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Abstract

The position between the three families PapavescEBamariaceae and Hypecoaceae is one of the most
problematic taxonomic. To understand the phylogeahtionship of these genera thirty six samples of
Papaveraceagl. were extracted for DNA analysis. Three primersegaon ITS of nrDNA ITS3,5 ITS4,5 and
matkchloroplast gene were used in PCR amplificatioryl®enetic relationships among genera and speéies o
Papaveraceazl. based omNeighbor-joining (NJ)IUPGMA and ML-DTR-GL 1000 models were drowning. The
clades of phylogenetic relationship clearly suppetationships of Fumariaceae to the Fumarioidea¢hé
family Papaveraceazl.
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Introduction

The family Papaveraceae took a big atterfiiom many scientists because it is one of thetimbsresting
families having medicinal properties and taxonomioblems. The relationships between the three famil
Papaveraceae, Fumariaceae and Hypocoaceae aaensaitter of discussion (Taia, 2009). Papaverasasadéong
been known by human civilization since ancient 8niiecause of their benefit in medicine as narcatios
hallucinogenic agents (Hassan Detr al, 2010).The family is well known the commercialdamedicinal
importance Papaveris the most important genus of the family for itegucing the opium alkaloids including
morphine, codeine and heroine which are of manyitamt medicinal applications. The family Papaveeacis
a medium sized family comprising of more than 48aga and 770 species. It distributed mainly inrtbghern
temperate region of the world (Kadereit, 1993a).

In Iraq the family is distributed throughdbe country, 5 genus and 26 species Cullen (1p8fvided a
taxonomic account for the family in Iraq in itsistrsence based only gross morphology,
and treated Fumariaceae as a separated family.

Recent studies on different aspects ofrtarucal evidences such as anatomy, chemistry arldcolar
characteristics (Kadereiet.al, 1995; Hootet.al, 1997; Heywood, 2007) showed different opinions on
Papaveraceae classification, they clearly supppttiesensu latcconcept of the Papaveraceae based on DNA
analysis. Due to lacking of any detailed taxonomngtadies on the Papaveraceakin Iraq, the present study
aims to: Comparing species by using PCR and DNAyaisato resolving the controversial between the
Papaveraceae and Fumariaceae by used some Iralganiah species.

Materials and methods:

The molecular study carried out in the dapant of Agronomy and Plant Breeding, and the ént
Laboratory of College of Agriculture and Naturaldearces, University of Tehran, Karaj-lran, materiaiere
used which were collected during the sampling ¢cgrried out during the spring months (Februarity) in
2013 and 2014 for collection and identificationpddints from different cities in Iraq ) with dry sphas from
National Herbarium of Iraq (BAG), Herbarium of Baddniversity at Science College (BSRA), Herbariuim o
Bagdad University (BUH) and National Herbarium &l (TARI).

DNA Extraction

DNA was extracted from dried leaves. Tdtal DNA was extracted in CTAB (cetyltrimethyl amnium
bromide) isolation buffer according to the modifigabtocol of Doyle and Doyle (1987) and Costa-Sé&azeh al
for herbarium samples. (2006).
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Two primer pairs namely 1TS4, ITS5, anthtk were used as. These primers were used for PCR
amplification and direct double-stranded DNA sediregn. The sequence of these primers is as follows:

Primers| Origen Sequences (5> 3)
matk Micro | 390F | F| 5-CGATCTATTCATTCAATATTTC-3'
gene | 1326R| R | 5-TCTAGCACACGAAAGTCGAAGT-3'
Company ITS5 | F| 5- GGAAGTAAAAGTCGTAACAA -3'
ITS (South | ITS4 | R|5'- TCC TCC GCT TAT TGA TAT GC -3'
Korea)

Reaction conditions for tieatkregion were : denaturation at & for 3 min followed by 30 cycles of 1
min at 94C for, 1 min at 5iC, 1 min at 72C and a final extension at %2 for 7 min.

PCR amplification for ITS region was ashéd using touchdown PCR strategy involved: deatitur at
94°C for 3 min followed by 30 cycles of 1 min at ‘@for, 1 min 58-5IC (over the first eight cycles with the
remaining cycles at 52) 1 min at 72C and a final extension at 2 for 7 min. PCR products were purified for
sequencing by using GeneAll Exin kit following thetocol recommended by the manufacturers.

Results

1- DNA Extraction

DNA extracted from 36 samples of dry leabgsused CTAB, the modified method (Doyle and Doyle
1987) and (Cota-Sanchet al, 2006). In this study used two methods for extoacDNA, the first included
samples collected during trips field where its pérof collection does not exceed more than one, yearsecond
method included herbarium samples collected froffierdint herbarium. The quantity and quality of (A, in
general, is better in recent samples than fromh#rbarium samples, but this depends on the prasamvand
storage of samples, whether recent or old samjlke. results have shown that DNA fragments size were
between 750 - 900 bp in all species.

Analysis of matk

As shown in Fig. 1 phylogenetic analys®s carried out by using 16 species belong to frmera as
outgroup which includes#leconopsis csmbric$apavertriniifolium, Papaver nudicsulePapaver radicstum
Papaver alpinumPapaver hultenji Papaver lapponicumPapaver mcconnelliPapaver dahlianumPapaver
comwallisense Fumaria cspreolata Fumaria muralis Fumaria purpurea Fumaria bastardii Fumaria
officinalis andEomecon chionantha

The results of phylogenetic relationshappeared the topology ofatktrees designed based on Neighbor-
joining (NJ) for a bootstrap 50% (bootstrap peragat BP) the tree involved 30 species of Papavaeaaad
Fumariaceae, 18 species were grouped into 6 cladesteas the remaining 12 species separated without
gathered in a particular clade and these spectbsdiedP.rhoeas F.bracteosaP.macrostmumP.macrostmum
T, C.oppositifolig P.macrostmumsS, P.bornmueleri P.somniferum P.dubium P.orientale F.cilicica,
E.californica

Clade 2 gathered the four species oi@eMiltantha, while P.cylindricumnested withP.tenuifoliumand
F.densiflora Both species of sectioArgemonidium(ArgemonorhoeadégsP.argemoneand P.hybrida nested
with Roemeria hybridunm clade 3H. gesliniiandH. pendulungathered in clade ih 98 BP, whileH.imberbe
nested with genuBapaverin clade 1. As shown in Fig. 1.

The conducted analysis by ML- DTR- Gl Q0f@odel, composed 7 clades which gathered 20 specie
whereas the remaining 10 species separated witpathered in a particular clade and this speciekidecd
P.macrostmumS, P.macrostmumT, P.macrostmum F.bracteosa P.bornmueleri P.rhoeas P.oriental
P.somniferumC.oppositifolia F.cilicica. they were also gathered with different speciesnfrgenusPapaver
sectionMiltantha as appeared in clade 1 with 57 BP.

Furthermore as above in NJ model, geRusnaria gathered with genu&lauciumin clade 6 and with
Papaverin clade 7. As foH. imberbewas collected with genuBapaverin clade 2, while clade 3 clustered
genusRoemeriavith PapaversectionArgemonidiunmas shown in Fig 1.

Conducted analysis by UPGMA model Fig.@mposed 5 clades which were gathered 29 specigs, on
E.californicawas separated without gathered in a particularecl&ide 1 is the main clade which consists of 10
species that nested from different genera and diecl®apaver HypecoumFumariaandCorydalis Also, clade
5 gathers species from different genera which veétapaver Hypecoum Fumaria and Glaucium Results
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noticedF. parviflorais a sister group witls. corniculatumin 100 BP and-. densiflorais a sister group with
P.tenuifoliumin 83 BP.

The similar to both models NJ and ML, ge@semeriaclustered withPapaversectionArgemonidiumn clade
4, andF.cilicica gathered with genuBapaversectionMiltantha in clade 2 with high support 100 BP. But this
model different from the previous two other modielgshe overlapped of speci€&somniferunwith different
section in genuRapaverin clade 3, as shown in Fig.3.

Analysisof ITS4and ITS5

As shown in Fig. 4 the results of phylogénrelationships the topology of ITS 4 and IT8e&es designed
based on Neighbor-joining (NJ) for a bootstrap 5@%otstrap percentage; BP) majority-rule agreerrest for
28 species of Papaveraceae and Fumariaceae, 28sspete grouped into 5 clades and 6 species liatdt
with a particular clade which includeB. rhoeas, P. persicum, P. dubium, P.somniferum,offfentale,
P.bracteatumITS4 and ITS5 sequence numbers were obtained Bene Bank.

Species that group in one clade do not alwdigay morphological groupings, for example cl&daclude
species in different genera froRapaver Fumaria, Roemeriaand Hypecoum The out-group included nine
species from four generileconopsis integrifoliaHypecoum procumbens, F. officinalis, P.pilosum|gtam,
P.nudicaula, P.pavonium, P. commutatandP.pseudoorientale.

Similarly, the conducted analysis by Maximuikelihood (ML-K2P) model Fig. 5, included five alas.
Also 22 species were grouped into 5 clades andéisp nonaffiliated with a particular clade whickludedP.
dubium, P.somniferum, Persicum, P. rhoeas, E.californieandC.oppsitifolia
With some minor differences, in the ML tree theatelnships among species were similar as see with N
analysis. The variation was in bootstrap percentagfsveen them. The only differences observed weee t
grouping ofE.californicaand C.oppsitifoliain Clade 1 in NJ tree.
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Fig. 1: Phylogenetic relationships among Papaver aceae and Fumariaceae using matk based on
Neighbor-joining NJ model
‘ Species under study / NCBI samples ex. Papaver macrostomum DQ250275
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Fig. 2: Phylogenetic relationships among Papaver aceae and Fumariaceae using matk based on UPGM A

model

A Species under study / NCBI samples ex. Papaver macrostomum DQ250275
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Discussion

Extraction of DNA from a fresh materialperfect for getting good quality of DNA, but @rcbe extracted
from each fresh, lyophilized, and dried sample. Theice of a protocol for DNA extraction dependstbae
quality and quantity of DNA that we needed, the gl@® nature, and the natural substances preseacensty
intervene with the extraction and latter analySieriagret al, 2006). For this reason, this study has followed
two methods of extraction one of them for herbareamples and the other for the samples that cetlegtiring
the time of this study and the modified protocotdngse some samples are very old or not preservgdad
conditions. Therefore, we must test several prdsotmfind out the best one that serves for theciggeunder
search.

The DNA intensity of absorbance was meadiry Spectrophotometer at 260/280 nm wavelendtichw
shows the existence of protein contaminants ket not determine if the DNA is degraded or nothis stage
agarose gel it is used to check whether the DNdfegraded or not.

Then the size of bands were measuredsinguhe molecular ladder, but DNA concentratiorstimated
by visually distinguished band density of the extitd DNA with a ladder of known concentration degieg on
the person who works (Semagnhal, 2006).matK showed the highest level of universality perfornbedter in
gymnosperms than in angiosperms, while ITS perfdrmaatively well in angiosperms and detection of
sequence quality indicates that high-quality seqesmwere obtained 60.2% foratK and 58.6% for ITS (Let
al., 2011).

In this studymatKand ITS4/ITS5 have been effectively utilized intigdiguishing morphologically similar
species and in solve the dubious species; furthernmoresolving the controversial between the Papseae
and Fumariaceae by drawing trees.

The phylogenetic tree is a result of phylogeny nstauction, which can be either rooted or unrootadthe

unrooted tree, groupings are detected; it onlyldispthe relationships between the taxons. Whaerttoted tree
involving directionality in time and shows the radaships with regard to an out-group. The choiteuw-group

can be on the basis of the most informative andhtbeal sister group (Michu, 2007).

Utilization of (cpDNA) has been widely applied toderstand plant phylogenies at various taxonomic
levels (Gielly and Taberlet, 1994natkgene which encodes a chloroplast in ttm intron has become more
common for plant molecular systematic because dhise has a comparatively great substitution ratetwh
shows that it may be suitable for systematic stidiclower taxonomic levels (lt al, 1999).matkis a region
that exists universally in land plants and onlgwa £xceptions of a secondary loss or reorganizaijdficke and
Quandt, 2009).

From this study has clarified thaatK highest sequence quality for recovered samples ok
phylogenetically informational sites than ITHB. matk we used NJ, ML and UPGMA analysis. In the three
models, the specids. parviflora was isolated withG. corniculatumwith high bootstrap support in all models
and reached to (100%) in UPGMA model, while speEielensiflorawas a sister group with.tenuifoliumwith
bootstrap support in all models that reached t@4B8%and that these two species are sister groufdo t
P.cylindricum and this support for a monophyletic originFafmariawith PapaverandGlaucium

R. hybridawas a sister group witR. argemonen the trees NJ and ML models with weak bootstrap
support in (50%) and (55%) respectively, while iPGMA model very strong bootstrap support in (98%)
betweenR. hybridaand P .hybridum this agrees with (Kadereit & Sytsma, 1992) anddtet al, 1997) who
placeRoemerianearPapaversec.ArgemonidiunparticularlyP.hybridum

SectionArgemonidiumin genusPapaver shares some character tics wiRoemeria most species of
Papaverhave 3 colpate pollen grains, sestgemonidiumandRoemerighave pollen grains with polyporate, and
the similarity is in capsule morphology. Also, mapecies in the family have sepals with a flagke liobe on
their upper left-hand margin while in seéttgemonidiumand Roemeriathe sepals with this lobe are on the
right-hand margin (Ernst, 1962).

One of the problems noted with ITS wherevearsal primers hampered PCR and sequencing did not
succeed. Our results confirmed that ITS had mininaumplification and sequencing success comparedthéth
matK;, match with what mentioned by ki al., (2011) that ITS region had lower amplificatiomdasequencing
success when compared with the three plastid DNgions ¢bclL, matK trnH—psbA, especially in
gymnosperms.

In ITS4 and ITS5 the present molecular pbghy clearly indicates the monophyly of gefusnaria with
Papaveras shown in Fig. 4. The (NJ) analysis supportetiRlaacteosds nested withirP.cylindricumin clade
5, alsoF.cilicica, and F.densifloragathered with generBapaver Roemeriaand Hypecoum whereas genus
Corydalisis gathered with genetdypecoumandEschscholizén clade 1.

However, in the other trees using (ML) Bigessentially similar results were obtained whichracteosa
F.cilicica, and F.densifloram are nested with genemapaver Roemeriaand Hypecoum But Corydalis
oppositifolianonaffiliated with a specific clade but it was ster species witlCorydalis sp.
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In figs (3 and 4) clades 3 and 4 conseeigtifumaria is sister toHypecoumwith BP 95% and 88%
respectively, while in UPGMA analysiBumaria and Hypecoumare separated into two clades and the
relationship between them is strongly supported®®yBP. Also genu€orydalis with genusHypecoumwere
separated as sister groupdiade 1 in NJ model, Hodadt al, (1997) mentioned in their study that the genera
CorydalisandHypecounfrom the Fumarioidae are closely related on théshafsbcl, atpBandtrnK sequences
and they supported the separation in family Furncaga. In the current study analyzed three specirfiens
P.macrostomumThese similar species were nested in the sande elith the two specimen® fmacrostomum
S) and P.macrostomun) the relation between them are weakly supported sister groug?.macrostomuns
characterized by branched, 15-40 cm and petal$esauith black blotches at the base. From fieldevization
(P.macrostomunT) was distinguished by differing in petals colatleen the white, pink, peach with black
blotches at the base and its distribution restlicteMSU in Qala Chulan village. Whild®>(macrostomun$) is
distinguished by differing in the length rangingrfr 7-12cm and the stems solitary and its distrdyutn MSU
and MRO. Therefore it may be treated as separgdes or at least a subspecies withimacrostomum

Several shared morphological features sagHeaf hispid setose, plant covered with setasg bud
glabrous and capsule oblong-ellipsoid which suptiair affinity. This is based on our results ir6and ITS5
which distinguish these 3 specimens and separaéed &s various species.

In the dubious specid®.cylindericum (herbarium specimens) aré.cylindericumx (collected by the
researcher) they nested in one clade in both tEEBS4/ITS5.Because the overlapping characters between the
species in sectiolliltantha, theresearcher decided to conduwblecular analysis to verify the classification.

Molecular analysis has shown that the diaation of this sample that collected from thejHimran in
MRO was closer to bE. cylindericumRegarding to the speci®ssomniferunit grouped with reference species
of P.somniferunirom NCBI in all trees with various bootstrap whigached to 100 BP imothmatkgene in the
model UPGMA and ITS4/ITS5 in the model ML and tbiigrified that both species are the same.

From this molecular study we noted thereislear overlap between the species of Fumariaaede
Papaveraceae and this shows the monophyly betweme two families, this matches with Kadewital.,
(1994) and Hooet al, (1997) who considerdeumariaas subfamily Fumarioidae in Papaveraceae.
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