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Pesrome. C mnomowpio MeTopa  0ailecCoOBCKUX
npeoOpasoBaHMil TMPOBEAEH CPaBHUTEABHBINI aHAAU3
ABYX  HECLIEAEHHBIX MEXAy C000il  TreHeTUYeCKUX

MapKepoB TOAYOSHOK moppopa Polyommatus (s. str):
MUTOXOHApUaAbHOro rena COI U sIAepHOIT HYKACOTUAHOI
ITOCAEAOBATEAbHOCTI ITS2. Briao JMICCAEAOBAHO
27 9K3eMNASIpOB TOAyOsiHOK Polyommatus (s. str),
OTHOCSIIMXCSI K 17 TAKCOHAM BUAOBOTO MAM TIOABUAOBOTO
cTaryca. B kauecTBe BHeIIHEN IPYIIIBI MICTIOAb30BAAY BUIA
Polyommatus (Plebicula) amandus (Schneider, [1792]).

Pe3yAbTaThl IPOBEACHHOI'O AHAAU3A CBUAETEABCTBYIOT
0 IIOAHOJ CUMMETPUYHOCTY (PUAOT€HETUYECKMX AEPEBBEB,
noAy4yeHHbIX Aas reHoB COI u ITS2. MoaeAab, moAydYeHHast
AAsL KOMOMHaLmy oboux usydeHHbix reHoB (COI+ITS2),
[I03BOAVAQ BBIAEAUTH BCErO AMIIb IIECTh TAKCOHOB
BMAOBOT'O PaHra.

IToAy4YeHHbIE  PE3yAbTAThl  CBUAETEABCTBYIOT O
HEOOXOAMMOCTM M3MEHEHMsI TAKCOHOMIYECKOIO CTaTyca
PSIAQ M3YYEHHBIX TAKCOHOB:

— Polyommatus icarus (Rottemburg, 1775) = P. andronicus
Coutsis et Ghavalas, 1995 syn. nov.;

— Polyommatus eros boisduvalii (Herrich-Schaffer, 1844);

— Polyommatus eros erotides (Staudinger, 1892) stat. rev.;

— Polyommatus eros menelaos Brown, 1976 stat. nov.;

— Polyommatus eros orientalis comb. nov..

Kpome TOro, mnokasaHo, 4TO TakKCOHbI P  eros
sichuanicus, P. erotides tartarus v P. tsvetajevi obpasyioT
OTAEABHYIO IPyIIITy. B 8T0I1 CBsI3M HEOOXOAUMBIM SIBASIETCS
00beAMHEHME STUX TAKCOHOB B PaMKaX OAHOTO BHUAQ,
BAaAUAHBIM Ha3BaHMEM KOTOPOTO CA€AyeT IIPU3HATb
Polyommatus amorata (Alpheraky, 1897) comb. nov., stat.
nov., coorBercTBylomyM omucaHHomy C. Aadepaxku B
1897 Lycaena Eros var. Amorata. B cocTaBe 3TOro TakCoHa
BMAOBOTI'O CTATyCa CAEAYET PA3AMYATH TPU IIOABUAQ:

— Polyommatus amorata (Alpheraky, 1897) = P eros
sichuanicus Murayama, 1983 syn. nov.;

— Polyommatus amorata tartarus (Fruhstorfer, 1916)
comb. nov.;

— Polyommatus amorata tsvetajevi (Kurentzov, 1970) stat. nov.

Abstract. A molecular phylogenetic analysis of
the genus Polyommatus (s.str.) was carried out using
two independent genetic markers, the mitochondrial
cytochrome ¢ oxidase I (COI) and the nuclear internal
transcribed spacer 2 (ITS2). A 710bp section of COI (5’)
and most of ITS2 (an aligned 638bp) was sequenced for 27
Polyommatus specimens belonging to 17 different taxa. The
Bayesian method was applied to infer phylogenetic trees in
the single gene and combined analyses.

The resulting trees from the single gene analyses
are congruent with each other although their resolution
differs in parts of the tree. The combined analysis produced
separate clusters for most species.

Individuals belonging to Polyommatus icarus
represent one such cluster in the tree. COI- and ITS2
sequences from different subspecies (P icarus icarus,
P icarus fuchsia, P. icarus juno) turned out to be similar
throughout its range, from the Iberian Peninsula to
Transbaikalia. We can confirm that the sequences of
P andronicus are identical to P icarus. Because both
taxa occur in sympatry, we conclude that the former is a
synonym to the latter: Polyommatus icarus (Rottemburg,
1775) = P. andronicus Coutsis et Ghavalas, 1995 syn. nov.

P ciloicus and P. icadius form separate clusters in the
tree which confirms that both are separate species from P
icarus. P, icadius is recorded from Iran for the first time.

The combined molecular phylogenetic analysis of
mitochondrial and nuclear markers helped to clarify the
taxonomy of the P eros group. It confirmed earlier results
obtained from COI sequences which showed that P, eroides
and P. kamtshadalis are only subspecies of P eros. ITS2
sequences of P boisduvalii, P. erotides, P. menelaos and
P eroides orientalis are identical to P. eros. Therefore we
suggest to rank these taxa as subspecies of P. eros:

— Polyommatus eros boisduvalii (Herrich-Schéffer, 1844):
«Lycaena Boisduvalii» [Herrich-Schiffer, 1844: 121];
«Lycaena Eros Var...Boisduvalii, HS.» [Krulikovsky, 1891:
223 (in Russian)];
«Polyommatus  boisduvali

(Herrich-Schiffer, 1844)»
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[Korshunov, 2002: 161, 385 (in Russian)].

— Polyommatus eros erotides (Staudinger, 1892) stat. rev.:
«Lyc.[aena] Eros O. var. Erotides Stgr.» [Staudinger, 1892:
319];

«Polyommatus... eros... sbsp. erotides Stgr.» [Korshunov,
1972: 363 (in Russian)].

«Polyommatus erotides (Staudinger, 1892)» [Korshunov,
2002: 161, 385 (in Russian)].

— Polyommatus eros menelaos Brown, 1976 stat. nov.:
«Polyommatus menelaos sp. nov.» [Brown, 1976: 82].

Because P. eros eroides is a subspecies of P. eros, the
taxon «orientalis» also becomes a subspecies of P. eros:

— Polyommatus eros orientalis comb. nov.:

«Polyommatus eroides ssp. n. orientalis» [Krzywicki,
1983: 401].

P forsteri from Iran is very similar to P eros in
morphology, but these taxa are markedly different in COI-
and ITS2 sequences. Therefore we suggest that P, forsteri is
a distinct species.

The taxa P. eros sichuanicus, P. erotides tartarus and
P. tsvetajevi are very similar genetically but form a separate
cluster from P, eros in the single gene and combined analyses.
Therefore we suggest to combine P eros sichuanicus, P
erotides tartarus and P. tsvetajevi into a distinct species.
According to our research the valid species name for this
taxon is Polyommatus amorata (Alpheraky, 1897) comb.
nov., stat. nov., a taxon which was originally described as
Lycaena Eros var. Amorata Alph. nova. Its type series is in
the museum of the Zoological Institute in St. Petersburg.
We designate the specimen with the following label as
lectotype: “Sytschuan Mao-Djoov. 26 VIII” is written on
the upperside and “Potanin 1893” on the underside of the
label.

The lectotypes of P. amorata and “P. eros sichuanicus”
are very similar morphologically and these taxa appear to
have identical areas of distribution. Therefore we propose
the following synonymy:

- Polyommatus amorata (Alpheraky, 1897) = P eros

sichuanicus Murayama, 1983 syn. nov.

P. amorata contains two subspecies which appear to
have some differences in sequences and wing patterns and
are distributed in different areas:

— Polyommatus amorata tartarus (Fruhstorfer, 1916)
comb. nov.:

«Lycaena tithonus tartarus subsp. nov.» [Fruhstorfer,
1916: 19];

«Polyommatus erotides tartarus (Fruhstorfer, 1916)»
[Huang, 1999: 659].

— Polyommatus amorata tsvetajevi (Kurentzov, 1970) stat.
nov.:

«Lycaena tsvetajevi sp. n.» [Kurentzov 1970: 137 (in
Russian)];

«Polyommatus tsvetaevi (Kurentzov, 1970)» [Korshunov,
2002: 161, 385 (in Russian)].

We conclude that the combined analysis of two
independent mitochondrial and nuclear genetic markers
enabled to resolve the taxonomy of a group of closely
related species whose classification had been confused due
to the shortage of available morphological characters.

BBepenne

B HacToslee BpeMs IIMPOKO PpacHpOCTPaHeHa
KOHLIENLMS MCIIOAB30BaHMA B KayeCTBE YHMBEPCAABHOIO
MapKepa BMAOBON MAEHTUOMKALMM OPraHM3MOB dpar-
MeHTa MUTOXOHApMasbHOM AHK, Koaupylomero nepsyio

cyOopeannnLy pepmenTayuroxpomorcupasa—COI[Hebert
et. al, 2003]. OAHaKO IMOKa3aHO, YTO B HEKOTOPBIX CAyYasiX
npy McnoAb3oBaHuy ToAbKo reHa COI B kauecTBe MapKepa
BO3MOXXHO ITIOAYYEHME KaK AO)KHOIOAOXXUTEABHBIX, TaK U
AOXXHOOTPUIJATEABHBIX TAaKCOHOMUYECKMX pe3yAbTaTOB
[Wiemers, Fiedler, 2007]. Aass moayuenuss 6Goaee
HAAEKHBIX M AAE€KBAaTHBIX PE3YABTaTOB OBIAO IIPEAAOXKEHO
MICIOAb30BaHMeE KaK MUHMMYM ABYX MapKepOB AASL OAHOTO
6uoaorudeckoro oobexta. [Ipuyem, 9T MapKepbl AOAXKHBI
OBITb HECLIEAEHHBIMU APYT C ADYTOM B OAHOI MOAEKYA€
AHK, Hanpumep MuTOXOHAPMAAbHOI. B KauecTBe BTOporo
MapKepa, HEe3aBUCUMOIO OT MUTOXOHAPMAABHOTO TeHa
COI, npusHaHO LjeAecO0OPa3HbIM UCIIOAB30BATDb SAEPHYIO
nocaepoBareabHocTh AHK, Hanpumep Takyro, kak internal
transcribed spacer 2 — ITS2 [AyxraHos, IllartoBaa, 2007].
B aroi1 cBs3M, AAsL OOoAee OOBEKTMBHOM TPAKTOBKMU

duaorennu TOAYOSTHOK moapoaa  Polyommatus
(s. str), mpeacraBaeHHoir panee [Wiemers, 2003;
Bopoaaxckuir, Crpapomckuit, 2008a, b], Hammu 6b1A

MIPOBEAEH KOMOVHMPOBAHHBIN aHAaAM3 ABYX MapKepoB
npepcTaButeAeit Polyommatus(s.str.): MUTOXOHAPUAABHOTO
— COI u sipepHoro — ITS2.

MartepuaAbl 1 METOABI

AoxaAmsalys ¥ XapaKTePUCTUKM M3yYEeHHBIX 5K3eMIIASIPOB
Polyommatus nipepctaBaeHsl Ha KapTe (puc. 1) u B ITpuaoxenun 1.

VccaepoBaHMSI TIpOBeAeHBI Ha 0ase HayyHON IPYIIIbI
MOAEKyAsipHOU Omoaorum FOxHoro HayuHoro uentpa PAH
(r. PocroB-Ha-AOHY) M KadeApbl MOIYASLMOHHON 3KOAOIMNI
Benckoro yHusepcurera.

Cymmapuags AHK  BbipeAsiaach ¢ MCIIOAB3OBaHVEM
denoa/xaopodpopmMHOro  MeTopa  IKCTpaKUMU.  YYAaCTKU
renoB COI mutoxonppuaapHoit AHK m ITS2 saepnonn AHK
aMIAMGULMPOBAAN C MCIIOAb30BAHMEM METOAQ IOAMMEPA3HOI
yenHon peakyuu (ITLP).

[Moayuenne ITLIP-mpoaykTos renoB COInITS2 sx3eMnaspos
cepuit DB, JC, MW 1 RU ocyIecTBASIAM C TOMOIIbIO TIPaiiMEPOB,
omucanHbpix Wiemers [2003: 38, 39]. [Tpaiimepsl, NCIIOAB30BaHHbIE
Aas noaydenust TTL[P-npoaykToB rena COI ak3eMnasipoB cepun
ILL, npeacraBaeHsl B pabote [Boaoaaskckuit, Crpapomcknii, 2008a:
125]. Aast moayuenns ITL[P-npopykToB rena ITS2 sk3emmasipos
cepuu ILL mpuMeHsiAn caepyrolye npaitmepsr: npsimoit (PiF 5'-
GGG CCG GCT GTA TAA AAT CAT A -3’) u obparnbiin (PiR
5- AAA AAT TGA GGC AGA CGC GAT A -3)).

[TapameTpbl METOAOB aMIAM(UKALUY M CeKBEHMPOBAHM,
a TalOKe OIPEACAEHMS] M aHAAM3a INMEepPBUYHBIX HYKAEOTMAHBIX
[I0OCAEAOBATEABHOCTEN, omucaHbl B paborax [Wiemers, 2003;
Bopoaaskckuit, Ctpapomckuit, 2008a].

OTANYYS NEePBUYHBIX HYKA€OTUAHBIX IOCAEAOBATEABHOCTEN
ONPEAEASAUCh KOAMYECTBEHHO C MCIIOAb30BaHMEM METOAR
6aitecoBckux mpeobpasosanunt [Huelsenbeck, Ronquist, 2001] u
rpaduyecKu MpeACTaBASIAUCD B BUAE AEHAPOTPaMM.

B KxauecTBe BHeWIHeNl TPYNNbl IIpM  IIOCTPOEHUU
(UAOTEHETUYECKMX MOAEAEN UCIIOAB30BAAM HYKAEOTUAHDIE
nocaepoBareabHoctu  Polyommatus — (Plebicula) — amandus
(Schneider, [1792]).

Pe3yAbTaThl 1 00CYy)KAEHUE

B AQHHOM MCCAEAOBaHUM C TIOMOIIbI0 METOAA
6aiteCOBCKIMX IPe0Opa3soBaHMil IPOBEAEH CPAaBHUTEABHBIN
aHaAM3 ABYX HECLIEIIAEHHBIX MEXAY CO0O0I reHeTUYeCcKuX
MapkepoB 0abouek-roaybsiHOK moppoaa Polyommatus
(s. str). B KkauecTBe MapKepoB  UCIIOAb30BaAU
MIEPBUYHYIO HYKAEOTHAHYIO IIOCAEAOBATEABHOCTD
MUTOXOHApUaabHOro reHa COI, xoaupymoolero nepByo
cyObeAuHnLy QepmeHTa LMTOXPOMOKCHAQSBI, a TaKXe
SIAEPHYIO HYKAEOTHMAHYIO IOCAEAOBAaTeAbHOCTb [TS2 —
BHYTPEHHMIT TpaHCKpubupyemsplit creiicep 2 (internal
transcribed spacer 2). B mccAepOBaHUM UCIIOAB30BAHO
27 9K3eMIIASIPOB TOAYOsIHOK Polyommatus (s. str),
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Puc. 1. AokaAusauysi U3y4eHHBIX 9K3eMIASIpOB Polyommatus (cm. TIpuaoxenue 1).
Fig. 1. Collecting localities of examined specimens of Polyommatus (see Appendix 1).
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Puc.2. Polyommatus (s. str.): puaoreHeTmeckme AepeBbsi, TOAyYeHHbIEe METOAOM 6aiieCOBCKMX IIPe0bpasoBaHmil HA OCHOBAHMY AHAAN32 HYKAEOTUAHBIX
MOCAEAOBATEABHOCTEN pparMeHTOB MUTOXOHAPUaAbHOro reHa COI 1 sAepHOI HYKACOTUAHOI ocAeAoBaTeAbHOCTH ITS2.

Fig. 2. Phylogenetic trees of Polyommatus (s. str.) inferred from nucleotide sequences of cytochrome ¢ oxidase I (COI) and internal transcribed
spacer 2 (ITS2).

COI: Bayesian Inference tree of 28 Polyommatus specimens inferred from 709bp of COL

The 50% majority consensus tree was recovered from 19962 Bayesian trees sampled during two independent runs under the HKY+I+I' model for DNA
substitution over 1000000 generations. (A total of 10001 trees were sampled in each run of which the first 20 trees were discarded).

ITS2: Bayesian Inference tree of 28 Polyommatus specimens inferred from 565bp of ITS2.

The 50% majority consensus tree was recovered from 19882 Bayesian trees sampled during two independent runs under the HKY+I model for DNA
substitution under 1000000 generations. (A total of 10001 trees were sampled in each run of which the first 60 trees were discarded).

Posterior probabilities are shown at the nodes of recovered branches.
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Puc. 3. Polyommatus (s. str.): uaoreHeTnyeckoe AepeBo, IOAyUeHHOEe METOAOM 0aiteCOBCKMX IIpeobpa3oBaHmil HA OCHOBAHMM aHAAM3a 00beAVHEeH-
HBIX HYKACOTMAHBIX TOCACAOBATEALHOCTEN pparMeHTOB MUTOXOHAPUaAbHOTO rena COI 1 spepHOIT HYKACOTUAHOI ocAepoBaTeAbHOCTM ITS2.

Fig. 3. Phylogenetic tree of Polyommatus (s. str.) inferred from the combined data set of two genes (COI+ITS2).

The Bayesian Inference tree results from a partitioned analysis, with one partition for each gene and all parameters (except topology and branch
lengths) unlinked across partitions, using the HKY+I+T substitution model for the COI partition and the HKY+I model for the ITS2 partition. The 50% ma-
jority consensus tree was recovered from 19932 Bayesian trees sampled during two independent runs over 1000000 generations. (A total of 10001 trees were
sampled in each run of which the first 35 trees were discarded.)

Posterior probabilities are shown at the nodes of recovered branches.

Lectotype: "Lycaena Eros O. var. Amorata Alpheraky, 1897" P amorata amorata P amorata tartarus P amorata tsvetajevi

Puc. 4. Polyommatus amorata: camiibl, BEDXHSISI Ml HVUKHSISI CTOPOHA.
Fig. 4. Polyommatus amorata: males, upperside and underside.
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OTHOCSINMXCS K 17 TaKCOHAM BMAOBOTO MAU ITOABUAOBOIO

craryca (nmpuBeAeHHasi HUXKe TAKCOHOMMSI COOTBETCTBYET

COBPEMEHHOMY COCTOSTHMIO):

— P andronicus Coutsis et Ghavalas, 1995;

— P, boisduvalii (Herrich-Schéffer, 1844) [KopiuyHos, 2002:
161, 385];

— P, ciloicus Freina et Witt, 1983;

— P, eroides orientalis Krziwitzky, 1983;

— P, eros (Ochsenheimer, 1808);

— P, eros eroides (Frivaldszky, 1835) [Settele et al., 2008: 30;
Bopoaaxckuit, Crpapomckuit, 2008a: 126];

— P, eros kamtshadalis (Sheljuzhko, 1933) [BopoAaskckui,
Crpapomckuit, 2008b: 238];

— P, eros sichuanicus Murayama, 1983;

— P, erotides (Staudinger, 1892);

— P erotides tartarus (Fruhstorfer, 1916) [Huang, 1999:
659];

— P, forsteri (Pfeiffer, 1938);

— P icadius (Grum-Grshimailo, 1890);

— P, icarus (Rottemburg, 1775);

— P, icarus fuchsi (Sheljuzhko, 1928);

— P, icarus juno Hemming, 1933 [Benyamini, 1993: 181];

— P menelaos Brown, 1976;

— P, tsvetajevi (Kurentzov, 1970).

PesyAbTaThl IPOBEAEHHOIO aHAAM3a CBUAETEABCTBYIOT
0 IIOAHOV CUMMETPUYHOCTU (PUAOTEHETUYECKUX AEPEBDEB,
noAy4yeHHbIX Aasg reHoB COI u ITS2 (puc. 2). Moaeab,
MOAYYeHHAsT AAST KOMOMHALUM OOOMX M3Yy4YEHHBIX IeHOB
(COI+ITS2), mO3BOAMAA BBIAEAUTH PsiA  OTAEABHBIX
KAQCTEPOB AASI U3YYEHHBIX BUAOB (puc. 3).

B 0AHy M3 TaKuMX IPYII OObeAVHEHbI 5K3eMIIASPHI,
xapakTepusymolquecs Kak P icarus u obpasymouine
OTAEABHYIO BETBb Ha A€HApOrpamme. BbICOKMIT ypOBEHb
OAHOpoAHOCTM  TocaepoBarteapHocTenn  AHK — renos
COI n ITS2 cBolCTBeHEeH NpeACTaBUTEASM Pa3AMYHbIX
MOABUAOB: P. icarus icarus, P. icarus fuchsia, P. icarus juno
Ha TEPPUTOPUM TPAKTUYEeCKM Bcero IlaaeapKTuieckoro
peruoHa (ot ITnpeHeicKoro NoAyocTpoBa A0 3abailkaAbsi).
Heo6XoAMMO OTMETUTh TaK)Ke, YTO TAaKCOH P andronicus
XapaKTepuayeTcsl MPaKTUYeCKU MAEHTUYHBIMU P icarus
nocaepoBareabHocTAMM reHoB kak COI, tak n ITS2. Ha
OCHOBaHUU 3TUX $AKTOB, & TAK)KE MPUHMUMAsI BO BHUMaHue
CUMIIATPUYHOCTb obutaHuss ¢ P icarus, TPUXOAUTCS
KOHCTaTUpOBaTh, uto Polyommatus icarus (Rottemburg,
1775) = P. andronicus Coutsis et Ghavalas, 1995 syn. nov.

O60cobAeHHbIe BETBU Ha AEHAPOrpaMMe 00pasyioT
TaKye TaKCOHbI, KaK P ciloicus i P. icadius, 4TO TTI03BOASIET
CYUTATh UX 000COOAEHHBIMM CAMOCTOSITEAbHBIMU BUAAMMA.
Ilpuyem BrepBble MOKAa3aHO HaAMYMe MpeACTaBUTeAelr P
icadius va Teppuropuu Vpana.

KoMOMHMPOBaHHBII aHAAM3 MUTOXOHAPUAABHOIO
U SIAEPHOTO MapKepOB CMOI B 3HAYMTEABHON CTereHU
YIIOPSIAOYUTD TAaKCOHOMUIO rpymmbl P eros. Panee ¢
momolplo  aHaAusza wmapkepa COI  6blA0  MOKaszaHO
[Boporaxckmit, Crpapomckuii, 2008a, b], uro P eroides
u P kamtshadalis ne Moryt O6bITb XapaKTepu30BaHbI KaK
CaMOCTOSITEAbHbBIE BUADI, 2 IBASIIOTCS AULLD ITOABUAAMU P,
eros: P. eros eroides u P. eros kamtshadalis. DTa KoHLenus
ObIAQ AOIIOAHUTEABHO ITOATBEP)KAEHA KOMOVHUPOBAHHBIM
AQHaAM30M C UCITOAb30BaHueM ABYX MapkepoB (COI+ITS2).
Kpome Toro, uccaepoBaHme mnocaepoBaTeAbHocTelt 1TS2
MOKa3aA0 VX MAEHTUYHOCTD Y TaKVMX TAKCOHOB, KaK P eros,
P, boisduvalii, P. erotides, P. menelaos n P. eroides orientalis.
HesHnaunteAbHble Pa3AUYMS B IOCAEAOBATEABHOCTSIX I'€HA
COlI, BbISIBAEHHBIE AASI 9TUX TAKCOHOB paHee, IOAHOCTBIO

HUBEAVPYIOTCS pe3yAbTaTamMu KOMOVHMPOBAHHOTO
aHaAM3a ABYX HE3aBUCKMBIX TeHOB. Takum ob6pasom,
HEOOXOAMMO MOHUBUTD CTATYC PSIAQ TAKCOHOB, TIOAYMHUB
ux P, eros:

— Polyommatus eros boisduvalii (Herrich-Schéffer, 1844):
«Lycaena Boisduvalii» [Herrich-Schaffer, 1844: 121];
«Lycaena Eros Var...Boisduvalii, HS.» [KpyankoBckmi,
1891: 223];

«Polyommatus boisduvali
[KopruyHos, 2002: 161, 385].

— Polyommatus eros erotides (Staudinger, 1892) stat. rev.:
«Lyc.[aena] Eros O. var. Erotides Stgr.» [Staudinger, 1892:
319];

«Polyommatus... eros... sbsp. erotides Stgr.» [KopiuyHos,
1972: 363].

«Polyommatus erotides (Staudinger, 1892)» [KopiuyHos,
2002: 161, 385].

— Polyommatus eros menelaos Brown, 1976 stat. nov.:
«Polyommatus menelaos sp. nov.» [Brown, 1976: 82].

(Herrich-Schaffer, 1844)»

Kpowme Toro, B CBSI31 C MOHI)KEHMEM CTATyCa TAKCOHA
P eroides po mopBupOBOrO P eros eroides Heob6XOAUMO
MePENnOAYMHUTD TAKCOH «orientalis»:

— Polyommatus eros orientalis comb. nov.:
«Polyommatus eroides ssp. n. orientalis» [Krzywicki,
1983: 401].

Mopdoaornueckn 6AM3KME K IIPEACTABUTEASIM P eros
9K3eMIIASIPBL P forsteri UMeIOT, TeM He MeHee, 3HaulMble
otanuus ot P eros B mocaepoBaTteAbHOCTX Kak COI, Tak
n ITS2 mapkepos. Takum 06pasom, HEOOXOAUMO NTPU3HATH
BUMAOBYIO CAMOCTOSITEABHOCTD TakcoHa P, forsteri.

Taxcousl P eros sichuanicus n P. erotides tartarus
TaKXe MMeIOT 3HauMTeAbHble oTAMuMsa mapkepos COI u
ITS2 ot P, eros v 06pasyioT BMecTe C P, tsvetajevi OTA€AbHYIO
IPYIITY C HE3HAYUTEABHOI BHYTPEHHE BapUabeAbHOCThIO
TeHHBIX MapKepoB. B 3TO11 CBs3M HEOOXOAVMBIM SIBASIETCS
00'beAVIHEHME ITUX TAKCOHOB B CTATYCE TOABUAOB B PaMKax
OAHOTO TaKCOHA BUAOBOTO paHra. Haum AormoAHuTeAbHBIE
JCCACAOBAHMA II0Ka3aAM, 4YTO BAAMAHBIM BMAOBBIM
Ha3BaHMEM 9TOI'0 TAKCOHA CAeAyeT pusHathb Polyommatus
amorata (Alpheraky, 1897) comb. nov., stat. nov.,
coorBeTcTByIOIMM omucanHomy C. Aadepaku B 1897
Lycaena Eros var. Amorata [Alpheraky, 1897: 113]. Tunoas
cepusi 6aboyeK, onMcaHHbIX AAdepaky, XpaHUTCS B My3ee
3ooaornueckoro uxcruryra PAH (r. Caukr-IletepOypr). B
cepuu HAMU BbIA€A€H AeKToTul P. amorata (puc. 4) — camery
c 3-ms atukerkamu: 1. beaas aTukeTKa MPsIMOYTOABHON
$bopMBbI, Ha OAHOJ CTOPOHE B YEPHOJ paMKe IPOINUCHIO:
Sytschuan Mao-Djoov. 26 VIII. Ha o6opore HameyaTaHo:
Potanin 1893. 2. DTukeTKa NPAMOYrOABHON (OPMBI C
HalleyaTaHHOM HAAMMCBI0 Ha KpacHOM ¢oHe: Lectotype
Lycaena eros amorata Alpheraky, 1897. 3. Beaast aTukeTKa
MPsIMOYTOABbHOM (GOPMbI C HaleYaTaHHON HAAIMCDIO:
Polyommatus amorata (Alpheraky, 1897).

Mopdoaornuecku ¢ AeKTOTUIIOM P. amorata CXOAeH
«P. eros sichuanicus» (puc. 4), UMeIOI1I1 OAVHAKOBBIN apeaA
¢ P amorata. B 3T011 CBsI31 HEOOXOAMMO KOHCTATUPOBATb:
Polyommatus amorata (Alpheraky, 1897) = P eros
sichuanicus Murayama, 1983 syn. nov.

IToMmyMO HOMMHATMBHOIO TIOABMAQ, B cocTaBe P
amorata HeoOXOAVMO BBIAEASITD B MOABMAOBOM CTaTyce
TaKKe  CAEAYIOLMe  TAaKCOHBI,  XapaKTepHU3YIOIuecs
OmpeAeAeHHOM  crieundUKOil  TeHHBIX  MapKepoB,
MOP(OAOrMIeCKNX IPU3HAKOB U aPeaAOB 0OUTAHMS:
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— Polyommatus amorata tartarus (Fruhstorfer, 1916)
comb. nov.:
«Lycaena tithonus tartarus subsp. nov.» [Fruhstorfer,
1916: 19];
«Polyommatus erotides tartarus (Fruhstorfer, 1916)»
[Huang, 1999: 659].

— Polyommatus amorata tsvetajevi (Kurentzov, 1970) stat.
nov.:
«Lycaena tsvetajevi sp. n.» [Kypexuos A.J. 1970: 137];
«Polyommatus tsvetaevi (Kurentzov, 1970)» [KopiuyHos,
2002: 161, 385].

Takum o06pasoM, IHpKMeHeHNe KOMOMHMPOBAHHOIO
aHaAM3a HECLIEITAEHHBIX MUTOXOHADMAABHBIX U SIA€PHBIX
mapkepoB AHK moxxer croco6cTBoBaTh 00bEKTUBHOMY
PELIEHNIO CAOKHBIX Y HEOAHO3HAUHBIX TAKCOHOMMYECKUX
BOIIPOCOB, OCOOEHHO B CAy4ae OTCYTCTBMS YETKUX
MOP(OAOTMIECKNX KPUTEPUEB.

baaropapaocTu

ABTOpBI BbIp@XaoT 6AaropapHocts B.A. AyxTaHoBY
(r. Cankt-TleTepbypr) 3a OKa3saHHYI0 METOAOAOTUYECKYIO
momouib, B. Gottsberger (ABcTpus) 3a momoup B
MPOBEAEHMN AQ0OPATOPHBIX MCCAEAOBaHMIT, a Takxke D.
Benyamini (VMspauab), W. ten Hagen (Iepmanms), A.B.
BoapiakoBy (r. Tyaa), A.B. Kpwoxosy (r. Kupos), B.C.
OxkyaoBy (r. VIxeBck) u B.K. Ty3oBy (r. MockBa) 3a HoMol1b
¢ HabOpoM MaTepuaaa.

Autepatypa

Bopoaaxckuit AJ1., Crpapomckumit B.B. 2008a. ViccaepoBaHue duaorenesa
moppoaa Polyommatus (s. str) Latreille, 1804 (Lepidoptera:
Lycaenidae) ¢ ucrmoabsoBannem mapkepoB MTAHK. Yacts 1 //
KaBkasckuit sHTOMOAOTMYECKUIT 6r0AAeTeHb. 4(1): 123-130.

Bopoaaxckuit A.J., Ctpapomckuit B.B. 2008b. ViccaepoBaHue duaorenesa
noppoaa Polyommatus (s. str) Latreille, 1804 (Lepidoptera:
Lycaenidae) ¢ ucrmoapsoBannem mapkepos MTAHK. Yacte II //
KaBKascKuit SHTOMOAOTMYECKUiT Or0AAeTeHb. 4(2): 237-242.

Kopirynos I0.IT. 1972. Karaaor 6yaaBoyceix yenryekpoiabix (Lepidoptera:
Rhopalocera) ®aynp: CCCP // SHToMOAOrMueckoe obospeHue.

LI(2): 352-368.

Kopmynos FO.JT. 2002. ByaaBoyceie uemyekpbiable CeBepHoit Azum. M.:
TosapuectTBo HayuHbix uspanuit KMK. 424 c.

Kpyauxosckmit A. 1891. OmbITh Karasora yemryeKpbIAbIXb KasaHckoit
ry6epuin. 1. Rhopalocera. // Bulletin de la Société Impériale des
Naturalistes de Moscou. IV: 200-251.

Kypenno A.J1. 1970. ByaaBoycele uemryekpbiable AaabHero Bocroka
CCCP. (Ompepeantean). A.: Hayka. 164 c.

Alpheraky S. 1897. Lepidopteres des provinces chinoises Se-Tchouen et
Kham recueillis, en 1893, par M-r G.N.Potanine // Memoires sur les
Lepidopteres, rediges par N. M. Romanoff, Saint-Pétersbourg. 9: 89
- 149.

Benyamini D. 1993. The butterflies of Mt Hermon (Lepidoptera: Rhopalocera
and Hesperiidae) // Linneana Belgica. XIV(4): 167-204.

Brown J. 1976. Notes regarding previously undescribed European taxa of the
genera Agrodiaetus Hiibner, 1822 and Polyommatus Kluk, 1801 (Lep.,
Lycaenidae). // Entomologist’s Gazette. 27: 77-84.

Fruhstorfer H. 1916. Neue paldarktische Lycaeniden // Entomologische
Rundschau. 33(5): 18-19.

Hebert P.D., Cywinska A, helley L. Ball S.L., deWaard J.R. 2003. Biological
identifications through DNA barcodes // Proceedings of the Royal
Society. Ser. B. London. V. 270: 313-321.

Herrich-Schiffer G. A. W. (1843-1856) [1852]. Systematische Bearbeitung
der Schmetterlinge von Europa, zugleich als Text, Revision
und Supplement zu Jakob Hiibner's Sammlung europiischer
Schmetterlinge. G. J. Manz: Regensburg. 6 vols.

Huang H. 1999. Some new butterflies from China — 1. (Rhopalocera).
Lambillionea. XCIX(4): 642-676.

Huelsenbeck J.P., Ronquist F. 2001. MrBayes: Bayesian inference of
phylogenetic trees // Bioinformatics Applications. 17: 754-755.
Krzywicki M. 1983. Eine neue Unterart von Polyommatus eroides
(Frivaldszky, 1835) aus Polen (Lepidoptera, Lycaenidae) |/ Polskie

pismo entomologiczne. 53: 401-404.

Settele J,, Kudrna O,, Harpke A,, Kuehn I,, van Swaay C,, Verovnik R,
Warren M,, Wiemers M,, Hanspach J,, Hickler T,, Kuehn E,, van
Halder I,, Veling K,, Vliegenthart A,, Wynhoff I,, Schweiger O. 2008.
Climatic Risk Atlas of European Butterflies. Biorisk 1 (Special Issue).
Sofia-Moscow. 710 p.

Staudinger O. 1892. Lepidopteren des Kentei-Gebirges // Deutsche
Entomologische Zeitschrift “Iris” 5: 300-393.

Wiemers M. 2003. Chromosome differentiation and the radiation of
the butterfly subgenus Agrodiaetus (Lepidoptera: Lycaenidae:
Polyommatus) — a molecular phylogenetic approach. Dissertation
zur Erlangung des Doktorgrades. Rheinische Friedrich-Wilhelms-
Universitét. Bonn. 203 ss.

Wiemers M., Fiedler K. 2007. Does the DNA barcoding gap exist? — a case
study in blue butterflies (Lepidoptera: Lycaenidae) // Frontiers in
Zoology. 4(8). 16 pp.

ITpuaosxenue 1. XapakTepucTuKa UCCAEAOBAHHBIX 9K3eMIIAIpOB Polyommatus.
Appendix 1. List of the studied specimens of Polyommatus.

Species Voucher Locality COI ITS2
No. sequence sequence
P amandus MW99047 | Turkey: Koskkay, 1900 m, Erzurum GenBank: AY557035 GenBank: AY556661
P. amorata ILLO50 Russia: Suchodol riv, 30 m, Primorsky reg. Appendix 2 Appendix 3
ILLO51 China: 2500 m., S.-W. Sichuan Appendix 2 Appendix 3
ILLO76 China: Wudu distr., 2000 m, S. Gansu Appendix 2 Appendix 3
P, ciloicus ILL039 Iran: S.Suleyman 2300 m, Zanjan GenBank: FJ431282 Appendix 3
P eros ILLO17 Ttaly: Taufers, 1500 m, S.Tirol GenBank: EU597138 Appendix 3
ILL025 Bulgaria: Dibrinishte, 1500-1600 m, Pirin Mt. GenBank: EU597146 Appendix 3
ILL040 Russia: Ilovlya, 40 m, Volgograd reg. GenBank: FJ428804 Appendix 3
ILL063 Russia: Fedyashevo vill., 220 m, Tula reg. GenBank: FJ435341 Appendix 3
ILLO68 Russia: E. Sayan, Tissa riv., 1500 m, Burjatia Appendix 2 Appendix 3
JC00029 Greece: 1180-1200 m, Taiyetos Mt., GenBank: AY556854 GenBank: AY556723
JC00042 Greece: Rodopi Mt., 1200 m, Macedonia GenBank: AY556857 GenBank: AY556726
RU02003 Russia: Sokol vill., 300 m, Magadan reg. Appendix 2 Appendix 3
P, forsteri ILLO26 Iran: Z.Elburs, Alam Kuh, 3600 m, Mazandaran GenBank: FJ428814 Appendix 3
MW00530 | Iran: Takht-e Suleyman, 3500-3700 m, Mazandaran GenBank: AY556938 GenBank: AY556598
P icadius 1ILL022 Tajikistan: Lake Dunkeldyk, 4100 m, S.-E. Pamir GenBank: EU597143 Appendix 3
ILL071 Iran: Ambarkesh, 2900 m, Qazvin Appendix 2 Appendix 3
P icarus DB08003 Israel: 2050 m, Hermon Mt. Appendix 2 Appendix 3
ILLO18 Italy: 500 m, near Trento GenBank: EU597139 Appendix 3
1ILL027 Greece: Dodoni, 450 m, near Igoumenitsa GenBank: FJ428819 Appendix 3
ILLO30 Russia: Sochi, 100 m, Krasnodar reg. GenBank: FJ428821 Appendix 3
ILLO41 Russia: Dugino, Azov distr., 0 m, Rostov reg. GenBank: F]428822 Appendix 3
ILL043 Russia: Nov. Chara, 750 m, Chita reg. GenBank: FJ428818 Appendix 3
ILL049 Russia: Zav'yalovsky, 130 m, Udmurtia GenBank: FJ428825 Appendix 3
ILLO54 Russia: Belokalitvensky distr., 50 m, Rostov reg. Appendix 2 Appendix 3
JC00061 Greece: Falakro Mt., 1650 m, Macedonia GenBank: AY556864 GenBank: AY556731
JC00063 Greece: Falakro Mt., 1650 m, Macedonia GenBank: AY556866 GenBank: AY556732
MW01025 | Spain: Ubierna, 900 m, Burgos GenBank: AY556949 GenBank: AY556606
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IIpunaoxxenne 2. TlocaepoBateapHoctn AHK
MuTOXOHApHaAbHoro reHa COIl  u3yuyeHHbIX
aK3eMIAsipoB Polyommatus (s. str.).

Appendix 2. The COI DNA sequences from the
studied specimens of Polyommatus (s. str.).

Voucher No. DB08003

1 TGGAGTTTGA GCAGGAATAG TAGGAACATC ATTAAGAATT CTAATTCGTA TAGAATTGAG
61 AACCCCTGGA TCATTAATTG GAGATGATCA AATTTATAAT ACTATCGTTA CAGCTCATGC
121 ATTTATTATA ATTTTTTTTA TAGTTATACC CATTATAATT GGAGGATTTG GTAACTGATT
181 AGTTCCTTTA ATATTAGGAG CACCTGACAT AGCCTTCCCT CGATTAAATA ATATAAGATT
241 CTGATTATTA CCTCCATCAT TGATTCTACT AATTTCTAGA AGAATTGTAG AAAATGGGGC
301 AGGAACAGGA TGAACAGTTT ATCCCCCACT TTCATCTAAT ATTGCACACA GAGGATCTTC
361 TGTAGATTTA GCAATTTTCT CTCTTCATTT AGCTGGAATT TCTTCAATTT TAGGAGCAAT
421 TAATTTTATT ACAACTATCA TTAATATACG AGTAAATAAT TTATCCTTTG ATCAAATATC
481 ATTATTTATT TGAGCAGTAG GAATTACAGC ATTATTATTA CTTTTATCTT TACCTGTATT
541 AGCTGGAGCA ATTACTATAT TATTAACTGA TCGAAACCTC AATACCTCAT TCTTTGATCC
601 AGCTGGAGGA GGAGATCCAA TTTTATATCA ACATTTATTT

>
>

Voucher No. ILLO50

1 AATCATAAAG ATATTGGAAC ATTATACTTT ATTTTTGGAA TTTGGGCAGG AATAGTAGGA
61 ACATCATTAA GAATTCTAAT TCGTATAGAA TTAAGAACTC CTGGATCCTT AATTGGAGAT
121 GACCAAATTT ATAATACTAT TGTTACAGCT CATGCATTTA TTATAATTTT TTTTATAGTT
181 ATACCCATTA TAATCGGAGG GTTTGGTAAC TGATTAGTTC CTTTAATATT GGGGGCACCT
241 GATATAGCCT TCCCTCGATT AAATAATATA AGATTTTGAT TATTACCTCC ATCATTGATA
301 CTACTAATTT CTAGGAGAAT TGTAGAAAAT GGAGCAGGAA CAGGATGAAC AGTTTACCCC
361 CCACTTTCAT CTAATATTGC ACACAGAGGA TCTTCTGTAG ATTTAGCAAT TTTCTCTCTT
421 CATTTAGCTG GAATTTCTTC AATTTTAGGA GCAATTAATT TTATTACAAC TATTATTAAT
481 ATACGAGTAA ATAATTTATC CTTTGATCAA ATATCATTAT TTATTTGAGC AGTAGGAATT
541 ACAGCATTAT TATTACTTTT ATCT

Voucher No. ILLOS51

1 AATCATAAAG ATATTGGAAC ATTATACTTT ATTTTTGGAA TTTGGGCAGG AATAGTAGGA
61 ACATCATTAA GAATTCTAAT TCGTATAGAA TTAAGAACTC CTGGATCCTT AATTGGAGAT
121 GACCAAATTT ATAATACTAT TGTTACAGCT CATGCATTTA TTATAATTTT TTTTATAGTT
181 ATACCCATTA TAATCGGAGG GTTTGGTAAC TGATTAGTTC CTTTAATATT GGGGGCACCT
241 GATATAGCCT TCCCTCGATT AAATAATATA AGATTTTGAT TATTACCTCC ATCATTGATA
301 CTACTAATTT CTAGGAGAAT TGTAGAAAAT GGAGCAGGAA CAGGATGAAC AGTTTACCCC
361 CCACTTTCAT CTAATATTGC ACACAGAGGA TCTTCTGTAG ATTTAGCAAT TTTCTCTCTT
421 CATTTAGCTG GAATTTCTTC AATTTTAGGA GCAATTAATT TTATTACAAC TATTATTAAT
481 ATACGAGTAA ATAATTTATC CTTTGATCAA ATATCATTAT TTATTTGAGC AGTAGGAATT
541 ACAGCATTAT TATTACTTTT ATCTTTACCT GTATTAGCTG GAGCAATTAC TATATTATTA
601 ACTGATC

Voucher No. ILLO54

1 AATCATAAAG ATATTGGAAC ATTATACTTT ATTTTTGGAG TTTGAGCAGG AATAGTAGGA
61 ACATCATTAA GAATTCTAAT TCGTATAGAA TTGAGAACCC CTGGATCATT GATTGGAGAT
121 GATCAAATTT ATAATACTAT CGTTACAGCT CATGCATTTA TTATAATTTT TTTTATAGTT
181 ATACCCATTA TAATTGGAGG GTTTGGTAAC TGATTAGTTC CTTTAATATT AGGAGCACCT
241 GACATAGCCT TCCCTCGATT AAATAATATA AGATTCTGAT TATTACCTCC ATCATTGATT
301 CTACTAATTT CTAGAAGAAT TGTAGAAAAT GGAGCAGGAA CAGGATGAAC AGTTTATCCC
361 CCACTTTCAT CTAATATTGC ACACAGAGGA TCTTCTGTAG ATTTAGCAAT TTTCTCTCTT
421 CATTTAGCTG GGATTTCTTC AATTTTAGGA GCAATTAATT TTATTACAAC TATCATTAAT
481 ATACGAGTAA ATAATTTATC CTTTGATCAA ATATCATTAT TTATTTGAGC AGTAGGAATT
541 ACAGCATTAT TATTACTTTT ATCTTTACCT GTATTAGCTG GAGCAATTAC TATATTATTA
601 ACGGATC

IIpuaoxxenne 3. IlocaepoBateabHocT AHK
siznepHoro reHa ITS2 u3yyeHHBIX 5K3eMIIASIPOB
Polyommatus (s. str.).

Appendix 3. The ITS2 DNA sequences from the

studied specimens of Polyommatus (s. str.).

Voucher No. DB08003

1 CAGGACCACT CCTGTCTGAG GGCCGGCTGT ATAAAATCAT ATGCCACACT GTTCGTCTGT
61 GCGACGAACA ATTGACGGTT CCGGACGGTG TCGCGCTTGT GTTTGGGTAC GTCACGTCCC
121 TGCCGCGCCT ACCGTGCGGT CCGTTCAAAT ATGAGACATA AATGTAATAT AACGTTACGT
181 GTCGTGCGGT GTGTACGGTA GCGCGCTCGC GTCGGCGACG TGCGCCGCTC CCCGCCGACG
241 CTCCGTGAAG GTGAAAAATT TGCGAGAGCG ATTATCGGCG AGCGGGGCGT GCACGCGCGT
301 CGAACTGTGT CGTCGACGCG CAGAACGCGC TGCGTGTACA CTCTTTTTCC TAACGAAGAA
361 AACACCACCG TCGAAAACAC TGTTATATTA TATTGAAATA ATAGACAGTA GGCGGACTCG
421 ACGTCCGAAG GGCGCGTCGT CGACGCCGAC GTACCGTTTG ATTTCGGTCG CGGAGGCGGA
481 GTCGTTGCGC TGACGGATAT CGCGTCTGCC TCAATTTTTT ATCGTTGGCC TCAGATCAGG
541 GAGGATCACC

Voucher No. ILLO17

1 ACTGTTCGTC TGTGCGACGA ACAATTGACG GTTCCGGACG GTGTCGCGCT TGTGTTTGGG
61 TACGTCACGT CCCTGCCGCG CCTCCCGTGC GGTCCGTTCA AATATGAGAC ATAAATGTAA
121 TATAACGTTA CGTGTCGTGT GGTGTGTACG GTAGCGCGCT CGCGTCGGCG ACGTGCGCCG
181 CTCCCCGCCG ACGCTCCGTG AAGGTGAAAA ATTTGCGAGA GCGATTATCG GCGAGCGGGG
241 CGTGCACGCG CGTCGAACTG TGTCGTCGAC GCGCAGAACG CGCTGCGTGT ACACTCTTTT
301 TCCTAACGAA GAAAACACCA CCGTCGAAAA CACTGTTATA TTATTTGAAA TAATAGACAG
361 TAGGCGGACT CGACGTCCGA AGGGCGCGTC GTCGACGCCG ACGTACCGAT TGATTTCGGT
421 CGCGGAGGCG GAGTCGTTGC GCTGACGGA

Voucher

1
61
121
181
241
301
361
421
481
541

Voucher

1
61
121
181
241
301
361
421
481
541

Voucher

1
61
121
181
241
301
361
421
481
541

Voucher

[

61
121
181
241
301
361
421
481
541
601
661

Voucher

[

61
121
181
241
301
361
421

Voucher

[

61
121
181
241
301
361
421

No. ILLO68

AATCATAAAG
ACATCATTAA
GATCAAATTT
ATACCCATTA
GATATAGCCT
CTACTAATTT
CCACTTTCAT
CATTTAGCTG
ATACGAGTAA
ACAGCATTAT

No. ILLO71

AATCATAAAG
ACATCATTAA
GATCAAATTT
ATACCCATTA
GACATAGCCT
CTACTAATTT
CCACTTTCAT
CATTTAGCTG
ATACGAGTAA
ACAGCATTAT

No. ILLO76

AATCATAAAG
ACATCATTAA
GATCAAATTT
ATACCCATTA
GACATAGCCT
CTACTAATTT
CCACTTTCAT
CATTTAGCTG
ATACGAGTAA
ACAGCATTAT

ATATTGGAAC
GAATTCTAAT
ATAATACTAT
TAATCGGAGG
TCCCTCGATT
CTAGAAGAAT
CTAATATTGC
GAATTTCTTC
ATAATTTATC
TATTACTTTT

ATATCGGAAC
GAATTCTAAT
ATAATACTAT
TAATCGGAGG
TCCCTCGATT
CTAGAAGAAT
CTAATATTGC
GAATTTCTTC
ATAATTTATC
TATTACTTTT

ATATTGGAAC
GAATTCTAAT
ATAATACTAT
TAATCGGAGG
TCCCTCGATT
CTAGGAGAAT
CTAATATTGC
GGATTTCTTC
ATAATTTATC
TATTACTTTT

No. RU02003

TGACTTTTTT
GCAGGAATAG
TCCTTAATTG
ATTTTTTTTA
ATATTAGGGG
CCCCCATCAT
TGAACAGTTT
GCAATTTTCT
ACAACTATTA
TGAGCAGTAG
ATTACTATAT
GGAGATCCAA

No. ILLO18

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TCCTAACGAG
TAGGCGGACT
CGCGGAGGCG

No. ILL022

ACTGTTCGTC
TACGTCACGT
TAATATAACG
CCGCTCCCCG
GGGCGTGCAC
TTTTCCTAAC
CAGTAGGCGG
GGTCGCGGAG

CTACAAATCA
TAGGAACATC
GAGATGATCA
TAGTTATACC
CACCTGACAT
TGATGCTACT
ACCCCCCACT
CTCTTCATTT
TTAATATACG
GAATTACAGC
TATTAACTGA
TTTTATATCA

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGC
ACGCTCCGTG
CGTCGAACTG
GAAAACACCA
CGACGTCCGA
GAGTCGTTGC

TGTGCGACGA
CCCTGCCGCG
TTACGTGTCG
CCGACGCTCC
GCGCGTCGAA
GAAGAAAACA
ACTCGACGTC
GCGGAGTCGT

ATTATACTTT
TCGTATAGAA
TGTTACAGCT
ATTTGGTAAC
AAATAATATA
TGTAGAAAAT
ACACAGAGGA
AATTTTAGGA
CTTTGATCAA
AT

ATTATACTTT
TCGTATAGAA
TGTTACAGCT
GTTTGGTAAC
AAATAATATA
TGTAGAAAAT
ACACAGAGGA
AATTTTAGGA
CTTTGATCAA
ATCTTTACCT

ATTATACTTT
TCGTATAGAA
TGTTACAGCT
GTTTGGTAAC
AAATAATATA
TGTAGAAAAT
ACACAGAGGA
AATTTTAGGA
CTTTGATCAA
ATCTTTACCT

TAAAGATATT
ATTAAGAATT
AATTTATAAT
CATTATAATC
AGCCTTCCCT
AATTTCTAGA
TTCATCTAAT
AGCTGGAATT
AGTAAATAAT
ATTATTATTA
TCGAAACCTC
ACATTTATTT

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CCGTCGAAAA
AGGGCGCGTC
GCTGACGGA

ACAATTGACG
CCTCCCGTGC
TGTGGTGTGT
GTGAAGGTGA
CTGTGTCGTC
CCACCGTCGA
CGAAGGGCGC
TGCGCTGACG

ATTTTTGGAA
TTGAGAACTC
CATGCATTTA
TGATTAGTTC
AGATTCTGAT
GGAGCAGGAA
TCTTCTGTAG
GCAATTAATT
ATATCATTAT

ATTTTTGGAA
TTGAGAACTC
CATGCATTTA
TGATTAGTTC
AGATTCTGAT
GGAGCAGGAA
TCTTCTGTAG
GCAATTAATT
ATATCATTAT
GTATTAGCTG

ATTTTTGGAA
TTAAGAACTC
CATGCATTTA
TGATTAGTTC
AGATTTTGAT
GGAGCAGGAA
TCTTCTGTAG
GCAATTAATT
ATATCATTAT
GTATTAGCTG

GGAACATTAT
CTAATTCGTA
ACTATTGTTA
GGAGGATTTG
CGATTAAATA
AGAATTGTAG
ATTGCACACA
TCTTCAATTT
TTATCATTTG
CTTTTATCTT
AATACCTCAT
TGGTTTTTTG

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
CACTGTTATA
GTCGACGCCG

GTTCCGGACG
GGTCCGTTCA
ACGGTAGCGC
AAAATTTGCG
GACGCGCAGA
AAACACTGTT
GTCGTCGACG
GA

TTTGAGCAGG
CTGGATCCTT
TTATAATTTT
CTTTAATATT
TATTACCCCC
CAGGATGAAC
ATTTAGCAAT
TTATTACAAC
TTATTTGAGC

TTTGAGCAGG
CTGGATCCTT
TTATAATTTT
CTTTAATATT
TATTACCCCC
CAGGATGAAC
ATCTAGCAAT
TTATTACAAC
TTATTTGAGC
GAGCAA

TTTGAGCAGG
CTGGATCCTT
TTATAATTTT
CTTTAATATT
TATTACCTCC
CAGGATGAAC
ATTTAGCAAT
TTATTACAAC
TTATTTGAGC
G

ACTTTATTTT
TAGAATTGAG
CAGCTCATGC
GTAACTGATT
ATATAAGATT
AAAATGGAGC
GAGGATCTTC
TAGGAGCAAT
ATCAAATATC
TACCTGTATT
TCTTTGATCC

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TTATTTGAAA
ACGTACCGTT

GTGTCGCGCT
AATATTATGA
GCTCGCGTCG
AGAGCGATTA
ACGCGCTGCG
ATATTATTTG
CCGACGTACC

AATAGTAGGA
AATTGGAGAT
TTTTATAGTT
AGGGGCACCT
ATCATTGATG
AGTTTACCCC
TTTCTCTCTT
TATTATTAAT
AGTGGGAATT

AATAGTAGGA
AATTGGAGAT
TTTTATAGTT
AGGAGCACCT
ATCATTGATA
AGTTTATCCC
TTTCTCTCTT
TATCATTAAT
AGTAGGAATT

AATAGTAGGA
AATTGGAGAT
TTTTATAGTT
AGGGGCACCT
ATCATTGATA
AGTTTACCCC
TTTCTCTCTT
TATTATTAAT
AGTAGGAATT

TGGAATTTGA
AACTCCTGGA
ATTTATTATA
AGTTCCTTTA
CTGATTATTA
AGGAACAGGA
TGTAGATTTA
TAATTTTATT
ATTATTTATT
AGCTGGAGCA
AGCTGGAGGG

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
TAATAGACAG
TGATTTCGGT

TCTGTTTGGG
GACATAAATG
GCGACGTGCG
TCGGCGAGCG
TGTACACTCT
AAATGATAGA
GATTGATTTC
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No. ILLO25

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
CCTAACGAAG
AGGCGGACTC
GCGGAGGCGG

No. ILLO26

ACTGTTCGTC
TACGTCACGT
TAATATAACG
CCGCTCCCCG
GGGCGTGCAC
TTTTCCTAAC
CAGTAGGCGG
GGTCGCGGAG

No. ILLO27

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TCCTAACGAA
TAGGCGGACT
CGCGGAGGCG

No. ILLO30

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TCCTAACGAA
TAGGCGGACT
CGCGGAGGCG

No. ILLO39

ACTGTTCGTC
TACGTCACGT
TAATATAACG
CCGCTCCCCG
GGGCGTGCAC
TTTTCCTAAC
CAGTAGGCGG
GGTCGCGGAG

No. ILLO40

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
CCTAACGAAG
AGGCGGACTC
GCGGAGGCGG

No. ILLO41

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TCCTAACGAA
TAGGCGGACT
CGCGGAGGCG

No. ILLO43

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TCCTAACGAA
TAGGCGGACT
CGCGGAGGCG

No. ILLO49

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TCCTAACGAA
TAGGCGGACT
CGCGGAGGCG

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGT
ACGCTCCGTG
CGTCGAACTG
AAAACACCAC
GACGTCCGAA
AGTCGTTGCG

TGTGCGACGA
CCCTGCCGCG
TTACGTGTCG
CCGACGCTCC
GCGCGTCGAA
GAAGAAAACA
ACTCGACGTC
GCGGAGTCGT

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGC
ACGCTCCGTG
CGTCGAACTG
GAAAACACCA
CGACGTCCGA
GAGTCGTTGC

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGC
ACGCTCCGTG
CGTCGAACTG
GAAAACACCA
CGACGTCCGA
GAGTCGTTGC

TGTGCGACGA
CCCTGCCGCG
TTACGTGTCG
CCGACGCTCC
GCGCGTCGAA
GAATAAAACA
ACTCGACGTC
GCGGAGTCGT

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGT
ACGCTCCGTG
CGTCGAACTG
AAAACACCAC
GACGTCCGAA
AGTCGTTGCG

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGC
ACGCTCCGTG
CGTCGAACTG
GAAAACACCA
CGACGTCCGA
GAGTCGTTGC

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGC
ACGCTCCGTG
CGTCGAACTG
GAAAACACCA
CGACGTCCGA
GAGTCGTTGC

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGC
ACGCTCCGTG
CGTCGAACTG
GAAAACACCA
CGACGTCCGA
GAGTCGTTGC

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CGTCGAAAAC
GGGCGCGTCG
CTGACGGA

ACAATTGACG
CCTCCCGTGC
TGTGGTGTGT
GTGAAGGTGA
CTGTGTCGTC
CCACCGTCGA
CGAAGGGCGC
TGCGCTGACG

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CCGTCGAAAA
AGGGCGCGTC
GCTGACGGA

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CCGTCGAAAA
AGGGCGCGTC
GCTGACGGA

ACAATTGACG
CCTCCCGTGC
TGTGGTGTGT
GTGAAGGTGA
CTGTGTCGTC
CCACCGTCGA
CGAAGGGCGC
TGCGCTGACG

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CGTCGAAAAC
GGGCGCGTCG
CTGACGGA

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CCGTCGAAAA
AGGGCGCGTC
G

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CCGTCGAAAA
AGGGCGCGTC
GCTGACGGA

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CCGTCGAAAA
AGGGCGCGTC
GCTGACGGA

AJ. Bopoaaxckuit, M. Bumepc, B.B. Ctpapomckuit

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
ACTGTTATAT
TCGACGCCGA

GTTCCGGACG
GGTCCGTTCA
ACGGTAGCGC
AAAATTTGCG
GACGCGCAGA
AAACACTGTT
GTCGTCGACG
GA

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
CACTGTTATA
GTCGACGCCG

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
CACTGTTATA
GTCGACGCCG

GTTCCGGACG
GGTCCGTTCA
ACGGTAGCGC
AAAATTTGCG
GACGCGCAGA
AAACACTGTT
GTCGTCGACG
GA

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
ACTGTTATAT
TCGACGCCGA

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
CACTGTTATA
GTCGACGCCG

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
CACTGTTATA
GTCGACGCCG

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
CACTGTTATA
GTCGACGCCG

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TATTTGAAAT
CGTACCGATT

GTGTCGCGCT
AATATTATGA
GCTCGCGTCG
AGAGCGATTA
ACGCGCTGCG
ATATTATTTG
CCGACGTACC

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TTATTTGAAA
ACGTACCGTT

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TTATTTGAAA
ACGTACCGTT

GTGTCGCGCT
AATATTATGA
GCTCGCGTCG
AGAGCGATTA
ACGCGCTGCG
ATATTATTTG
CCGACGTACC

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TATTTGAAAT
CGTACCGATT

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TTATTTGAAA
ACGTACCGTT

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TTATTTGAAA
ACGTACCGTT

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATTG
CGCTGCGTGT
TTATTTGAAA
ACGTACCGTT

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
AATAGACAGT
GATTTCGGTC

TGTGTTTGGG
GACATAAATG
GCGACGTGCG
TCGGCGAGCG
TGTACACTCT
AAATGATAGA
GATTGATTTC

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
TAATAGACAG
TGATTTCGGT

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
TAATAGACAG
TGATTTCGGT

TGTGTTTGGG
GACATAAATG
GCGACGTGCG
TCGGCGAGCG
TGTACACTCT
AAATGATAGA
GATTGATTTC

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
AATAGACAGT
GATTTCGGTC

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
TAATAGACAG
TGATTTCGGT

TGTGTTTGGG
ATGAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
TAATAGACAG
TGATTTCGGT

TGTGTTTGGG
ATAAATGTAA
AAGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
TAATAGACAG
TGATTTCGGT
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No. ILLO50

ACTGTTCGTC
TACGTCACGT
AATATAACGT
CGCTCCCCGC
GGCGTGCACG
CCTGACGAAG
AGGCGGACTC
GCGGAGGCGG

No. ILLO51

ACTGTTCGTC
GGGTACGTCA
AATGTAATAT
TGCGCCGCTC
AGCGGGGCGT
TTTTTCCTAA
ACAGTAGGCG
CGGTCGCGGA

No. ILLO54

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TCCTAACGAA
TAGGCGGACT
CGCGGAGGCG

No. ILLO63

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
CCTAACGAAG
AGGCGGACTC
GCGGAGGCGG

No. ILLO68

ACTGTTCGTC
TACGTCACGT
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
CCTAACGAAG
AGGCGGACTC
GCGGAGGCGG

No. ILLO71

ACTGTTCGTC
TACGTCACGT
TAATATAACG
CCGCTCCCCG
GGGCGTGCAC
TTTTCCTAAC
CAGTAGGCGG
GGTCGCGGAG

No. ILLO76

ACTGTTCGTC
GGGTACGTCG
AATGTAATAT
TGCGCCGCTC
AGCGGGGCGT
TTTTTCCTAA
ACAGTAGGCG
CGGTCGCGGA

TGTGCGACGA
CCCTGCCGCG
TACGTGTCGT
CGACGTTCCG
CGCGTCGAAC
AAAACACCAC
GACGTCCGAA
AGTCGTTGCG

TGTGCGACGA
CGTCCCTGCC
AACGTTACGT
CCCGCCGACG
GCACGCGCGT
CGAAGAAAAC
GACTCGACGT
GGCGGAGTCG

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGC
ACGCTCCGTG
CGTCGAACTG
GAAAACACCA
CGACGTCCGA
GAGTCGTTGC

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGT
ACGCTCCGTG
CGTCGAACTG
AAAACACCAC
GACGTCCGAA
AGTCGTTGCG

TGTGCGACGA
CCCTGCCGCG
CGTGTCGTGT
ACGCTCCGTG
CGTCGAACTG
AAAACACCAC
GACGTCCGAA
AGTCGTTGCG

TGTGCGACGA
CCCTGCCGCG
TTACGTGTCG
CCGACGCTCC
GCGCGTCGAA
GAAGAAAACA
ACTCGACGTC
GCGGAGTCGT

TGTGCGACGA
CGTCCCTGCC
AACGTTACGT
CCCGCCGACG
GCACGCGCGT
CGAAGAAAAC
GACTCGACGT
GGCGGAGTCG

No. RU02003

CAGGACCACT
GCGACGAACA
TGCCGCGCCT
CGTGTCGTGT
ACGCTCCGTG
CGTCGAACTG
AACACCACCG
CGTCCGAAGG
TCGTTGCGCT
AGGATCACC

CCTGTCTGAG
ATTGACGGTT
CCCGTGCGGT
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
TCGAAAACAC
GCGCGTCGTC
GACGGATATC

ACAATTGACG
CCTCCCGTGC
GTGGTGTGTA
TGAAGGTGAA
TGTGTCGTCG
CGTCGAAAAC
GGGCGCGTCG
CTGACGGA

ACAATTGACG
GCGCGCCTCC
GTCGTGTGGT
TTCCGTGAAG
CGAACTGTGT
ACCACCGTCG
CCGAAGGGCG
TTGCGCTGAC

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CCGTCGAAAA
AGGGCGCGTC
GCTGACGGA

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CGTCGAAAAC
GGGCGCGTCG
CTGACGGA

ACAATTGACG
CCTCCCGTGC
GGTGTGTACG
AAGGTGAAAA
TGTCGTCGAC
CGTCGAAAAC
GGGCGCGTCG
CTGACGGA

ACAATTGACG
CCTCCCGTGC
TGTGGTGTGT
GTGAAGGTGA
CTGTGTCGTC
CCACCGTCGA
CGAAGGGCGC
TGCGCTGACG

ACAATTGACG
GCGCGCCTCC
GTCGTGTGGT
TTCCGTGAAG
CGAACTGTGT
ACCACCGTCG
CCGAAGGGCG
TTGCGCTGAC

GGCCGGCTGT
CCGGACGGTG
CCGTTCAAAT
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
TGTTATATTA
GACGCCGACG
GCGTCTGCCT

GTTCCGGGCG
GGTCCGTTCA
CGGTAGCGCG
AAATTTGCGA
ACGCGCAGAA
ACTGTTATAT
TCGACGCCGA

GTTCCGGGCG
CGTGCGGTCC
GTGTACGGTA
GTGAAAAATT
CGTCGACGCG
AAAACACTGT
CGTCGTCGAC
GGA

GTTCCGGACG
GGTCCGTTCA
GTGGCGCGCT
ATTTGCGAGA
GCGCACAACG
CACTGTTATA
GTCGACGCCG

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
ACTGTTATAT
TCGACGCCGA

GTTCCGGACG
GGTCCGTTCA
GTAGCGCGCT
ATTTGCGAGA
GCGCAGAACG
ACTGTTATAT
TCGACGCCGA

GTTCCGGACG
GGTCCGTTCA
ACGGTAGCGC
AAAATTTGCG
GACGCGCAGA
AAACACTGTT
GTCGTCGACG
GA

GTTCCGGGCG
CGTGCGGTCC
GTGTACGGTA
GTGAAAAATT
CGTCGACGCG
AAAACACTGT
CGTCGTCGAC
GGA

ATAAAATCAT
TCGCGCTTGT
ATGAGACATA
CGCGTCGGCG
GCGATTATCG
CGCTGCGTAC
TTTGAAATAA
TACCGATTGA
CAATTTTTTA

GTGTCGCGCT
AATATGAGAC
CTCGCGTCGG
GAGCGATTAT
CGCGCTGCGT
TATTTGAAAT
CGTACCGATT

GTGTCGTCGC
GTTCAAATAT
GCGCGCTCGC
TGCGAGAGCG
CAGAACGCGC
TATATTATTT
GCCGACGTAC

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGTGTGT
TTATTTGAAA
ACGTACCGTT

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TATTTGAAAT
CGTACCGATT

GTGTCGCGCT
AATATGAGAC
CGCGTCGGCG
GCGATTATCG
CGCTGCGTGT
TATTTGAAAT
CGTACCGATT

GTGTCGCGCT
AATATTATGA
GCTCGCGTCG
AGAGCGATTA
ACGCGCTGCG
ATATTATTTG
CCGACGTACC

GTGTCGTCGC
GTTCAAATAT
GCGCGCTCGC
TGCGAGAGCG
CAGAACGCGC
TATATTATTT
GCCGACGTAC

ATGCCACACT
GTTTGGGTAC
AATGTAATAA
ACGTGCGCCG
GCGAGCGGGG
ACTCTTCTCC
TAGACAGTAG
TTTCGGTCGC
TCGTTGGCCT

TGTGTTTGGG
ATATAAATGT
CGACGTGCGC
CGGCGAGCGG
ACACTTTTTT
AATAGACAGT
GATTTCGGTC

GCTTGTGTTT
GAGACATAAA
GTCGGCGACG
ATCATCGGCG
TGCGTACACT
GAAATAATAG
CGATTGATTT

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
TAATAGACAG
TGATTTCGGT

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
AATAGACAGT
GATTTCGGTC

TGTGTTTGGG
ATAAATGTAA
ACGTGCGCCG
GCGAGCGGGG
ACACTCTTTT
AATAGACAGT
GATTTCGGTC

TGTGTTTGGG
GACATAAATG
GCGACGTGCG
TCGGCGAGCG
TGTACACTCT
AAATGATAGA
GATTGATTTC

GCTTGTGTTT
GAGACATAAA
GTCGGCGACG
ATCATCGGCG
TGCGTACACT
GAAATAATAG
CGATTGATTT

GTTCGTCTGT
GTCACGTCCC
TATAACGTTA
CTCCCCGCCG
CGTGCACGCG
TAGCGAAGAA
GCGGACTCGA
GGAGGCGGAG
CAGATCAGGG



