT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTAAGGA 
matK-Ign ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGTCCT TCTTGAACGA ATCTATTTCT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTAAGGA 
matK-Nux ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGCCCT TCTTGAACGA ATCCATTTCT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTAAGGA 
matK-Axi ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGTCCT TCTTGAACGA ATCTATTTCT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTAAGGA 
matK-Min ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGTCCT TCTTGAACGA ATCTATTTCT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTAAGGA 

• • •• 1 •••• 1 •••• 1•••• 1 •• • • 1 • •• • 1 •••• 1 • • •• 1 •••• 1•••• 1 •• • • 1 • ••• 1 .... 1 • •• • 1 .. ·.1 •••• 1 •••• 1•••• 1 •••• 1•••• 1 
810 820 830 840 850 860 8 70 88 0 890 900 

matK-Luc TTATCAGGCC AAACTATGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 
matK-Bla TTATCAGGCC AAACTATGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 
matK-Ign TTATCAAGCC AAACTACGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 

matK-Nux TTATCAGGCC AAACTATGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 

matK-Axi TTATCAGGCC AAACTACGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGAACGGC TCCTTTGATG 
matK-Min TTATCAAGCC AAACTACGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CT GGTTTCAA AAGGGACGGC TCCTTTGATG 
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•••• 1•••• 1 ••• ·1 •• ·.1 •••• 1•••• 1 •••• 1•••• 1 •••• 1·· •• 1 •••• 1•••• 1 •••• 1•••• 1 . · ·. 1··· . 1 •• •• 1•••• 1 • • •• 1 • ••• 1 
910 920 930 940 950 960 970 980 990 1000 

matK-Luc AATAAATGGA AATCTTACCT TGTCAATTTT TGGCAATGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAM GG.AATTATAC AATCATTCCC 
matK-Bla AATAAATGGA AATCTTACCT TGTCAATTTT TGGCAATGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAAA GGAATTATAC AATCATTCCC 
matK-Ign AATAAATGGA AATCTTACCT TGTCMTTTT TGGCAATGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAAA GGAATTATAC AATCATTCCC 
matK-Nux AATAAATGGA AATCTTACCT TGTCAATTTT TGGCAATGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAAA GGAATTATAC AATCATTCCC 
matK-Axi AATAAATGGA AATCTTACCT TGTCAATTTT TGGCAATGTT ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAAA GGAATTATAC AATCATTCCC 
matK-Min AATAAATGGA AATCTTACCT TGTCAATTTT TGGCAATGTC ATTTTGACGT GTGGTTTCAC TCGGGAAGGG TCTATATAAA GGAATTATAC AATCATTCCC 

•••• 1•••• 1 •••• 1••• ·1 •••• 1 • • •• 1 •• •• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 .··.1 • • •• 1 . ••• 1•••• 1 •••• 1 • •. • 1 • • • 1 • •. • 1 
1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 

matK-Luc TTGACTTTAT GGGCTATCTT TCAAGGGTGC GACTAAACCT TTCAATGGTA CGGAGTCAAA TGATAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGAA 
matK-Bla TTGACTTTAT GGGCTATCTT TCAAGGGTGC GACTAAACGC TTCAATGGTA CGGAGTCAAA TGATAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGAA 
matK-Ign TTGACTTTAT GGGCTATCTT TCAAGTGTGC GACTAAACCC TTCAATGGTA GGGAGTCAAA TGATAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGAA 
matK-Nux TTGACTTTAT GGGCTATCTT TCMGGGTGC GACTAAACCC TTCAATGGTA CGGAGTCAAA TGATAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGAA 
matK-Axi TTGACTTTAT GGGCTATGTT TCAAGTGTGC GACTAAACCC TTCAATGGTA CGAAGTCAAA TGATAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGAA 
matK-Min TTGACTTTAT GGGCTATCTT TCAAGTGTGC GACTAAACCC TTCAATGGTA CGGA.GTCAAA TGATAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGAA 

•••• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 •• •• 1 •••• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 • ••• 1•••• 1 •••• 1•••• 1 
1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 

matK-Luc ATTGGATACC CTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TAACCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 
matK-Bla ATTGGATACC CTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TAACCCATTA GGGCATCCGA TTAGTAAGCC GGTTTGGACT 
matK-Ign ATTGGATACC TTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAMTTTTG TAATCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 
matl<-Nux ATTGGATACC CTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TAACCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 
matK-Axi ATTTGATACC CTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TAACCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 
matK-Min ATTGGATACC TTTGTTCAM TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TAATCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 

• • •• 1•••• 1 ••• ·1 •••• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1 • • •• 1 •••• 1•••• 1 •••• 1•• • • 1 • • ··1· • • • 1 ••• . 1 •••• 1 
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 

matK-Luc GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTGCAA AAAAAAGAGT TTGTATCGAA 
matK-Bla GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTCCAA AAAAAAGAGT TTGTATCGAA 
matK-Ign GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTCCAA AMAAAGAGT TTGTATCGAA 
matK-Nux GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGTG GATCTTCCAA AAAAAAGAGT TTGTATCGAA 
matK-Axi. GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTCCAA AAAAAAGAGT TTGTATCGAA 
matK-Min GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTCCAA AAAAAAGAGT TTGTATCGAA 

•••• 1•••• 1 ••• • 1 •••• 1 • ••• 1•••• 1 •••• 1•••• 1 •• • • 1 •••• 1 •••• 1 • • •• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1••• 1 •••• 1 •• • • 1 
1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 

matK-Luc TAAAGTATAT ACTTCGGCTT TCTTGTGCTA AAACTTTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
matK-Bla TAAAGTATAT ACTTCGGCTT TCTTGTGCTA AAACTTTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
matK-Ign TAAAGTATAT ACTTCGGTTT TCTTGTGCTA AAACTTTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
matK-Nux TAAAGTATAT ACTTCGGCTT TCTTGTGCTA AAACTTTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
matK-Axi TAAAGTATAT ACTTCGGCTT TCTTGTGCTA AAACTTTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
rnatK-Min TAAAGTATAT ACTTGGGTTT TCTTGTGCTA AAACTTTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTAAAAAGA TTAGGGTCGG AATTTTTGGA 

•••• 1•••• 1 .... 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 ••• • 1. · •• 1 •••• 1•••• 1 •••• 1•••• 1 •••• 1•••• 1 
1410 H20 1430 1440 1450 1460 1470 1480 1490 1500 

matK-Luc AGAATTCCTC ATGTCGGAAG AAGTAGCCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCGCC GTTTTGGGGG GTGTATAGAA GTCGGATTTG GTATTTGGAT 
matK-Bla AGAATTCCTC ATGTCGGAAG AAGTAGCCCT TTCTTTGMC TTCCCAAGAG TTTCTTCGCC CTTTTGGGGG GTGTATAGAA GTCGGATTTG GTATTTGGAT 
matK-Ign AGAATTCCTC ATGTCGGAAG AAGTAGTCCT TTCTTTGAAG TTCCCAAGAG TTTCTTCTCC CTTTTGGGGG GTGTATAGAA GTCGGATTTG GTATTTGGAT 
matK-Nux AGAATTCCTC ATGTCGGAAG AAGTAGCCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCGCC CTTTTGGGGG GTGTATAGAA GTCGGATTTG GTATTTGGAT 
matK-Axi AGAATTCCTC ATGTCGGAAG AAGTAGCCCT TTCTTTGAAC TTTCCAAGAG TTTCTTCGCC CTTTTGGGAG GTGTATAGAA GTCGGATTTG GTATTTGGAT 
matK-Min AGAATTCCTC ATGTCGGAAG AAGTAGTCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCTCC CTTTTGGGGG GTGTATAGAA GTCGGATTTG GTATTTGGAT 

•••• 1•••• 1 •••• 1 • • •• 1 •••• 1•••• 1 •••• 1. 
1510 1520 1530 

matK-Luc ATTATTTGTA TCACTGATCT GGTGMTCAG CAATGA 
matK-Bla ATTATTTGTA TCACTGATCT GGTGAATCAG CAATGA 
matK-Ign ATTATTTGTA TCACTGATCT GGTGMTCAT CAATGA 
matK-Nux ATTATTTGTA TCACTGATCT GGTGAATCAG CAATGA 
matK-Axi ATTATTTGTA TCACTGATCT GGTGAATCAT CAATGA 
matK-Min ATTATTTGTA TCACTGATCT GGTGAATCAT CAATGA 

m'V4~ 3 Sequence alignment "/jeJ'I~'W matK "lJeJ'I.yh1'W~~r;'i Strychnos. Luc: 5. lucida; BLa: 5. 

nux-blanda; Ign: 5. igna tii; Nux: S. nux-vomica; Axi: 5. axillaris; Min: 5. minor 
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Accession number "l.IeJ-!l6h~'Uu1f1i'ileJl'V1~"l.IeJ-!l~'LJ matK "l.IeJ-!li~hf1'1.J1;t~61 Strychnos ~w'U1'LJ 

\h::L'VIAl'VImL61::61-!l'VI::butl'LJe..hn-umJ6111l'LJ\il'LJ-UmJ6l'LJ1'LJ1"!l1~ GenBank 
'IJ ... 'IJ 

Accession number 

l ' .;{
S. oxilloris Colebr. 'U11fl fl, b'UtJ1~ AB636276 

5. ignotii Berg AB636277 

5. minor Dennst. AB636278 

S. lucido R.Br. AB636279 

S. nux-vomica Linn. AB636280 

'El.'VI'El~j;.Jl.f1iJ '<iI. AB636281S. nux-blondo 
'IJ 

A.W.Hill 

Yl\rJl~1~'lJ'U1F1illeJl'V1~'UeJ~~'LJ motK 'UtJ~~"l.Il'LJ~~~ Strychnos iiF1Jl:WtJ11~~i'LJ 1,536 ihF1~ 
1'Ell'VI~b'Vhn'U1'U'VIfl~1'El ch~~~mn Ldm11fll'H'IJ~m.nVitl'U~h~'Uij1F1ill'El1'VI~'U'El\l~1'El ~1\1 1~tl81~CJ, 

hJ'Hbm:w Bioedit, Seq Scanner bb~::: Multalin 'W'UvllbL~ti~ polymorphism ';i:::Wjl\1~1'El~1~'U'El\l~"l.I 

l'U~~~ Strychnos 'U'Eln'<illndtJ~1~~~'VI:::bUCJ'U-rreJ~~"l.Iij~~1~'Uij1F1illeJ1'V1~'UeJ\I~'U motK 'U8\I~"l.Il'U61~~ 

Strychnos ~Yl'Ul'U'IJ';i:::L'VI~l 'VIti111'U]1'U-rreJ~~'LJ1'Ul"l.11~ GenBank ~fl~1tJ 

\ll'U1~tJ~'<iI:::~lLij'Ufl1';il'U~'U~'Ell 'IJ l~bbri fl1';ibn'U~1eJtll\1'UeJ\I~"l.Il'U~~~ Strychnos 1~b~:w;ff'U 
'<illn~mmb~61\l bL~:::~WJ'Ul'<ill fl-rreJ:W~~1~'Uij1F1~1eJ1'VI~'U'El~ ~'U motK ~1~ 1~b'U'LJbfl~eJ\I~:WltJ1:lJb~ fl~

'IJ , 

http:fl1';ibn'U~1eJtll\1'UeJ\I~"l.Il
http:U]1'U-rreJ~~'LJ1'Ul"l.11
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7.4 	 \!1'Ul~tJ~n1~\!vh ~e:J-rrm?f'Ue:Jf11~l~tJ bbv!~\!'Vl'U bbG'l~?fm'U[l1'V'j1'Uf11~vl11~tJl1, 

1~vl1f11~1~tJG'l~d\!bb~Tth~~1ru~e:JtJG'l~ bvh1V!, 
1. 	 P1f1tJm'V'jfl1~1-rr?f1~?fnv!"iJ1 f1b6llG'l~~'Un1 b'WV!1'Ufl1"j1-rr'\.h~1tJ'1ltJ'Vl1\!tJ1, 

~V!11'VltJ1~tJl~mb~\!'1l1&i, ?ff1e:J, tJ 2554-2556 fl1~1~tJ~~d\!bb~d'\.h~~1ru~e:JtJ, 

G'l~ 	 40 

2. 	 fl1"jTI?f"iJtJbe:Jf1~m~rubfl~e:J\!tJ1" ~1\!~V!" 1V!tJ1-rr~m~ru~'Vl1\!b[l~'1lbd'Vl~d~n'UG'l1tJ
" 

95 
.... 

3. 	 fl1"jAV!me:J\!l'l'1l?f~'U1'V'j"jl'VltJ~:W~'Vl~cJ'U~\!be:J'U161lii topoisomerase 111V!tJfl1~1-rr 

~?f~, f1e:J\!'Vl'U?f'i!'U?f'U'U f11~l~tJ1fl~\!f11~'Vl'Ul~tJ~V!l'urusVil'1 ?fm." , 
?fmu'Ufl1"jPif1~1 (MAG Window II) tJ 2552 f11~1~tJG'l~d\!bb~d'\.h~~1ru~e:JtJ, 

~~ 	95 
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