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1. INTRODUCTION AND AIMS OF THE STUDY

The aDNA samples extracted from remains of plantsanimals supply unique materials for
the analysis of post-mortem DNA degradation (Broh®99; Threadgold and Brown, 2003),
domestication and microevolution (Salameti al, 2002; Gugerliet al, 2005; Janick and
Paris, 2006). Analysis of aDNAs also provides alcdata concerning crop domestication
events that have occurred during previous centigsilai et al, 2001, 2006; Bacsét al
2004; Bisztrayet al, 2004; Vaugharet al, 2007; Schlumbaurat al, 2008). Sequences of
intact aDNA fragments (Szabgt al, 2005; Lagleret al, 2005; Gyulaiet al, 2006), and
complete genomes (and mitomes) (Coogearl, 2001; Paabet al, 2004) of the extinct

organisms were also reconstructed by tools of amipenetics.

For safe aDNA analysis the most important steigliminate both the exogenously and
endogenously infected seeds, because bacteriahgaf DNA-remains can contaminate the
plant DNA being studied. The surface sterilizats@®ds and incubation for a month in tissue
culture provided optimal aseptic source for aDNAraotion (Tothet al, 2008). Possible

DNA cross contamination from the laboratory invgations was also excluded by this aseptic

treatment.

Fossilized samples oBangiomorpha pubescen@ red alga) from Canada proved that
chloroplasts had developed more than 1.2 billioaryego (Butterfield, 2000). Fossilization
coupled with charcoalification leaved floral morpdgy of ancientNymphaealeperfectly
preserved at a site in Sayreville (NJ, USA) frone tharliest Upper Cretaceous time
(Turonian, ca. 90 million years b.p.) (Crepedt al, 2004). Fossils of basal angiosperms
(Archaefructus spwere also discovered from lower early Cretacqmersod in China (Zhou
et al, 2003). Extinct angiosperm species (eRinus tuzsoniGreguss; synPinuxylon
tarnoczienseTuzson) were identified from 20 million year oldo{ver Miocene) site at
Ipolytarnéc (Hungary) (Andreanszky, 1966; Gregu$¥,2; Erdeiet al, 2007; Hably, 2006;
Siss, 2007).

The aims of the study presented were to analyseDOA fragments and sequences (ITS,
SSR, cpDNA, andcyB gene) of 800-, 600- and 170-year-@drullus specimens together
with a comparison to modern cultivars (1 to 44)hwthe final aim of molecular and

morphological reconstruction of ancie@itrullus genotypes.



2. BACKGROUND AND LITERATURE REVIEW

2.1 Citrullus species

The monotypic genu8itrullus of family Cucurbitaceaas comprised of only four diploid (2n
= 4x = 22; 4.25 - 4.54 x 108 bp; 0.42 pg DNA) spsgiincluding the annual watermelon
(Citrullus lanatug, the perennial colocynth (syn.: bitter appl€jt{ullus colocynthi}, and
two wild species, growing in Kalahari Desert (A&)c the perennial, monoecio@trullus
ecirrhosuswith bitter-tasting fruit; and the recently iddrd, annualCitrullus rehmii (De
Winter, 1990) with pink and olive green spotteddrirmandarin sized non-edible fruits
(Robinson and Decker-Walters, 1997; Sarafis, 182@e and Lang, 2004).

Species watermelorC( lanatu3 comprises two subspecies of domesticated watermgl.
lanatus lanatupswith its green fleshed, wild form growing in Namiesert (Sarafis, 1999),
and its wild ancestral citron melon (syn.: Africesamma) with also white fleslC( lanatus
citroideg (Nakai, 1916; Kanda, 1951; Hanelt, 2001). Donvas¢éid watermelon includes
diverse varieties, cultivars, feral forms, mutaf@g). egusi melonC. lanatus mucospermym
Gusmini et al, 2004) and new crossed hybrids (e.g. the firgdsss triploid hybrid
watermelon developed by Kihara 1951; and the Gshmercial ‘Allsweet’-type hybrid cv.
‘Sangria’ developed by Tom V. Williams, Syngentae&g 1985) (Maynaret al, 2007)

The primary gene centre for watermelon is in SdMist Africa, the domestication might
have occurred in Northern Africa implied by excamas of six thousand (Barakat, 1990) and
five thousand (Wasylikowa and van der Veen, 20@48ryold seed remains. Colocynth grown
as medicinal plant, citron as fodder crop, and dbenesticated watermelon as fresh fruit

production have a history of production in the Wlorl

2.2 Ancient records o€itrullus

The most ancient image of watermelon from Phardaoimb is known form 3,100 — 2,100
B.C. (Old Kingdom) (Manniche, 1989; Janiet al, 2007). Hieroglypf of watermelon is
known from 1,550 B.C. (Warid, 1995). The first frgg of colocynth@. colocynthi¥ (known

in Arabic as handel) were carved into the cedardvadSolomon's temple (960 — 586 B.C.),
which is the only poisonous (medicinal) plant desgd in the temple (l. Kings 6:18a, Bible)

prior to a notes of Exodus from the time 480 yeatier recalling watermelon eaten in Egypt



(1,440 B.C.) (IV. Num. Moses 11:5, Bible). The figgainting of colocynth remained in
excellent color form in the ancient Dioscorides@o@ioscorides 3 cenT., and 512 A.D.)

The Greeks and Romans traveling to Egypt must t@ haown of watermelons probably
without discriminating it from colocynth and citranelon (Cox and van der Veen, 2009).
Pliny 1l. wrote about a ‘wild’ (probably the curreoolocynth) and two types of ‘cultivated’
colocynth (probably the current watermelon) onehwatle green, and the other with grass
green rind, as it has been written: ,,...Another kofdwvild gourd is called Colocynthis. The
fruit is smaller than the cultivated one, and fifliseeds. The pale variety is more useful than
the grass-green one...” (Pliny 23-79 A.D.; Gilmor@19; Blake, 1981).

Six hundred years later, when the Iberian Peninaals conquered by the Berbers (Moors)
led by Tarik lIbn Ziyad in 711 A.D., new watermeltypes might enter Europe as recorded in
the ancient record of Book of Agricuture (Al-Awwarhl158). In this book two cultivated
forms were compared, a black seed type (with deekrg rind which turns black when it
ripens) and a red seed type (with green rind whichs to yellow when it ripens) (Blake,
1981).

By 800 A.D. watermelons became popular in India bBgdl,100 A.D. in China. The first

records of the name of watermelon in Hungariandgddinnye’ means ‘melon from Greece’
is known from 1395 (Finély, 1892). However, thesffirecord on the name melon (‘dinna’) is
known from the 1000’s recorded in an ancient dedié (Szamota and Zolnai, 1902-1906)

without discriminating cucumbers from melons andenaelons.

Watermelon might have also been introduced to Eutbppugh Crusades (Fischer, 1929) led
by either Richard I. the Lionheart (the 3rd Crusaded87-1192), or Endre Il. the Hungarian
King of Arpad Dynasty who led the 5th Crusades {:2221). Watermelon spread through
Europe quickly and became very popular and commoualijvated fruit of the Renaissance

Europe, with the second color illustration on thes€os in the Villa Farnesina, Rome, Italy,
1517 A.D. painted by Giovanni Martini da Udina (#&nand Paris, 2006). Watermelon

reached the New World after Columbus’ second voyadel93 and dispersed quickly among
American natives (Blake, 1981). One of the mostiaricforms of small, round fruit with

thin, green rind, red flesh and black seeds hagvad up to the recent times (Gilmore, 1919).



2.3 Herbarium samples

One of the oldest watermelon herbarium sample @lable from G Bauhin’s (1560-1624)
collections (personal communication, Mark Spencée Natural History Museum, London,
UK), who named itAnguira citrullusabout a hundred year time earlier than Linnaeus. N
watermelon herbarium sample remained from C Linsa@r53) collections, who named
watermelon asCucurbita citrullus and clocynth asCucumis colocynthis(personal
communication, Arne Anderberg, The Linnean Herbarilbwedish Museum of Natural
History, Stockholm, S).

2.4 Ancient Seed remains

The oldest plant remains with proven human actikidye revealed only cereal seeds as wild
barley H. spontaneupand wild emmerTriticum dicoccoidesfrom 19,000 b.p. at Ohalo II.,
river Jordan (Nadeét al, 2004, 2006; Pipernet al, 2004). The 17,310+310 b.p. site in
Korea (Chungbuk National University, South Koreayeaaled the first ancient rice (Oryza
sativa) seed remains with extractable amount of AlBuhet al, 2000).

The first Cucurbit seeds were excavated from thetSpave (Hoabinh, Thailand) including
cucumber typeCucumisseeds at least 9,180 £ 360 b.p. as analyzed by d€Bhmboo
charcoal (Gorman, 1969).

The oldest, 6,000-year ol@itrullus (watermelon,C. I. lanatu3 seeds were excavated in
Helwan (Egypt, Africa), at a site 4.000 B.C. (Baagk1990). About 5,000-year old seeds
were excavated in Uan Muhuggiag, Lybia, Africa fransite 3.000 B.C. (Wasylikowa and
van der Veen, 2004). Large quantity of watermeleads were deposited in the Pharaoh’s
tombs of Pyramids as in Thebes (New Kingdom: 1,5870 B.C.; stored in Agricultural
Museum, Dokki, Giza, Egypt) (Warid, 1995) and ie fwramid of Tutankhamum ca. 1,330
B.C. (Hepper, 1990; Kroll, 2000; Vartavan and Angrd997). Watermelon seed remains
were also excavated from 1,550 B.C. in an old temglar Semna, Nubia (van Zeist, 1983).

Ancient watermelon seeds of the study presente@ wecavated at sites from L&ENT.
(Debrecen, Hungary), and I5CENT. (Budapest, Hungary) (Gyulat al, 2006), and
collected form a herbal seed collection fronff TENT. (Pannonhalma) (V6rés, 1971).



2.5 Archaeogenetics

The aDNA samples extracted from remains of plantsanimals supply unique materials for
the analysis of post-mortem DNA degradation (Broh®99; Threadgold and Brown, 2003),
domestication and microevolution (Gugestial, 2005; Gyulakt al, 2006; Janick and Paris,
2006). Analysis of aDNAs also provides crucial detacerning crop domestication events
that have occurred during previous centuries (Gykblat al, 1992; Bacscet al, 2004;
Bisztrayet al, 2004; Vaugharet al, 2007; Schlumbauret al, 2008). Sequences of intact
aDNA fragments (Szabét al, 2005; Laglert al, 2005), and complete genomes (mitomes)
(Cooperet al, 2001; Paabet al, 2004) of the extinct organisms were also recanttd by

tools of archaeogenetics.

The aDNA (ancient DNA) samples recovered from egbted remains of plants and animals
supply unique materials for tracking domesticat{@ugerli et al, 2005), microevolution
(Gyulai et al, 2006), migration (Dane and Liu, 2006) and thalysis of post-mortem DNA
degradation (Brown, 1999; Threadgold and Brown,30@ numbers of amplifications of
intact sequences of aDNA samples (Szab@l, 2005; Lagleret al, 2005) and complete
genomes (Coopest al, 2001; Paabet al, 2004) of the extinct organisms have also been

reported.



3. MATERIALS AND METHODS

3.1 Seed samples:

800-year-old seed remains of watermel@itr(llus |. lanatu3 were excavated at a site from
the 13" CENT. (Debrecen, Hungary). In total, 95,133 seéd2@6 plant species were
identified. Of them 251 watermelon seeds were detexd. The 600 year-old seeds were
excavated at a site from the™BENT. (&" well, Mansion Teleki, King’s Palace of Arpad
Dinasty, Buda Hill, Budapest, Hungary) (54,415 waielon seeds in total) (Gyulat al,
2006). Sediment samples were processed by seddgsarid identified in the laboratory
according to Schermann (1966). Thé"IOENT. (ca. 1836) seeds were collected from the
oldest botanical seed collection of Hungary (Pahatma) (Vorés, 1971). The collection is
recently exhibited at the Hungarian Agricultural $¢um, Budapest (Hungary) (Hartyanyi
and Novaky, 1975). For comparative analysis, féoty- modern Citrullus species and

varieties were included.

3.2 Elimination of contaminations:

Ancient seeds were surface sterilized by washinl wigular detergent (for 3 min) and rinsed
three times with distilled water (for 3 min) folled by soaking in ethanol (70% v/v for 1
min) and a bleaching agent (8% NaOCI w/v, for 1)mirth a final rinses with sterile distilled
water according to general aseptic culture teclen{@yulaiet al, 1992). Aseptic seeds were
incubated for seven days in tissue culture medialitninate seeds contaminated either by
bacteria or fungi (Gyulagt al, 2006). Exogenously and endogenously contaninseeds
infected by fungi and bacteria were eliminated friurther analyses. Seeds of the modern

varieties were also surface sterilized.

3.3 aDNA extraction:

Aseptic seeds were ground in an aseptic mortar hgthd nitrogen followed by the DNA
extraction with CTAB (cethyltrimethylammonium brota)) protocol according to Bisst
al.,(2003), Yang, (1997) and Cooper and Poinar, (ROD@e aDNA isolation was carried out
in a laminar air flow cabinets of archaeobotaniablof the St Stephanus University, Godoll
Seed DNA of modern cultivars (0.1 g) was also etée in CTAB buffer, followed by an
RNase-A treatment (Sigma, R-4875) for 30 min atG37A each case. The quality and
quantity of extracted DNA were measured |(B by a NanoDrop ND-1000 UV-Vis

spectrophotometer (NanoDrop Technologies, Delaw&8A — BioScience, Budapest,



Hungary). DNA samples were adjusted to concentmatd 30 ngil with ddH20O and
subjected to PCR amplification (Gyuktial, 2006).

3.4 ALF- SSR analysis:

For nSSR (nuclear microsatellite) analysis twelvinpr-pairs were used (Table 1). After
amplification, aliquots (2ul) of PCR products were separated by ALF (autombser
fluorometer; ALFexpress Il DNA Analyser; Amershano&ience, Uppsala, Sweden - AP,
Budapest, Hungary) according to Roeeml, (1998), Huangt al, (2002) and Gyulagt al,
(2006).

Table 1.Primer sequences applied for nuclear SSR analysis

# | Loci Primer-pair sequences References

1. |cmrcs1 | @ttggggtiictiigaggga Katzir et al, 1996
ccatgtctaaaaactcatgtgg

*atcattggatgtgggattctc

2. |CmTC 168 Katzir et al, 1996
acagatggatgaaaccttagg

3. |CMACC 146 |C&ccaccgactactaagic | 1 o1 51 1996
CgaCCﬁaaCCC&tCCgataa

4. |Bnglzzg | ccadccgtatcageatcage g e a1 1997
gcagagctctcatcgtcttctt

5. |Bngl1182 |9dccticcagecgcaaccet Smithet al, 1997
cactgcatgcaaaggcaaccaac

6. |Bngl1e1 | dctitegieatacacacacatica | gy o a1 1997

atggagcatgagcttgcatattt

7. |Phi121 aggaaaatggagecggigaaccal o ot o1 1997
ttggtctggaccaagcacatacac

atcggatcggctgecgtcaaa

8. |Phi118-2 Smithet al, 1997
agacacgacggtgtgtccatc

9. |cl1-06 caccctectccagitgieattcy | 5, et g1 1997
aaggtcagcaaagcggcatagg

10. |Cl 1-20 cgcgegtgaggaccctata Jarretet al, 1997
aaCCgCthaatcaatth

11. | cl1 2-23 gaggeggaggagitgagag | 5, aiet g1 1997
acaaaacaacgaaacccatagc

12. |Cl 2-140 ctitttetictgattigactgg Jarretet al, 1997

actgtttatcccgacttcacta

PAGE gel (24 %) using a short thermoplate with dgles capacity, was run by 850 V, 50
mA, 50 W at 50C for 120 min, prior to UV-linkage for 15 min undReproSet. One primer

of each primer pair was labelled by Cy5 fluoresahm at the 5’-end (Sigma, St. Louis, MO).
For sequencing, the left aliquots of PCR produéty) were run and cut out from agarose
(1.6 %) gel, purified in a spin column accordingthe manufacturer’s protocol (Sigma, St.

Louis, MO).
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LycB gene lycopenep-cyclasg gene were probed by primer pairs designed byniered’
program based on the sequences of (NCBI EF18352P F&183521) Bangt al, (2007)
(Table 2).

Table 2 Primer sequences applied foyB gene analysis

# | Loci Primer pair sequences Reference

1 |Low o |catctcater
9 grgagiggiggagy Banget al, 2007
aatgatggtgtgaccattcaag
cttacaatccaggctaccagg

The cpDNA were probed at two loci trnaVAL-rps12 @X0307; Al Jabanet al, 1994) and
ycf9-orf62 (AY522531, ay522537 and AY522539; Dand &iu, 2007) (Table 3).

2. |LCYB 1134

Table 3. Primer sequences applied for copDNA

# | Loci primer-pair sequences References

1. |clpl2 agttegagectgattatecc Al-Janabiet al.,, 1994
gatgaacgctggcggcatgc

aattagagggaggggtctcttgc

ataataggctagctctgcactgatg

2. |ycf9 Daneet al, 2004

For ITS analysis primers complementary to the enahary conserved spacer regions of the
nuclear ribosomal (rDNA) gene cluster of ITS1-518S2 (internal transcribed spacer) were
used. Primer pairs were designed by ‘Promer-3’ mwog based on the sequences of
AJ488232 (Hsiaet al, 1995) (ITSL and ITS4): ITS L: 5’-cgcgtttacaaaatigtcc-3’; ITS 4/1.:
5’-acactacggtggttgatccg -3’; ITS4/2: 5’-gtcccccaggatgacgce-3’

PCR amplification: Hot Start PCR (Erligt al, 1991) was combined with Touchdown PCR
(Donet al, 1991) using AmpliTag GoldTM Polymerase. Readiarere carried out in a total
volume of 25 pl containing genomic DNA of 30-50 rigx PCR buffer (2.5 mM MgClI2),
dNTPs (200 uM each), 20 pmol of each primer andW & Taq polymerase. Touchdown
PCR was performed by decreasing the annealing tetype by 1.0°C / per cycle with each
of the initial 12 cycles (PE 9700, Applied Biosys®, followed by a ‘touchdown’ annealing
temperature for the remaining 25 cycles at’66or 30 s with a final cycle of 72 for 10
min (transgene detection) and hold &C4 The regular PCR cycles developed for prokariotic
CpPDNA (Demesureet al, 1995; Daneet al, 2007) were performed as follows: initial
denaturing step at $€ for 5 min, followed by 35 cycles of € / 1 min - 55°C / 1 min - 65
°C / 2 min, followed by a final extension step at®65for 10 min and hold at %C. A negative

control which contained all the necessary PCR comapts except template DNA was
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included in the PCR runs. A minimum of three indegent DNA preparations of each sample
was used. Amplifications were assayed by agaros8 %, SeaKem LE, FMC) gel
electrophoresis (Owl system), stained with ethidibnemide (0.5 ng/ul) running at 80 V in 1
X TBE buffer. Each successful reaction with scogabands was repeated at least twice.
Transilluminated gels were analyzed by the Chenaijer v 5.5 computer program (Alpha
Innotech Corporation - Bio-Science Kft, Budapestynbary). A negative control which
contained all the necessary PCR components exeeytidate DNA was included in the PCR
runs. Fragments were purified in a spin column rf&ig5-6501) according to the

manufacturer’s protocol and subjected for sequencin

Sequencing: PCR fragments were isolated from tlaeosg gel with a spin column (Sigma,
56501) and subjected to automated fluorescent Déisncing (ABI PRISM 3100 Genetic
Analyzer, Applied Biosystems, Hungary). Multiple gdence Alignments (MSA). MSAs
were carried out by either BioEdit Sequence Aligntmigditor (NCSU, USA) (Hall 1999),
CLUSTALW (Thompsonet al, 1994) software programs or the on-line MULTALIN
computer program (http:// npsa_pbil.ibcp.fr/cgibpga_automat.pl?page=/
NPSA/npsa_multalinan.html). BLAST (Basic Local Aligent Search Tool) analysis
(Altschul et al, 1997) was carried out by a computer program GBN(National Center for

Biotechnology Information).

Distance trees based on DNA sequences were editedher MEGA4 (Tamura&t al, 2007)

program. For MEGAA4 the following steps were appliBdotstrap Test of Phylogeny (1000);
Neighbor-Joining; Gaps (Complete deletions); Sultstn model (Nucleotide Maximum
Composite Likelihood) according to Tamuet al, (2007). Diagrams were edited by
Microsoft Office Excel program (9625 West 76th 8treEden Prairie, MN 55344, USA).
Cluster analysis was carried out by either or MEGA4muraet al., 2007) or SPSS-11
program package using the Jaccard Similarity Ifdegcard, 1908) (Average Linkage, within

group) based on the presence versus absence dl@&R and nucleotides of DNA.

Data analysis: PIC value (polymorphism index cot)teheach SSR was calculated using the
formula of Andersoret al., (1993): PIC = 1 2 n-ipi2, where pi is the frequency of the ith

allele. Cluster analysis was carried out by the SRS program package using the Jaccard
Similarity Index (Jaccard, 1908) (Average Linkagethin group) based on the presence

versus absence of SSR alleles.

12



4. RESULTS AND DISCUSSION

4.1 Morphological evidences

Watermelon seeds excavated at both medieval Esaged to be extremely well preserved
(Fig. 1) due to anaerobic conditions at site Debmegd3" CENT.), and in the slime of a deep
well in Budapest (18 CENT.) (Gyulaiet al., 2006). The herbarium sample seeds form the
19" CENT. were stored under precise conditions insytastainers (Voros, 1971).

Figure 1.Seed morphology (groups and individuals) of artcgeds Citrullus I. lanatug from the
13" CENT. (Debrecen, Hungary); T5CENT. (Budapest, Hungary) and "L&ENT. Citrullus |.
citroideg (Pannonhalma, Hungary) (scale bar 1cm)

4.2 Microsatellite evidences

Microsatellites (SSR) of nuclear DNA (nDNA) analysevealed a sum of 701 fragments of
23 SSR alleles at 12 SSR loci among the medie&ll ¢hd 18" CENT.), 19' CENT. and
modern Citrullus specimens. Molecular dendrogram (fig. 2) based n@BR fragment
diversity loci revealed that ¥3CENT. sample (# 45) showed close genetic simylatat
modern watermelon cv. ‘Kecskeméti vh’' (#36) and ' CENT. sample (Budapest)
showed close similarity to cv. ‘Csardaszallas’ £4.1As expected from seed morphology, the
19" CENT. Citrullus showed close molecular similarity to modern citnmelons C. I.
citroides (# 4-6) with white flesh color.

Allelic diversity of microsatellites were reliabljetected in aDNAs of 300 — 1,100-year old
seagrass Hosidonia oceanida (Raniello and Procaccini, 2002). SSRs were used t
morphologically reconstruct 600-year old mel@u¢umis staivys(Szaboet al., 2005) and
millet (Panicum miliaceuin(Lagleret al.,2005; Gyulaiet al.,2006). SSR analysis was also
applied to herbarium samples of common rd@ldafgmites australisof about 100-year-old

to track plant invasion in North America (Saltoitistz003).

13
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Figure 2. Molecular (SSR) dendrogram (SPSS 16) of curremtetras of colocynth Citrullus
colocynthis # 1-3), citron melonCitrullus lanatus citroides# 4-6) and watermelorCitrullus lanatus
lanatus # 7-44) compared to archaeological and herbasamples (# 45-47)

4.3 cpDNA and ITS analysis.

Chloroplast genome specific primers provides higidgsitive methods for analyzing cpDNA
in the total DNA samples without using the formedibus ultracentrifuge separations (Al-
Jabaniet al.,, 1994; Demesureet al., 1995 ; Daneet al., 2007). The level of SNP
polymorphism of cpDNA in plant species varies framh as in pearl millet Rennisetum
glaucun) (Gepts and Clegg, 1989), compared to low levedapbean Glycine soya (Xu et

al., 2002), chestnutQastanea sativa(Fineschiet al.,2000) and peaP{rus ssp.]Katayama
and Uematsu 2003), with high polymorphisms in whleet Beta vulgaris ssp maritin)a
(Forcioli et al.,1998) and several tree species such as Prunusa(iiatt al.,2001) and olive
(Olea europaeaBesnardet al., 2002). Citrullus species were found to also have high SNP
polymorphism with 6 SNP (1.73 %) along the tRNA-VALps12 sequence (346 nt) (fig. 3).
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Figure 3.Sequence analysis of cpDNA tRNAVal - rpsl2 loci of current varieties of colocyntRirullus colocynthis # 1-3),
citron melon Citrullus lanatus citroides# 4-6) and watermelorC{trullus lanatus lanatus# 7-44) compared to archaeological and
herbarium samples (# 45-47).



The morphological reconstruction revealed thdf CENT. watermelon might have been a
red flesh type (carrying the homozygote recesslhea of lycb/ lycb gene) with green rind
similar to modern watermelon cv. ‘Kecskeméti vh36¥ (based on SSR similarities). The
15" CENT. watermelon might have been a yellow fleshetycarrying the homozygote
dominant alleles of lycB/ lycB gene) with stripeithd similar to modern watermelon cv.
‘Csardaszallas’ (# 14) (based on SSR similaritids).expected from seed morphology, the
19" CENT. Citrullus showed close molecular similarity to modern citnmelons (C. I.
citroides) (# 4-6) with white flesh color (based 8&8R similarities). The ITS-analysis of
rDNA supplied a further watermelon-specific markgr separating watermelon€.(lanatus
lanatug from citrons C. lanatus citroides and colocynths . colocynthis The rDNA
sequences of modern cultivars of colocynth (#1eB)pn melons (#4-6) and the 19th CENT.
Citrullus showed the same SNP pattern at the ITS1-5.8S-Id&®, however modern citron
melon cv. ‘De Banat’ (#5) was found to carry a watelon-specific rDNA allele at
heterozygote form, which might indicate an evoloéiy step from bitter tasted citron
towards watermelons. In contrast, modern watermeloriT Urkeve’ (#20) was found to carry
a citron-specific rDNA allele at heterozygote formhich indicates that watermelon cv.

‘Turkeve’ (#20) is the most ancient watermelon tgpeong the accessions studied (fig. 4).
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4.4 Reconstruction of Flesh and Rind types

Flesh color of watermelons varies from white togwl- canary yellow - salmon yellow and
orange mainly due to pigment compositions of xapliytls. The pink - red - purple colors
varies mainly due to pigment compositions of lyaoge Genes coding for white flesh color
(w) were QTL-mapped (quantitative trait loci) onr@mosome (syn.: linkage group) 6
(Hashizumeet al., 1996). Genes responsible for yellow and red celere mapped on
chromosome 2. These gene loci indicate differeantsition colors between yellow and red
(canary yellow, pale yellow) (Hashizune al., 2003). QTL responsible for red flesh color
had another locus on chromosome 8. This locus sth@eeetic linkage with QTL for high
sugar (brix value) content (Hashizumteal.,2003). This result strongly indicate the reason of
over numbered red flesh watermelons compared ttvard with white and yellow flesh
colors, as selection for sweeter watermelons dudomestication has been coupled with
selection for red flesh color at the same time [tasneet al.,2003). Further genetic loci for
color determination were recently determined, ngm€l (red, dominant), yo (orange,
recessive), y (salmon yellow, recessive), C (canyatlow, dominant) and c (red, recessice),
respectively (reviewed in Bargg al.,2007).

The enzyme LYCBIycopenes-cyclasg encoded by lycb gene play a central role in plant
color development by converting lycopene to caroigs with ring structure. SNP (single
nucleotide polymorphism) markers in lycb gene, \Wwhdaiscriminates yellow and red flesh
watermelons were developed recently (Bahgl.,2007).

The SNPs at the 118base pair (bp) were also found to be A=T (AderirEhymine) in all
CY (canary yellow) watermelons with homozygote daamt (lycB/lycB) genotype.
However, all red flesh watermelons hae@ (Guanine= Cytosine) bp at the 1182bp
indicating a homozygote recessive genotype (lycbjlyThe heterozygotes (lycB/lycb) also
encodes for dominant CY flesh type carrying botbles (T=A and G= C). No heterozygote
was found in the samples studied. The other SNRea518' nt (Banget al., 2007) with the
opposite way of substitutions &C in canary yellow, and T=A in red) were also fdua be
identical. Amino acid sequence analysis of LYCByene revealed that this SNP resulted in
an aminoacid substitutios from Ph to Val at the"™2@ino acid locus, which might be impair

the catalytic function of lycB gene (Baegal.,2007).

The 19" cenT. (#47) and 18 CENT. (#46) samples and all modern colocynths (fLifons
(#4-6), and yellow flesh watermelons (# 7-14) hhd homozygote dominant CY-allele at
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both SNP loci of lycB gene with=& bp (base pair) at the 51&t, and T=A at 1182nt,
respectively. The 8CENT. (#45) sample and all red flesh modern wagéons (# 15 - 44)
had the recessive homozygote allele (lych) at SMP loci with T=A at the 518nt and G:C

at the 118% nt, respectively (fig. 5). Red flesh watermelompegred also in the painting of
Still Life with Melons and Carafe of White Wine (@8 A.D.) painted by Caravaggio (Janick,
2004; Janicket al., 2007). No colocynths and citrons were found wigd rflesh color

indicating that the recessive

allele of Iycb gene

@ EF183521

developed later during the =

.77

domestication.

Figure 5. Molecular (ycb)
dendrogram (MEGA 4) of
current varieties of colocynth
(Citrullus colocynthis# 1-3),
citron melon  Citrullus
lanatus citroides # 4-6) and
watermelon Citrullus lanatus
lanatus # 7-44) compared to
archaeological and herbariun
samples (# 45-47).

Watermelons fruit shapes are round to cylindritkdexpectedly, the most ancient, 5000 year
old record in Pharaohs tomb (3.100 — 2.100 B.Cd, Kihgdom) shows not a round but an
elongated watermelon with green strips (MannicH#891 Janicket al, 2007). Fruit rind
(exocarp) color varies from pale green to dark greath or without whitish strips, or small

whitish spots.

The most ancient European color wall paintings Qd5how watermelons with pale green
rinds (Janicket al, 2007) which indicate an ancient rind type, &Td. locus (gs) responsible
for dark-green rind was found to be dominant over light-green rind (Hashizunet al,
2003).
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SUMMARY

Watermelon seeds excavated at both medieval siggz&d in the study presented appeared
to be extremely well preserved due to anaerobiditions at site Debrecen (1ZENT.), and

in the slime of a deep well in Budapest {I6ENT.) covered by water, apparently used as
dust holes in the Middle Ages (Gyuktial, 2006). The herbarium sample seeds form tffe 19
CENT. were stored under precise conditions in gtassainers (Vorés, 1971).

Molecular dendrogram of the study presented basefbé SSR fragments in total identified
at eleven nuclear microsatellite (nSSR) loci resdahat middle age samples show close
lineages to ancient varieties currently growingHangary with red flesh colour. Allelic
diversity of microsatellites were reliably deteciadaDNAs of 300 — 1,100-year old seagrass
(Posidonia oceaniga(Raniello and Procaccini, 2002). SSRs were usetharphologically
reconstruct 600-year old melo€ycumis melp (Szabdet al, 2005a) and milletRanicum
miliaceun) (Lagleret al, 2005; Lagler, Gyulaet al, 2006). SSR analysis was also applied to
herbarium samples of common redehérgmites australjsof about 100-year-old to track
plant invasion in North America (Saltonstall, 200Results of seed morphology correlated
strongly to molecular results. The™314" CENT. sample (Debrecen) showed similarity to
cv. ‘Kecskeméti voroshéji’; the Y5CENT. sample (Budapest) showed similarity to cv.
‘Belyj dlinnij’ (# 12). These results also reflettte preferential cultivation of red flesh — and
not yellow flesh- watermelon in the Middle Age olukbary. Red flesh watermelon also
appeared in the painting of Still Life with Melolasd Carafe of White Wine (1608D.)
painted by Caravaggio (Janick, 2004; Jargtkal, 2007). Molecular data obtained might
provide further tools for watermelon breeders. Thé0-year-old herbarium sample
(Pannonhalma, Hungary) showed close molecular aiityilto citron melonCitrullus lanatus
citroideg cv.‘Ujszilvas’ which reflects the importance oitron melon as fodder in the

Middle-Age Hungary.

Watermelons are divided into several morphologiggés; based on fruit weight as personal
size with to 2.7 kg / 6 Ibs, icebox type to 6.8 glbs, and picnic type above 6.8 kg/15 Ibs.
Fruit shapes are round to cylindrical. Unexpectettilg most ancient, 5000 year old record in
Pharaohs tomb (3.100 — 2.100 B.C., Old Kingdomgashnot round but elongated fruit with
green strips (Manniche, 1989; Janiekal, 2007). Fruit rind (exocarp) varies from thin to
thick and brittle to tough with colors from paleegn to dark green, with or without whitish
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strips, or small whitish spots. The most ancientogaan color wall paintings (1517) show

watermelons with pale green rind (Janetkal, 2007) which indicate an ancient rind type, as
a QTL locus (gs) responsible for dark-green rindg vi@und to be dominant over the light-

green rind (Hashizumet al, 2003).

Flesh color of watermelons varies from white; tdéloxe - canary yellow - salmon yellow -
orange mainly due to pigment compositions of xapliytls. The pink - red - purple colors
mainly due to pigments of lycopenes. Genes codangwihite flesh color (w) were QTL-
mapped (quantitative trait loci) on chromosome (slinkage group) 6 (Hashizumet al,
1996). Genes responsible for yellow and red colerenmapped on chromosome 2. These
gene loci indicate the transition colors betweelloyeand red (canary yellow, pale yellow)
(Hashizumeet al, 2003). QTL responsible for red flesh color hadbther locus on
chromosome 8. This locus showed genetic linkagen ViXTL for high sugar content
(Hashizumeet al,, 2003). This result strongly indicate the reasbover numbered red flesh
watermelons compared to cultivars with white andloye flesh colors, as selection for
sweeter watermelons during domestication has beapled with selection for red flesh color
at the same time (Hashizumeal., 2003). Some further genetic loci for color detegration
were recently determined by breeding tools (cr@sinnamely Y (red, dominant), yo
(orange, recessive), y (salmon yellow, recessi@ejcanary yellow, dominant) and c (red,

recessive), respectively (reviewed in Baat@l, 2007).

The enzyme LCYBIycopenep-cyclasg encoded by Icyb gene play a central role in plant
color development by converting lycopene to caroigs with ring structure. SNP (single
nucleotide polymorphism) markers in Icyb gene (NE&BI183521) were which discriminated
yellow and red flesh watermelons (Baeg al, 2007). The 18 CENT. and 1% CENT.
samples along with modern colocynts, citrons, andem (# 7-15) yellow flesh watermelons
(Citrullus lanatus lanatusshowed CY-type SNPs at both loci 81@=C) and 1189 (T=A)

of lcyb gene. The I8 CENT. sample and all red flesh modern watermei@hd6 - 44)
showed the red-type SNPs at both loci 518=A) and 1189 (G=C) of Icyb gene. No

colocynts and citrons were found with red fleshocol
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