
• • 

~ QI' QI' ~ 

~1tJ'I1'U1liltJ u'U'U!;l:IJ'U~ru
'II 

V1'Ue:J~'VI'U'Un1~1-c5'tJlil1n'l'UtJ~::lJ1ru~~~'U~'UtJ 2556 
q q q 

lA~'1n1~e:J'U-rm~h~''U:m~~lJ.w'tfe1'U~i1e:J'IlJ1lil1n'W~::~1'tf~1i 
q q 

A u ~ 

alJ~~lil'W~::~V1'W~~'U~1'tfa~1"1 atJ1lJ'U~lJ~1'tfmJ1~ 

. 

"" ~~e:J'I 

n1~t .vtJ~::ltJ'tftllil1n-w'U5n~~lJ.w'tf• 
t'Un1~~~1lil'l::'4Le:Jn~n~ruaue:J'Ia~'Ul'W'lafli'l Strychnos ~tJ'Ut'U\9i1-r'UtJ1 

THE USE OF GENETICS FOR IDENTIFICATION OF STRYCHNOS PLANTS 


IN HERBAL FORMULATIONS 


~ Q.I ~., 0 ~ • 

'le:J'If11a~~1lil1~tJ lJla'tfn'l'VI"N 'le:JtJ\9I1~1lil~e:Jn'VIru'l ~'l.a'tf1~1 aau'VI'le:J'I 
cu cu, ~ 

4 Q,I Q,I ~ Q,I ~ ff ~ QI' 

.n1A1'tf1IJla'tf~1V1LLi'l::lJla'tf'W'ln~f11a\9l~ Aru::Lf1a'tff11a~'l lil'i41i'l'ln'lrulJ'VI11V1tJ1fiW• 



SNOLLVlnV'JHO::i lV8H3H NI 


Sl.NVld SONH:JJ..H.lS::iO NOI1.'v'~I::ill.N301 HO::i S~I1.3N39 ::iO 3sn 3Hl. 




~t-L~Bnr;'Lrt 

rtLn~~LVnLt-~~gfb~LUntB~rtt~rtLt~~~~nL!AUlAnLt-rtt~~~m' ~]lL~IA.~LV1.rt~WN~L~~ }~~LlrJll.~Lf1 

:::ru~ }~t!LlrJRUl.lM.Q.~lf':::m'lA.t'Q.~V1LQ.~~Llf ru~n.BIl.BIl. ~n~n.l~~~nLl:"L.\AJ',LUn.lUt~:::~rtLt~~tn.L~:::~" 
.. " n." nnt!n.,t1-t!J',LUk'l~B~'M.~t-BU J',LUglA~B~,t-BU B~'t-LIARlrJ' ~rtLJ',61t-~J',LULll.m,Q.~tr.V1.:::m'£.LrtUll.LJ',rtJ',n.rtL~~ 

" .." " 1'\
L.L~~ll.LJ',n.~kM.IA.':::J',M.l!~m~~L~Q.LJ',:::J',M.ULl!LmB~m~Q.~rtJ',wQ.n~~uknBJ',LUt-J',~l m6ln.BIl.BIl.~~~:::m~ 

9SSZ mLrt:::J',fbn.t-(!L~:::J',f1 n.~n.rmruLrt:::J',f1mnt,uLl!~~~J',Lun.hV1.~Gn.lA.n.k,tpm~~~J',LUt-J',61l 
" 

u 




• •• 

,ruRU~UB' ,. 

~~~B"t'AB'}LB-}LB~~~Gll.Bm~,~~utl!1.t-B~~']oL~ur;J::~[1t-'@Du L&UBn D~u~nl~M.t nrt~Q.~t-BIl.!llRU~UB1 . .,. ,. 
1\ 

~&~~~LUB~1~~B11 t'A@'}L B-}LB ~~~GQ.B' n~'~r;J Lrtl!1.t-B ~~,nr;' Lnrul~l}~LrtL~~rtE!M;Brt ~@M.t-rtL1.11L~ 

n.M.~lA.tBl~~LGn.~L12n.~~mr;J~[11~LUL0-Bp' LRU~~L'Lr@t~UlA.ntnllL!Amm~ 9£5"' ~ n~t-¥LLr;JrtLL~ 

~ 50UlPN 15 ~U~Q.~t-BIl.~'IA.rt1m~t-@f1.~1A.t B12~LGn.~L~L~n.M. (>I-JOW) ~'IA.rt1m~t-Bf1.~v.t @12~LGn.~L~ 

Llt1.~LUL0-@P' (ll!H"M"V OPuo}q-xnu S) LLIl.LUrt~::~" ("uU!l o:J!wol\-xnu S) &tt-~~11 '("J8"(j oppn) 

S) u~L1.mftLibM. '("+suuaO JOU!W S) t-~"LUrt~ '(~Ja8 mOUa! S) U~L1.1@~LfuM. '("JQalo) 5!JO}]!XO 

50UtpN 6) ~tULLf1.~"~t ~GQ. 9 ntnL~nv.tklv.1::~[1n~tn.M.~ SOUlPN -J5 ~u~ntQ.~t-LrBt~n.~1 

~LULJ.A,?LRU~!'LUnt nB~Lrt@m~'~r;JklL@~~l SOUlPN -J5 ~u~nt!.M. t n.ft~P.M-L'BIl.~RU~UB'~&~~~LUn.M. 

fttL',@rt~wru~~tnlv.n.v.~LUUL& U~[1~LM.'t-~lt1." n}rtu.. ~ ~Lu~b np.' l, t-L~r;J~&Q.rtLl!It-~f1.'mr;J~f1.'~LU~ 

ftt:: ~"Rtn. M.~!.n.U L & L rt~BV.r;JL~t-~~~~~t-~:::~~"t-BIl.::LM.01 ::ruRU~nr;, Bm~'~uL &t-Bp 1 t-p.1!1.£~U~UB~'t-L V. 
• 1\ 

nr;'t-~Bm~'~~rt~r;JL\;!]ot ~LUr;J~1\;!U\;!1rtl Lr;JV.~t~L'LIA.~o.~V.1r;Jt~!llRU~UB'~&~~~LUDt-~ ~Q.r;JP!.[1,e.l 
" " 

~LUn.lIL'B~uiJ~1SOutPN-J5 ~u~n.l~M.t nft~Q.M-uI3"B~mr;' L~rtLt~~t-~!llRU~UB'~&~~!.LU nllw~'t-B~ 

B~~::mmllr;JL~~~}l!I~LklRUbM.N.. V.::ruRu~~ 50utPN-J5 l'!u~ntQ.~uLMBpm~n.~~t~l...UI:-~n.UI1L~~.?t-~ 

n.1IL'L~Ul!I11 ~t-!." rtl...l~::m'n.n." [1tnt~LUt-L~@~~v.br!~fu~L~!.l...~~~o.ll.:::\;!~" SOUtpN-J5 n~l 13 V.tkllA.'::!.f1. 

t-~rtl!.t-E!uB@nl-:::l!I:::\;!" ul!In,t..::l!IU\;!lu~ntt-X'-nLnLrt,e.t!.LU~,t..:::!.[1~ 50UlPN 15 ~u~nt!:.M.t nrt~p.~
. " 

n. 


mailto:t-~rtl!.t-E!uB@nl-:::l!I
mailto:LUt-L~@~~v.br!~fu~L~!.l...~~~o.ll
http:L~rtLt~~t-~!llRU~UB'~&~~!.LU
http:t-BIl.::LM.01
mailto:fttL',@rt~wru~~tnlv.n.v.~LUUL
mailto:U~L1.1@~LfuM
mailto:Llt1.~LUL0-@P
mailto:U~Q.~t-BIl.~'IA.rt1m~t-@f1.~1A
mailto:LRU~~L'Lr@t~UlA.n


fI 

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. 

Six Strychnos species, Strychnos oxilloris Colebr., 5. ignotii Berg, 5. minor Dennst., 5. lucido 

R.Br., S. nux-vomica Linn. and S. nux-blondo A.W.Hill, existing in Thailand were collected in 

this study. The sequencing of the full length maturase K (motK) genes has been determined. 

It was found that motK 'gene possess 1,536 bp in all studied species. Polymorphisms among 

the six species have been found. Appropriate molecular marker, PCR-RFLP, can be 

developed for authentication of the Strychnos species. Moreover, authentication of 

Strychnos plants in artificially herbal mixtures by PCR-RFLP was done. 

Keywords: Strychnos, motK gene, strychnine. DNA fingerprint, PCR-RFLP, Identification 
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UVI'U1 bb~ ::.:J1'U1liltl'VI bn tI'J"tJeN 

Vi'll1tJ"fl~ Strychnos LtJtlVi'll~ijn1~m~;;)1~B~~11~n~\l1tJVllt.JemJ~rn1il mlJ1mn~1\1 

LLBmrn Lm~hJ 1.L~~€l€l"L~·H~~ (Bavovada, 2000) ~YfUl~tlt.J~~LVll'llV1~ij~1~\l1t1.x\l~tJ 11 'll11~ 

(t911<J1\1v1n (L~lJ "mh1t1V1u, 2544) -w'll1tJ"fl~ Strychnos ijt.J<J~1~m~1ilJ1"ntJ.x\l1'Ui/inl~n~d't-l~n 

LL~~\9l~ltJBBm1lJ~\lt.J~~LVll'llV1~ ViUtiLtJ'UmVl~BtiLth-l"11'W1!f LLBflfl1f1BV(;)VI~nv1ViU1 'UYi't!"nfli1f1B , 

strychnine (Han, 2008) ~\lii'lVl~m~~'Ut.J,)~"1V1ci1'Umn\l (analeptic drugs) l~~rn~I.L~\I~nu 

glycine ~\ILtJ'U"1~~€lt.J~~"1V1 (neu rotra n s mitter) 1'U1:;UUt.J1~"1V1ci1'U nm\ll\1ltJLuVi1~€l~1\1 ~\ll'!J~'U 

VI~\I (spinal cord) ()11m tJ'!J'U1\1l~LVllJ1~"lJ;;)~ii"'i~V'lFlf;1.I1tJn1'HJ11\1'1-111;;)1~LIJi'ULL~\I m~~'U~~th~"1V1 

(UtlVllti uruv~t.J~~.n1'l1, 2541; U'UVll'U UUW~t.J1~.n1'l1, 2543) LW~,J1~\lL'WI'lU'i~ LL~()11m'U'!J'U1(;}~, , , , , 

riB1~Lii~'W1!f vhl~Ln~m~in'!JB\ll'!J~'U'j."~\I (spinal convulsion), rhabdomyolysis, n11V11Vh 

iKlJLVlfl1 LLfI~i1\1n'UL~hJ:Ui~1~ (Nayar, 1954; Zhang, 1988) 
~ 4 I _ QI.... t'~ v 4 IV oQ. q,d v-

L tlB\I;;) 1 nVi"ll u.~ (I ~"ll'U \1llJfI n~ru~V11 \I'W '1 n~1'l1"~ 'iViFl (I 1 ~Fl (1\1 n'UlJ1 n LL(I :;'U1\1'll'U~lJ'll€lVi€l" 

L~~1ntJ1tJl1B"~'U~1\1~ ([l1~v11) 'Vhl~Ln(;}n1~~'U"'U1'Urn11i;;)'Ui1,,.ff'U'vhl~L~~:Uit91 (Bavovada, 2000; 

Nayar, 1954; Zha ng, 1988) u1~nB'Un'UYi"ll1'U(I fl(l Strychnos '!'U ci1'U1VlqjLti'UPln1!f11'UL~B"'!JB"V'I'ln~ 
LFlii V\I'WLFlviim~Pin1!f1Lt.J1~ULVi ~'U1'Uci1'U-rr€llJflVl1\1~tJ!m~'ilJLvi Bm~\1l11;;)'W(I;;)ULL~~"il1 LL'U nVi"lll 'U"nfl ", '" , 
i1lJ1nvtl ~,:j'!'Un1~Pim~1-w'Ulim1lJ"IJB\lYl"ll1'U"nfl

.'/ 
LviB~"~'l1

\J 
LBn~m~mJ~\ILtJ'U~'I11(1'Uh L-riB 

, 
5 tn/chnos 
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~.mnTa1~EJ 

1. 	 ~1tJ~1.:JTI'tlhJ"'f1(l Strychnos mm'U.:J1'U1~tI 

~1lJ1'}mfhwi":lVV1.:JYl'!l1~ 6 'llU~~1n~'Uvtt'Utfl'}.m1,}€l'U-rn~LLm:~'U~~'U (~1'.i1~~ 2), 

m';j1~~ 2 ~1€l~1~'ll€l"Yl'!l1'U?ln" Strychnos vi1m'IJm,}1~tI, . 

.d .,. ~ 
'tiv1'V1l11A1~~'a ~vhw .d .. 

~ t:l1 'U'VI tn 'U 

S. oxilloris Colebr. 'll11n1ri, L~m" 
" 

Ln1::u.mJ?l1'} ~.'tlmJ~, 

S. ignotii Berg 
... .. 

~C1J1lJmVmn e:i11~n ~.m::tJ 

S. minor Dennst. 
.
, ~lJn1LLVl"
" " Ln1::LL?llJ?l1'} ~ . '!lmJ~, 

S. lucido R.Br. 
.. .. .. 

~C1J1lJm'VI"n, ~qJ1'lJtJL'VI(ln flru::L.n~'!lf'11?1~1 ~W1i, 

S. nux-vomica Linn. LL?I""h, ~lJn1LL~" 
" 

flru::L.n~'!lf'11?1~1 ~W1 i, 

S. nux-blanda A.W.Hill IJ1lJn1'll11 
" 

€l.vltJ.:Jcn.nij "il.mru~'Uu~" ~, 

2. L~lJtJ~'lJ1ru~LB'ULv1'U~1'U~'U matK 

~1nn1,}vtJmLuul~iLlJvft~tlv1i'i'tlhhLLm'lJ DNA Star® Lasergene 8.0 LL(l::hhLLmlJ 

Primer Select ~1lJ1'}(lvvnu.uul~,}LlJviL~vloffLiJ'U amplifying primers LL(l::/'VI~v sequencing 
. 	 .d .d 

primers (.n1~'V1 2 LL(l::~1'.i1~'V1 3) 

milK aQ.S R mQ(K1U~R tf!lKln~' R 
~ 	 +­

tm~ {-I.GAl F mgtl( li~ ~ flIgt:!(:!~~ r 
~ 

~i~:J'~~ ~~-~. 	 1~~~s::.c~~~~:~(~~2~~~~ 

.n1~~ 21fl'j"?I.;'1'l~'U motK LL(l::~1LL'VIu,,1~iLlJv1 

~1~1-3vl 3 fl1~uU1flmvl'V1~'llv'l1~iLlJv1 
;ttl1~{LlJv{ 

trnK (-104) F 

~1~uij1flmtJl'V1~"lJv~lw{L2Jtl~ 

5' CTG TIG ATA AGT TIA CCT GCC TCC G 3' 

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

motK 965 F 5' DG ACC TGT GGT TIC ACT CGG G 3' 

matK 508 R 

matK 1129 R 

trnK 1716 R 
- - -

5' GAG GCA TCT TIT ACC CAA TAG CG 3' 

5' CGC Tn MC CAA TGA TCC MC CAG 3' 

5' AD GCA CAC GGC TTT CCC TAT G 3' 
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L~l:.lt.l1lJ1 ru~ L~hJLtJ1'U~rJ'lJ~'U matK "1JtJ-:)(9]ltJcil,rY;'1l1\?iClt.l~n1tl1'j Ill'1i'V'leJ~LlJ'e)'km l\?im\?\~mJ 

~l'UtJ'l~lleJ'U"1JtJ-:)tl ~n1 tl1'J Ill'li'V'leJ~h1JeJ{L'H'Ic;)-:)(;lI'.il~~ 4 l\?iCl r1l'VI'UVl G'lJlll ~"1JeJ~t.l5n1 Cll'j III'li'V'leJ~ 
< OJ d 

LlJmL''m\?i-:)\Pll'.il.:J'VI 5 

m'.il~~ 4 ~1'Utl'j~ntJu"1JeJ~t.l5n1CJ1'Jnlozi'V'ltJ~llJtJ{L 'm 

ddH20 35.3 J.!L 

peR buffer lOX lX 5 J.lL 

MsCl2 50 mM 2.5 mM 2.5 J.lL 

dNTPs 10 mM 0.2 mM 1.0 j.lL 

Forward primer 10 ~lM 0.5 ~lM 2.5 j.lL 

Reverse primer 10 j.lM 0.5 J.lM I 2.5 j.lL 

Taq DNA pol 5 U/J.lL 1 U 0.20 j.lL 

Genomic DNA 1 j.lL 

\?\1',j1~~ 5 G'lJlll~"1JeJ-:)t.l~n1CJ1'Jlll'li'V'ltJ~L1JtJ{L'j" 

Predenaturation I 94 3 'U1Vi 

Denaturation 

Annealin~ 

Extension 

Final extension 

Hold 

94 

52 

72 

72 

4 

301'U1Vi 

451'U1Vi 

I 
I 

'i?JJ 
., ... 

n-JflU 

1 'U1Vi I 30 'ifJU 

10 'U1Vi 

00 

http:1JeJ~t.l5
http:H'Ic;)-:)(;lI'.il
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3. ,j'mJ"'tlDVt~1~\JD1f1ruel1V1~'Uel.:J£jtJ motK 'Uel.:Jl'i'1mh.:JY;'tlltJan~ StMchnos ~ , 'f 

L~8vhm<j1Lf1~1::~~1~uii1f1m81V1~V'lU11VtJ motK 'U8~'VI,nl'i"J8(h.:Jijfl11l.1tJ11i.:J~'U 
1,536 flLumvhntJ LnmmvuLVivuci'1~uii1f1ruel1'V1Vt'1VttJn1~vi1 alignment 'Uel.:J£jtJ~~mh)V'l'U':hij

\J 

poLymorphism 'Uel~ci'1~'Uii1f1mel1'V1~h::",,11.:Jl'i'18~1.:J (.n1V'l~ 3) ~.:JL""l.I1::al.lvilil::~~'U1LtJ'U 
d oCIf d ~ 

Lfl<j8~""l.I1tJ~L8'UL8'tl'U~ PCR-RFLP 

4. ~.:J'VI::LUtJ'UcJ1n,j'8l.1~'tlii~~1~'Uii1flmel1'V11'i'U8.:JVtJ motK ·l18.:JY;'tll'Uan~ Stn/chnos viV'lul'Uth::L'VIPl ~ , 'f 

1'V1 tJ111'U~1tJ,j'8l.1~t!1t!1'tl1&i GenBa nk 
... " 
a1l.11~()~.:J'VI::LUm,m~::1~-ru Accession number «(;l1<j1.:1vl 6) 'U8.:J~1~'UU"Jflmel1'V11'i'U8.:J 

Vt! motK 'U8.:JY;'tllt!afl~ Strychnos viV'lul'U'l.h::L'VIPl1'V1tJlil1n~1'U,j'824~'U1'U1'111~ GenBank 

~1'a1.:1-vi 6 Accession number 'U8.:J~1~UU1f1mtl1'V1I'i'Um£j'U motK 'Uel.:Jl'i'1mh.:J'Uel.:JY;'1Ilt!an~, 

Strychnos vh'1ii.'Um~1-.ijv 

d Co ~ 
'lI81'V1tJ1fi'l1r;l(;l'a ~v1'V1fJ LL'Vlri,nnu I Accession number 

5. axil/oris (olebr. 'U11n1n, L~tJ1.:J 
~ 

Ln1::LLal.la1~ lil.'tl~U~, AB636276 

5. ignotii Berg 
.. .:: 

V'l'Y1l.18m~n 
I 4 .d 
tl11~n lil.m::U AB636277 

5. minor Dennst. \JllJn1LL~.:J 
" 

Ln1::LLal.la1~ lil.'tl~U~, AB636278 

5. lucida R.Br. 
.:: .. 

V'l'Y124m".,~n , Yl'Y1l.1tl 

~ 

L".,~n 

f1ru::L.f\~'tlPl1a\Jl1lilVl1" ·1, AB636279 

5. nux-vomica Linn. , LLa~.:Jh, \Jll.lmLL~.:J 
" 

flru::L.n~'tlP11a\Jl1lilVl1", AB636280 

5. nux-blanda 

AW.HiLl 

I \JllJn1'U11 
" 

tl. 'VItl.:Jc.J1.f\iJ lil . 
~ 

n1rulil'UU~ u , 

AB636281 
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.••• 1•••• 1 •••• 1 .••• 1 •••• 1 • ••• 1 •• • • 1 ••• • 1 .... 1 • • •. 1 •••• 1•••• 1 •••• 1•••• 1 • ••• 1•••• 1 .... 1.... 1 .... 1.... 1 
10 20 30 4.0 ~O 60 10 80 90 100 

matlt-Luc ATGGAGGAAA TCCAAAGATA rTTACAGCTT GATAGA'l'CTC AACAACACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA TTTGCTCATG 

IftatX-Sl ... 1I.TGGAGGAAA TCCAA1\GATA TTTACAGeTT GA.TA.GATCTC AACAACACGG CTTTCTA.TAT CCACTTCTCT TTCAAGAGTA TATTTATGCA CTTGCTCATG 

matlt-Iqn ATGGAG<iMA TCCAAAGATA TTTACAGCTT GATAGATCTC MCAACACGG CTTT'CTA.TAT CCACTTCTCT TTCAAGAGTA TATTTATGCA C'l'TGC'TCATG 
matX-Nux ATGGAGGAAA TCCAAAGATA TTTACAGCTT GATAGATCTC AACMCACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA TTTGCTCATG 
ma~-AXi ATGGAGGAAA TCCAMGATA TTTACAGCTT GATAGATCTC AACAACACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA CTTGCTCATG 
m.a.tx-Hin ATGGAGGAA.A TCCAAAGATA TT'TACAGCTT GATAGATCTC MCMCACGG CTTTCTATAT CCACTTCTCT TTCAAGAGTA TATTTATGCA CTTGC'tCATG 

.... 1.. .. 1 .. .. 1.. .. 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 
110 120 130 140 150 160 110 180 190 200 

matJ{-Luo ATCAl'AGTl'T AAACCGATCT ATTTTGTTGC ACAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGAA TGTATCAACA 
matK-Bl. ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGG TTATGATAl\T AAATCCAGTT TTCTAATTGT GM\ACGTTTA ATTACTCGAA TGTATCAN:..A 
IItoatJt-Ign ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAl\ACGTTTA ATTACTCGAA TGTATCAACA 
.".,tJ{-Nux ATCATAGTTT AAACCGATCT ATTTTGTTGG ACAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA ATTACTCGM. TGTATCAACA 
IMtK-Axi ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGG TTATGATAAT AAATCCAGTT TTCTAATTGT GAA.ACGTTTA ATTACTCGAA TGTATCAACA 
matK-Min ATCATAGTTT AAACCGATCT ATTTTGTTGG AAAATCCAGC TTATGATAAT AAATCCAGTT TTCTAATTGT GAAACGTTTA A'l'TACTCGAA TGTATCAACA 

.... 1. ... 1 .... 1.... 1 .... 1.... 1 .... 1 .... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 
210 220 230 240 250 260 270 280 290 300 

mat:K-Luc GAATCATTTT TTTAGTTTTT CTMTGATTC TAAACAAMT CGATTTTTAT TTTTGGGGCA CAGCAAGAl\T TTGTATTATC AAATGATATC AGAGGGATTT 
matK-Bl ... GAATCATTTT TTTAGTTTTT CTAATGATTC TAAACAAAAT CGATTT!TAT TTTTGGGGCA CAGCMGMT TTGTATTCTC AAATGATATC CGAGGGATTT 
matJt-IIjJT\ GAATCATTTT TTTAGTTTTT CTAATGATTC TAAGCAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGAAT TTGTATTCTC AAATGATATC AGAGGGATTT 
matK-Nux GAATCATTTT TTTAGTTTTT CTAATGATTC TAAACAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGMT TTGTATTCTC AAATGATATC AGAGGGATTT 
matlC-Axi GAATCATTTT TTTAGTTTTT CTAATGATTC TMGCMAAT CGATTTTTAT TTTTGGGGCA CAGCAAGAA1' TTGTATTCTC AAATGATATC AGAGGGATT'T 
...U::-Kin GAATCATTT'f TTTAGTTTTT CtAATGATTC TAAGCAAAAT CGATTTTTAT TTTTGGGGCA CAGCAAGMT TTGTATTCTC AAATGATATC l\GAGGGATTT 

.... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .. .. 1.. .. 1 .... 1 .. .. 1 .. .. 1.... 1 
310 320 330 340 350 360 310 380 390 400 

matK-Luc TCCTTTATTG TGGAA1\TTCC GTTTTCTAGA CGATTACTAT CTTCTGAAGA AGGGoVtAGGG GTATTCAAAT TAA1\ATCTCA GAATTTACAT TTATGCTCAA 
matK-Bl,a TCCTTTATTG TGGAAAT'l'CC GTTTTCTAGA CGATTACTAT CTTCTGAAGA AGGGAAAGGG GTATTCAAAT TCAAATCTCA GAATTTACAT TTACGC'I'CAA 
INltK-Ign TCCTTTATTG TGGAAATTCC GTTTTCTATA CGATTACTAT c,"rcTGAACA AGGGAAAGGG GTATTCAAAT TAAAATCTCA GAATTTACAT TTACGCTCAA 
..tlt-Nux TCCTTTATTG TGGAAATGCC GTTTTCTAGA AGATTACTAT CTTCTCiAAGA AGGGAAAGGG GTATTCAAAT TAAAATCTCA GAATTTACAT TTATGCTCAA 
matK-Axi TCCTTTATTG TGGMATTCC GTTTTCTATA CGATTACTAT CTTCTGMGA AGGTAAAGGG GTATTCAAAT TAAAATCTCA GAA'l'TTACAT TTACGCTCAA 
m.atx-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 
4.10 4.20 430 440 4.50 4.60 410 480 490 500 

m.atJt-Luc TTCATTCAAT ATTTCCTTTC TTAGAGGACA AC1'TTTCACA TTTl\MTTAT GTGTTAGATA TACTAATACC CCACCCCGTA CATCTGGAAA TCCTGGTTCA 
matK-Bla TTCATTCAAT AT't"TCCTTTC TTAGAGGACA ACTTTTCACA M'TAAATTAT GTGTTAGATA TACTAATACC CCACCCCGTC CATCTGGAAA TCCTGGTTCA 
m.atlt-Iqn TTCATTCAAT ATTTCCTTTC TTAGAGGACA ACTTTTCACA TTTAAATTAT GTGTTAGATA TACTAATACC CCACCCCGTC CATCTGGAAA TCCTGGTTCA 
mat:l{-Nux TTCATTCAAT ATTTCC'I'TTC TTAGAGGACA AC'I'TTTCACA TTTTAATTAT GTGTTAGATA TACTMTACC CCACCCCGTA CATCTGGAAA TCCTGGTTCA 
lbatlt-Axi TTCATTCAAT ATTTCCTTTe TTAGAGGACA ACTTTTCACA TTT1\AATTAT GTGTTAGATA TACTAATACC CCACCCCGTC CATCTGGAAA TCCTGGTTCA 
roatx-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 
510 520 530 540 550 560 510 580 590 600 

..... tK-Luc AACCCTTCGC TATTGGGTAA AAGATGCCTC TTCTTTGCAT TTATTACGAT TCTTTCTCTA CGAGTA.TTGT AATTGGAATA ATCTTATTTC TACAAAGMA 
matK-Bla AACCCTTCGC TATTGGGTAA AAGATGCCTC TTcTTTGCAT TTATTACGAT TCTTTTTCTA CGAGTATTGT AATTGGJ\ATA ATCTTATTTC TACAAAGAAA 
..tl(-Iqn AACCCTTCGC TA'tTGGGTAA AAGATGCCTC CTCTTTGCAT 'M'ATTACGAT TCTTTCTCTA CGAGTATTGT AATTGGAATA ATCTTATTGC TACAAAGAAA 
matK-Nux AACCCTTCGC TATTGGGTAA AAGATGCCTC TTCTTTGCAT TTATTACGAT TCTTTCTCTA. CGAGTATTGT AATTGGAATA ATCTTATTTC TAC'AAAGAAA 
matit-Axi AACCCTTCGC TATTGGGTAA. AAGATGCCTC CTCTTTGCAT TTATTACCiAT TCTTTCTCTA CGAGTATTGT AAT'I'GGMTA ATCTTATTGC TACAAAG1J..AA 
tn.a.tX-Min AACCCTTCGC TATTGGGTAA AAGATGCCTC CTCTTTGCAT TTATTACGAT TCTTTCTCTA CGAGTATTG! AATTGGAATA ATC:rtATTGC TACAAAGAAA 

.... 1 .... 1 .... 1 . ... 1 .... 1 . ... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 
610 620 630 640 650 660 610 680 690 100 

maut-Luc CCCAGTTTTT CTTTTTTAAC AAJ\AAGAAAT AAAAGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG MTACGAATC CATTTTCGTC TTTCTACATA 
matJt-BIA CCCAGTTTTT CTTTTTTAAC AAAACGAAAT AAAAGATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG MTACGAATC CATTTTCGTC TTTCTACATA 
aaatlt-Ign CCC~GTTTTT CTTTTTTACC AAAAAGAAAT AAAAGATTAT TCTTCTTCTT ATATMTTCT TATGTATG1'G AATACGAATC CATTTTCCTC TTTCTACATA 
matK-Nwc; CCCAGTTTTT CTTTTTTAAC MAAAGAAAT AAl\AGATTAT TCT'tCTTCTT ATATAATTCT TATGTATGTC MTACGAATC CATTTTCGTC TTTCTACATA 
m.atK-Axi CCCAGTATTT CTTTTTTAAC AAAAAAAAAT AAA1\GATTAT TCTTCTTCTT ATATAATTCT TATGTATGTG AATACGAATC CATTTTCG7C TTTCTACATA 
aatlt-Hin CCCAGTTTTT CTTTTTTACC AAAAAGAAAT AAl\AGATTAT TCTT'CTTCTT ATATAA.TTCT TATGTATGTG AATACGAATC CATTTTCCTC TTTCTACATA 

.... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1... . 1 .... 1.... 1 
710 720 730 140 150 760 '710 780 190 800 

matlt-LuQ ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGCCCT TCTtGAACGA ATCCATTTCT ATGGAAMAT AGAACGTCTT GTAGAAGTCT T1'GCTAAGGA 
aaatlt-Bla ACCAA'fCTTC TCATTTACGA TCAACATCCT TTGAGGl'CCT TCTTGAACGA ATCCATTTCT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTAAGGA 
matR-IQn ACCAATCT'TC TCATTTACGA TCAACATCCT TTGAGGTCCT TCTTGAACGA ATCTATTTCT ATGGAAAAA.T AGAACGTCTT GTAGAAGTCT TTGCTMGGA. 
matlt-Nux ACCAATCTTC TCATTTACGA TCAACATCCT TTGAGGCCCT TCTTGAACGA ATCCATTTCT ATGGAAAAAT AGAACGTCTT G1'AGAAGTCT TTGCTAA.GGA 
m.atK-Ax.i ACCAATCTTC TCATT'T'ACGA TCAACATCCT TTGAGGTCCT TCTTGAACGA ATCTATTTCT ATGGAAAMT AGAACGtCTT GTAGAAGTCT TTGCTAAGGA 
-.atJit-Kin ACCAATCTTC TCATTTACGA. TCAAC1\TCCT TTGAGGTCCT TCTTGAACGA ATCTATTTcT ATGGAAAAAT AGAACGTCTT GTAGAAGTCT TTGCTA1\GGA 

.... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 .. .. 1.. .. 1 .... 1.... 1 .... 1.... 1 .... 1.... 1 
810 820 830 840 850 860 810 880 890 900 

matR-Luc TTATCAGGCC AAACTATGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGT'l'TCAA AAGGGACGGC TCCTTTGATG 
matJit-sl. TTA1'CAGGCC AAACTATGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAl\GG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 
matJ(-Ign TTATCAAGCC AAACTACGGT TGTTCAAAGA TCC'tTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 
IUtJit-Nux TTATCAGGCC AAACTATGGT TGTTCAAAGA TCCTTTCATA CATTATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 
mat.K-Axi TTATCAGGCC AAACTACGGT TGTTCAAAGA. TCCTTTCATA CATTATGTTA GGTATCAAGG AAMTTCATT CTGGTTTCAA AAGGAACGGC TCCTTTGATG 
matJt-Hin TTATCAAGCC AAACTACGGT TGTTCAAAGA TCCTTTCATA CAT'l'ATGTTA GGTATCAAGG AAAATTCATT CTGGTTTCAA AAGGGACGGC TCCTTTGATG 

d "" "" 1fl1'W'VI 3 Sequence ali~nment "lltl~tI'U matK 'Utl~y/"ll 'U"~~ Strychnos. Luc: 5. lucida; Bla: 5. 

nux-blondo; Ign: 5. ignotii; Nux: S. nux-vomica; Axi: 5. oxilloris; Min: 5. minor 
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..t.JC-Luo 
ru.t:J(-Bl.a 

IDatlt-I9J\ 
matlt.-Nux 
m.atJt-A.x.i 
IaatJt-Min 

lU.t:J(-Luc 
ca.a,tJ(-Bla 
matJt-Isrn 
matK-Nwr. 
mat:JIt:-Axi 
matJt-Kin 

matJt-Luo 
m.atJ(-Bla 
matX-Iqn 
matJt-N'UJI; 
matJ(-Axi 
maU-Min 

matJt-LUCI 
mat,Jf;-81a 
matJt-Iqn 
matlt-NwI: 
mat:Jit-Alli 
m.atJ(-Kin 

maU;-Luo 
mat..K-Bla 
m.atx-Ign. 
matJ\:-KWIi 
matJt-Axi 

.... uc-Hin 

zutJC-Lue 
JU,u:.-81a 
ma,tlt-Iqn 
maUC-Nux 
JDatJI:-Axi 
matlt-Hin 

....atJt-LUQ 
m.aut-Bl. 
IMtlt-Ign 

...tIt""""" 

.aut-Axi 
1IIoatJ(-Hin 

...• 1. .. • \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ 
910 920 930 940 950 960 910 980 990 1000 

AATMATGGA. AATCTTACCT TG1'CMTTTT TGGCAJ\.TGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAAA. GGAATTATAC AATCATTCCC 
AATAAATGGA AATCTTACCT TGTCAA'M'TT TGGCMTGTC ATTM'GACCT G'TGGTTTCAC TCGGGAAGGG TCTATATAAA GGAATTATAC MTCA'M'CCC 
AATAAATGGA MTCTTACCT TGTCAATTT'l' TGGCAATGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATA.M. GGAATTATAC AATCATTCCC 
AATAAATGGA AATCTTACCT TGTCAATTTT TGGCAATGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAAA GQ.ATTATA.C AATCATTCCC 
AATAAATGGA. AATCTTACCT TGTCMTTTT TGGCAATGTT ATTTTGACCT GTGGTTTCA.C TCGGGAAGGG TCTA.TATAAA GGAATTATAC AATCATTCCC 
AATA1\ATGCA MTCTTACCT TGTCAATTTT TGGCAATGTC ATTTTGACCT GTGGTTTCAC TCGGGAAGGG TCTATATAM GGAATTATAC MTCATTCCC 

.... \ .... \ .... \ .... \ .... \ .... \ .. .. \ .. .. \ .... \ .... \ .... \ .... \ .... \ .. .. \ .. .. \ .... \ .... \ .... \ .... \ .. .. \ 
1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 

TTGACTTTAT GGGCTATCTT TCAAGGGTGC GACTAAACCT TTCMTGG'TA ,CGGAG'I'CAM TGATAGAAAA TTCATT1'CTA ATCAATAATG CTATTAAGAA 
TTGACTTTAT GGGCTATCTT TCAAGGGTGC GACTAAACCC TTCAATGGTA CGGAGTCAM TGATAGAAAA ttCATTTCTA ATCAATAATG CTATTAAGAA 
TTGACTTTAT GGGCTATCT'l' TCAAGTGTGC CACTAMCCC TTCMTGGTA CGGAG'l'CAM TGATAGAAAA TTCATT'fCTA ATCAATAATG CTATTAAGAA 
TTGACTTTAT GGGCTATCT1' TCAAGGGTGC ·GACTAAJ\CCC TTCAATGGTA CGGAGTCAM TGA.TAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGM 
TTGACTTTAT GGGCTAtcTT TCAAGTGTGC GACTA1\ACCC TTCAATGGTA cGAAGTCAAA TGATAGAAAA TTCATTTCTA ATCAATAATG CTATTAAGAA 
TTGACTTTAT GGGCTATCTT TCAAGTGTGC GACTA}l.ACCC TTCMTGGTA CGGAGTCAAA TGATAGAAAA TTCATTTCTA A'l"CAATAATG CTATTMGAA 

.... \ .... \ .... \ .... \ .. .. \ .. .. \ .... \ .... \ .... 1.. .. \ .... \ .. .. 1 .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ 
1110 1120 1130 1140 1150 1160 1110 1180 1190 1200 

ATTGGATJl.CC C'l'TGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAMTTTTG TAACCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 
ATTGGATACC CTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAC CGAMTTTTG TAACCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 
ATTGGATN:;C TTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TAATCCATTA GGGCATCCCA TTAGTMGCC GGTTTGGACT 
ATTGGATACC CTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAMTTTTG TAACCCATTA GGGCATCCCA TTAG'TAAGCC GGTTTGGACT 
ATTTGATACC CTTGTTCAA1\ TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TMCCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 
ATTGGATACC TTTGTTCAAA TTATTCCTCT GGTTGGATCA TTGGTTAAAG CGAAATTTTG TAATCCATTA GGGCATCCCA TTAGTAAGCC GGTTTGGACT 

.. .. \ .. .. \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .. .. \ .. .. \ .... \ .... \ .... \ .... \ .... \ .... \ 
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 

GATTTATCAG ATTCGGATAT TAT'TGACCGA TTtGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTCCAA MAAAAGAGT TTGTATCGAA 
GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTCCAA AAAAMGAGT TTGTATCGAA 
GATTTATCAG ATTCGGATAT TATTQ£C(iA TTTGGGCGTA TATGCACi.MA TCTTTCTCAT TATCATAGCG GATCTTCCAA AAAAAAGAGT TTGTATCGAA 
GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGl\AA TCTTTCTCAT TATCATAGTG GATCTTCCAA MAAAAGAGT TTGTATCGAA 
GATTTATCAG ATTCGGATAT TATTGACCGA TTTGGGCGTA TATGCAGAAA TCTTTCTCAT TATCATAGCG GATCTTCCAA AAAAAAGAGT TTGTATCGAA 
GATTTATCAG ATTCGGATAT TATTGACCGA T'M'GGGCGTA TATGCAGAAA TC'I'TTCTCAT TATCATAGCG GATCTTCCAA AAAAMGAGT TTGTATCGAA 

.... \ .... \ .... \ .... \ .. .. \ .... \ .... \ .. .. \ .... \ .... 1 .... \ .... \ .... \ .. .. \ .... \ .. .. \ .... \ .... \ .... \ .... \ 
1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 

TAAA.GTATAT ACTTCGGCTT TCTTGTGCTA AMCTTTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
TAAAGTATAT ACTTCGGCTT TCT'TGTGCTA AAACTTTAGC TCGGAAACAC AAAAGTACTG TACGrGCTTT TTTGJ\AAAGA TTAGGGTCGG AATTTTTGGA 
TAMGTATAT ACTTCGGTTT TCTTGTGCTA .AAACTTTAGC TCGGAAACAC AMAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
TAAAGTATAT ACTTCGGCTT TCTTGTGCTA AAACI'TTAGC TCGGAAACAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
TAAAGTATAT ACTTCGGCTT TCTTGTGCTA AMCTTTAGC TCGGAMCAC AAAAGTACTG TACGTGCTTT TTTGAAAAGA TTAGGGTCGG AATTTTTGGA 
TAAAGTATAT A.CTTCGGTTT TCTTGTGCTA AAACTTTAGC TCGGAAACAC MAAGTACTG TACGTGCTTT TTTAAAAAGA TTAGGGTCGG AATTTTTGGA 

.... \ .... \ .... 1 .... \ .... \ .... \ .... \ .. .. \ .... \ .... \ .... \ .. .. \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ .... \ 
1410 1420 1430 1440 1450 1460 1470 1480 1490 1500 

AGAATTCCTC ATGTCGGAAG AAGTAGCCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCGCC CTTTTGGGGG GTGTATAGAA. GTCGGATTTG GTATTTGGAT 

AGAATTCCTC ATGTCGGAAG MGTAGCCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCGCC CTTTTGGGGG GTGTATAGAA GTCGGATTTG GTATTTGGAT 

AGAATTCCTC ATGTCGGAAG AAGTAGTCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCTCC CTTTTGGGGG GTGTATAGM GTCGGATTTC GTATTTGGAT 

AGAATTCCTC ATGTCGGAAC AAGTAGCCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCGCC CTTTTGGGGG GTGTATAGAA GTCGGATTTG GTATTTGGAT 

AGAATTCCTC ATG7CGGAAG AAGTAGCCCT TTCTTTGAAC TTTCCAAGAG TTTCTTCGCC CTTTTGGGAG GTGTATAGM GTCGGATTTG GTATTTGGAT 

AGAATTCCTC ATGTCGGAAG AAGTAGTCCT TTCTTTGAAC TTCCCAAGAG TTTCTTCTCC CTTTTGGGGG GTGTATAGM GTCGCATTTG GTATTTGGJ\T 


.... 1.... \ .. .. \ .... \ .... \ .. .. \ .... \. 

1510 1520 1530 


ATTATTTGTA TCACTGATCT GGTGAATCAG CAATGA 
ATTATTTGTA TCACTGATCT GGTGAATCA.G CMTGA 
ATTATTTGTA TCACTGATCT GGTGAATCAT CAATGA 
ATTATTTGTA TCACTGATCT GGTGMTCAG CMTGA 
ATTATTTGTA TCACTGATCT GGTGAATCAT CAATGA 
ATTATTTGTA TCACTGATCT GGTGAATCAT CMTGA 

d • odI.dI 1
.fI1Vl'VI 3 (~lV) Sequence alignment "ileNtI'U matK 'lIeJ'I'Y'j"!l 'U'"'fla Strychnos. Luc: S. lucida; Bla: 

S. nux-blanda; Ign: S. ignatii; t\lux: S. nux-vomica; Axi: S. axillaris; Min: S. minor 

http:TATGCACi.MA
http:ATTGGATJl.CC
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lUn11LLtlfl"'l.pJ1vfJ1'U"'fl~ Strychnos 6 '!liJ~eJBfl:VlflnlJ,rlJhi"'llJl1I:Pil~l-nLBlJ1'lliiL'Vltl~'!liJ~ 
L~m1'Ufl1)~~~'U~iLB'ULeJ Y'l'lrh~B~1-nLtJ'Ul'llii 3 '!liJ~ l~Ll.ri Xbal, Hoell I LL~~ Oral (J)1'W~ 5-7) l~tl:v~ 

L~lJ:Vlfln11LYhJtJ~lJlru~hB'ULeJlm~ PCR product A LL~~ product B ~~i1'tJ'Ul~~1~nlJ1m~riBlJ LLe;1,)~~ 

tilhJ~~~1meJlJ1'llii~~~lLY'l1~~~fl"11 

Product A '!JlJ1V1 734 bp l~tI Product A Lf)~:V1flfl11L~lJ'll~lJlru~iLB'ULeJ~,.wtJ~n~tI1~fll'1lY'lBa 

LlJB1L)",1~tl1mY'l)LlJeJ1 motK 239 F (5' ATC GAT TIT TAT Tn TGG GGC ACA G 3') nu matK 

972 R (5' GAC CCTTCC CGA GTG MA CCA C 3') 

LnBtil PCR product A lJlv1ln11UlJ~1mm:Al'11ii~~~1L'V'l1~ Xbal LL~"lti1t:J~vh~lJl~)"l"iJ"'m.J~"w 

gel electrophoresis Y'l'ldl"'llJ11mLU~ strychnos .Jf~ 6 'I1ii~ l~LtJ'U 2 fl~lJ fl~lJLL)nfiB S. minor, 

S. ignatii LL~~ S. axil/oris 1i'!JlJl~ fragment 734 bp ~"llJ fl~lJ~"'B~fiB s. nux-blanda, s. 


lucida Ll."~ S. nux-vomica 1i 2 fragment fiB'tJ'U1~ 647 bp LL":: 84 bp (J)1'W~ 5) 


-	 Lnmil PCR product A lJlv1lfl11UlJ~1mB'Ul'11ii~~oJ1L'V'l1:: Haelll "'1lJ1)mi1Ll.lJflfl"l1lJLL~fl~1~ 

Il1tl1lJn"lJ1~ l~tlfl"lJLL1flG11lJ11mi1LLlJfl S. axil/oris BBmnn S. minor LL~:: S. ionatii l~tl S.. . .) 

axil/oris ij 2 fragment '!J'U1~ 570 LL"~ 167 bp ~1lJ S. minor LL~~ S. ignatii ij 1 fragment fiB 

'!J'U1~ 734 bp (~LB'ULBhJ()n~~~"lmBlJl'llii~~oJ1LY'l1~ Hoell!) fl"lJ~G1B~G11lJ11()oJ1Ll.lJn S. nux­
~ . 

blanda BBn"iJ1fl S. lucida LL~:: S. nux-vomica l~tl S. nux-blanda i1 2 fragment '!JlJ1~ 570 

LL"~ 167 bp ~"l'U S. lucida LL~~ S. nux-vomica 1i 3 fragment fiB'tJ'Ul~ 498, 164 Ll."~ 72 bp 
d 

(J)1'W'VI 6) 

Product B '!JlJ1~ 1509 bp l~tl Product B Ln~"iJlflLn~"iJ1nn11L~lJ'll~lJ1ru~LB'ULB~1tl'll~n~tl1~fll'1l 


'V'lBaLlJB1m11~tl1mY'l)LlJeJ1 mat-str 27 F (5' GeT TGA TAG ATC TCA ACA ACA CGG 3') nu mat­


str 1535 R (5' CAT TGA TGA TIC ACC AGA TCA GTG 3') 


- LnBIIi'~~1mBlJ1'11ii~~~1LY'll~ Oral 'V'lU1l"'llJ11ml1LblJnfl11lJLl.~fl~1~~~d fl"lJLl.1fl"'1lJ11()oJ1LL'U fl
• 
fl"l1lJLL~n~1~)::'Vrh.:J S. minor nu S. ignatii l~tI S. minor ij 4 fragment fiB'!JlJ1~ 930 bp, 333 

bp, 162 bp Ll.~:: 84 bp ~"llJ S. ignatii 1i 3 fragment fiB'!JlJ1~ 1092 bp, 333 bp Lb~~ 84 bp 

fl"lJ~"'B~G11lJ11mi1LL'Uflfl11lJLL~fl~1~1::'1,r)1~ S. lucida nu S. nux-vomica l~tI S. lucida i1 3• 
fragment fiB'!J'Ul~ 1092 bp, 333 bp Ll.~~ 84 bp ~1lJ S. nux-vomica ij 2 fragment fiB '!J'U1~ 

1425 bp Ll.~:: 84 bp (~'I.J~LB'l.JLB 84 bp l1'nlJB~hiLi1'I.J) (111'W~ 7) 

http:lUn11LLtlfl"'l.pJ


12 

NON-DIGESTION 	 DIGESTION 

A 	
..., A"" .3 ( 
'" 

{ '\ 	 "\ 
<;z: 

;:: <: <::::l 
~>~ .;: ~ .>! 

.~ t.: El . ~ ~~ :,;; -t:> <:: ~ .£; 
Q. ;;: 0. '",.." § ;:: ~ ~ 0 ~ ~ '" :s " 

.;:: 	 :> .;::'g ~ " ~ "i:' 'g ~ ~ tJ 
!.2 .~ t: ..:: t:;: !.2 .~u 	 ""'" !/j I/i ~ ~ ~ I/i > :.ci ~ I/i ~ '" V'i f/i '" 

3000 bp 

1000 bp 

'soo bp 

m~vi 5 t:.J"nl'JulJ PCR product A vtt~~lntliJn~tJ1~n1"1iv'l'tl~llJ€l{L<mhm1'V'1JllJ€l{ motK 239 F flU 

motK 972 R 1ciLe:Jtl1'1f11 Xbol bLm~1:u1ciLe:Jtl1'1f11 Xbol (~lnn1JI'lJ1~?le:Ju~'nJ gel electrophoresis hm 

loil agarose gel 1.5% 1tl lX TAE buffer fl11mh'lPi'mJ 60 11"1'i 
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mwvi 6 t:.J"nl'~u:u PCR product A vtt~~ln'\.J~n~tJ1ijn1"1i'V'le:J~L:Ue:J{L<H'l11'11:J1'V'1Jl:Ue:J{ motK 239 F nu 

motK 972 R 1~Le:Jtl1'll11 Hoelll bb"~1:u1ciLe:Jtl1'll11 Hoelll (~lnnl'H'IJ1~?le:JU~'w gel electrophoresis 

11'11:J1oil agarose gel 1.5% ttl lX TAE buffer fl11:U~1'1Pi'mJ 60 bftl'i) 
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IOOObp 

500bp 

Il1wi'i 7 (!.Jrln11UlJ PCR product B vh~":iJ1ntlDn~tJ1~nl'1iV'lB~LlJB~L1~1~tJ1'W1LlJB~ motK mat-str 27 

F nu mat-str 1535 R 1ciLB'U1'1!l1 Orol m~~1lJ1ciLB'Ul'1!l1 Oro I (":iJ1nn111'l11":iJ?fBU~"JtJ gel 

electrophoresis 1~tJ1.ff agarose gel 1.5% 1'U 1X TAE buffer fll1lJ~1.:jpjmJ 60 bmi) 

6. 	 tb~~nI'l1.ffbi'l~B.:jVllJ1tJ~hB'ULB"lli1~ PCR-RFLP 1'Un111'l11":iJ'i~'4"lli1~'VB.:j~~'U1V'11 Strychnos ~eJ~1'U 

1tl?flJ'U1V'11?f1'l1(!.J~lJ~1rlB.:j
", " 

ih1tJ.:j1'U{i.:jn11H~"ll1'U?fflrl Strychnos ~u?f'l.Jn'U L'!!'U 5. lucido nu 5. ignotii LL~lVh1~ 

mi L~ tJ<fiil'l L ti B.:j":iJ1n~.:j~B.:j"lli1~ii~B~B.:j L~mn'UfiB'W OJ1iiB L V1~n ~.:jl~Vl ~rlB.:jL~~ EJlJ ?flJ'U1V'l1~ml!.l?flJ 
\.I 	 '" '\ " 

~1rlB.:j:ff'ULb~1111rl1tJYllJ~~LB'U LB"lli1~~'lim~-m~LBvl bLvrlVl lJ11 oii1'Un111'l11":iJ'i~u'Vi1~'V'€l.:j?fl.J'UlV'I l', , 

~m(!.J?flJ~1rl'€l.:j;g.:j(!.J?flJ1:::V111.:j 5. lucido nu 5. ignotii 1'U~~cil'U 1:1 

":iJ1n(!.Jrln11ml":iJ1:::U"lli1~~lmntJYll.J~~L~'ULB"lli1~Yl'liB11-m1LBvlLLBrlVl V'lU11~1lJ11fl• 
uBnl~11LU'Un11(!.J?fl.Jn'U1:::V111,:j~"ll1'U?f~Cl Strychnos "lli1~1~ 1~tJ1Li'l11:::\-1":iJ1n'V'U1~ fragment ~ 

1~":iJ1nnl'H,i'~~lm'€l'Ul'1!11 Xbal ;g.:jii'V'U1~ 734 LLCl::: 647 bp LL~~,:j11LU'Un11(!.J?flJ"ll'€l,:j~"ll~11~vi'1 

V1~,:j":iJ1n S. minor, S_ ignatii LLrl::: S. axillaris nu ~"llvi'11~vi'lVl~,:j":iJ1n S. nux-blanda, S. lucida 

LLCl::: S. nux-vomica LdBYl":iJ11ru1"ll'U1~ fragment i'i1~":iJ1nn11vi'~~lmB'U1'Ill1 Haelll ii'V'U1~ 734 

bbCl::: 498 bp Lb?f~.:j11LU'Un11(!.J?flJ'VB.:j~"llvi'11~vi'lVl~.:j":iJ1n S. minor LLCl::: S. ignatii nU~'llvi'11~vi'1 

V1~,:j":iJ1n S. lucida LLCl::: S. nux-vomica 'l~yhtJYl":iJ11ru1~llJnU'V'U1~ fragment vh~":iJ1nn11vi'~ 

~1m'€l'U1'1!l1 Dral ii'V'U1~ 1092 bbCl::: 333 bp ~.:j~1tl1~11LU'Un11l!.l?flJn'U1:::V111,:j S. lucida flU S. 

ignatii (.fl1wi'i 8) 

http:1~tJ1.ff
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3000bp-­

1500bp-­

lOOObp-­

700bp-­

500bp-­

Jl1'V'1~ 8 ~~n1'JmTil'J~'4'llU(1l'lJ€l .H'1~U1'V'1'J1u~tl~~·H.J~lJ"'ill~€l~'J~vrh:j S. lucido flU S. ignotii lw 

~(1l~1'W 1:1 (~'Jl';i](I€lU~"lfJ gel electrophoresis l(1ltJ1-if agarose gel 1.5% 1'W 1X TAE buffer fll1l.J 

I'il.:1l"1n~ 6ol1~ii 

6'I';}tlU(;l~1~1'aru~&l
• 

'I'lU":h~'~UUlflm€l1Y1~'lJ€l~~U motK 'lJ€l.:l~'ll1'WG1n~ Strychnos ijfl11l.JtJ11~.:I~U 1,536 Ulfl~ .­
lel 1 Y1~LVhnu1uVln~lmh.:l~Pim~ILL~~1v1~.:IVl~LutJ'W'Ii'€ll.Ji;~'llU(1l~'~UU1Flm€l1Y1~'lJ€l~~U motK 'lJ€l~~'lJ1'W

• v 

(ln~ Strychnos ~'V'IU1'Wtl'J~LYlI"11Y1tJ1nu~lu-tf€ll.J~'WI'WI'llI~ GenBank LL~~L~€lvhn1'JLtl~tJULVitJU
• .... v 

~1~UU1Flm€l1Vl~'!JeJ~l'll€lcil~1(1ltJ€l1l"1tJhhLLml.J Bioedit, Seq Scanner LL~~ Multalin 'V'IU(I)ILLVI'l1.:1 

polymorph ism 'J~vr:h~l'llelcil.:1'lJ€l~~'lJ1u(lfl~ Strychnos ~~'l111tJ~I'lJU1LiJ'WLFl~€l.:lVll.J1tJ~iLflUL€l'llU(1l 

PCR-RFLP L~€l~~';i]UL€ln;;rn'ljru~~u1'V'I'J1'1.1(1 f1~ Strychnos LL~~~'llu(1l1~ 

';i]1 n~~ n'i'Jl-.5'mL(I(1l~1,xL-t1ul1G11lJl'J (11'li'tl'J~1~I'lJtl';i]ln~U5 m'Jl.J~'ll1'Wm'J~(I';i]tJ L€ln;;rn'ljru'lJ€l~
• v 

m~'U1'I'lJLL~~(lllJl'J(11<ff~'Jl';i]Yi~~u1umru~LtJu",~'U1'I'l'Jr.J(ll.J'lJ€l~~'ll1U(l ~~ Strychnos 1~€lcil~~nv1el~ 

LL~~LLll'U~h 
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