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PHYTOPATHOLOGY PROBLEMS I N VAVI LOVO
RESEARCH ACTIVITIES

M. M. Levitin
All-Russian Institute of Plant Protection, Saint Petersburg, Pushkin, Russia,
e-mail: mark_levitin@rambler.ru

Summary

In all of his research activities, N.Vavilov paid much attention tphytopathology problems. In
his studies he touched on many topical issues of phytopathology, such, for example, as the differentiatio
of parasite sp@es on physiological races, the genetics of parasites and appearance of new races
Formation and development of domestic phytoimmunology is intimately connected witNavilov's
name. He performed extensive research allowed a large number ofszangdds to be characterized on
the basis of their resistance to pathogens. He considered the creation of grain cereal cultivars resistant
fungal diseases to be one of the major goals of modern selection of agricultural crop&vNov's
works creatd the theoretical basis for development of phytoimmunology of plants as a part of
phytopathology for many years forward. INVavilov's ideas were further developed in works by
P.M. Zhukovsky, TD. Strakhov, M.S.Dunin, E.E.Geshele and many other gsto eminent
phytopathologists and breeders. These ideas continue to live on and develop in works of scientists of th
All -Russian Institute of Plant Protection.

Key words: phytopathology, immunity, selection
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QUESTIONS OF N.I. VAVILOV INTRODUCTION POLICY IN RELATION
WITH POLITIC CRITICIZM OF HIS OPPONENTS

E. V. Truskinov
N. I. Vavilov All-Russia Research Institute of Plant Industry,
St. Petersburg, Russiansail: truskinov@yandex.ru

Summary

Critical articlestargeted against N. I. Vavilov and his works that appeared before and still appear
in scientific and nosscientific literature cannot undermine his great contribution to theoretical and
applied foundations of botany, genetics and crop breeding. Thisoigrak as far as plant introduction is
concerned, as he really was the founder of this branch of science in our country. The modern system c
collection, conservation and use of the introduced material is generally based on his concepts, theorie
ideas ad practical efforts that helped to establish the global collection of cultivated plants and their wild
relatives at VIR.

Key words: introduction, collection, potato, breeding
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PECULIARITIES OF TOBACCO MORPHOGENESIS

K. 1. Ivanitskii, |A. F. Buchinskii, [Y. F. Sarychey
All -Russian Research Institute of tobacco,
makhorka and tobacqwoducts Krasnodar,

Russia,j-mail: vniittil@mail.kuban.ru

Summary

Largetaxonomic groups of tobacco are determined by mathematic methods. Stages, conditions
are analyzed and zones of formation tobacco macro groups are specified. Potential scheme c
phylogenesis in primary centers of tobacco growing is built.

Agroecological diection of morphogenesis in secondary centers of tobacco growing is presented.
Industrial demands towards tobacco quality cause intraspecific selection process of this plant.

Key words: tobacco, taxonomy, sorts, tobacco macro groups, phylogenesis, mosiggene

[ dzv ftsorh jdedw 1 WWjClsdodatsisd d EkEMSC stej dzd
M dzj S ydtsdzdzgOY HtosctcOBBO IstejBlZjls dROEZJqUdY ©LOL
Yyd dzj dzOf tcOo dzj dzdztse s d M sdz! L s Oded v .

]l dzOfmlstswhijftigtspdejd® dhMertsHdsEts &GOl to'd®@EZD d
MowrLd M d sBatsHdBsMIs 8 L dzOydlsy dz' dese s ko j dzd 1
Mtstclsseo IsOB OC 0.

4 dztsy dztsfyls ! d Bl Jd&3 fMmMlsOodzj dzdzr = f jtejH M,
tcOLodlsdw, i tod d3d dzj dzd W Isj sted d d Bj stsH B9, C
sB glgo Odzdets] My tsdz! L B89 Odedj o dzzlstcdo dqHtBsaBE s f BIS

19


mailto:vniitti1@mail.kuban.ru

ltetsctej M Mot d3j dedes?2 Mj dzi Cydd IsOBOC O ftsB
tod MztemMtse Ctodzdzj Cydsdzdzsets G j desW sdzn O, Ctslstster 2
60 MisttOdz B LO.

{Hddd@ dL Ist] g sy Ozl X @& sifon " MaesddpPls Ztese | d
Ckdzso dw d3 oL Hj dzf & Odzad W .

1 O)ydgr &3 dhstsydd S oOodkd cjdjilsduyuimMéts?2 OHOfIO
1 Iss Moet2Mmlsats o ftotsyj M Hdzd Is j dz! dgts? 1 o Sdz¥ 1
Ckdz skzter . [ des e sydi@zj dady s H@Ezdzlsjs, Z ylss IsOB O
JtedCOodmMStsds Ctsdalsddzj dzglsi o Isjyjdedd Hdzdlsj d
ot d3j dedz’ |§ sjtetcdlststedd [ JSMmde<d, AJj dzlstcOdz' dz
dz' b j 2 YOimdgidtc hO@EeMS se s € tsdzlsd dzj dzls ©.

J sdzseo z MEa®B i gded v  Sdztsy § dz dHid d ftedc
H Wi tcd depddQ PP sls @dkd@ ojd dzfs o ' 3, Colstster j fMotsHW
tc Bas®L djJ Istcj B tso Odzdi],dztstotg jCHS dy odzvC jzdgr! As Z te dzf 3 to !
d dzOf 0o dzj dzd §j ( n'dzb s gt BHENOOL 59 Ols j dz

1 sLdzO0dzd ] L OSCtdesdzj tedesMmisj 2 o dzzlstcedo dHBso B2
dLizyjdedd oBLdzdCdzso jJdedWw ff jteor a WBteds d o oteC
tcOL detstsBtcOL dj .

Asted3tstsBtcOL ts9 Ols j dz' dz" 2 ftotsyj Mg Is OBESCEDS d ¢ O3
dmststeafE dzzdyOj s Isted S Oyj Mlso j detipts tslsdzd ydz' = ¢ j ted

a3
s
s
q
0]

w
w
L

( =)
1. Hepeuunstii nepuod popmoodpasoBareibHoro npouecca (JoxorymM00BcKIii nepio):
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2. Bmopuunsuii nepuod popmoodpasoBartebHoro npomecca (IocaexomyM0oBeKiii nepox):
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Summary

The articlepr esents the study of | ocal accessions
genebanks and the VIR collection by DNA markers and phylogeographic analysis. A scheme develope
on the basis of such studies features domestication of Eurasian cepsahnd their introduction into
agricultural practice. A significant role of the VIR collection in solving phylogenetic problems is shown.

Key words: domestication, phylogeographic analysis, DNA markers, genebank, VIR collection.

The worldwide distributon of our major crop plants today is mostly a result of crop
breeding programmes and modern trade networks. However, current crop distributions also hav
roots deep in prehistory. A topic of great interest to archaeologists and botanists alike is where
andwhen our major crop species were domesticated, how and when they were adopted by earl
farmers, and how and by what routes these crops spread from their centres of domestication. Th
paper aims to show how the genetic analysis of the crops themsethading those held in the
VIR collection, are can help us answer some of these questions.

Nicolai Vavilov was a visionary botanist who had great foresight in collecting crop
0l andracesd and their wild rel at iimperanced aso m
reservoirs of g e n et i-wide ddllectmms i culyvated Ylants ilaid dhe 6 s
foundation for the future improvement of crop plants and formed the basis of one of the largest
and oldest seed banks in the world today. Vadlev col | ecti ons al so f
theories on the origin of cultivated plants, namely that centres where crop diversity is greatest ar
where those particular crops were domesticated.

In recent years a novel use of crop landraces and wild amopstors has become an
increasingly prolific area of study. The premise is that crop landraces may retain an ancien
genetic signature that reflects the domestication history of the crop and its route of spreac
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outwards from its centre of domesticatio®tudying genetic diversity through space in these
landraces, and wild ancestors in their proximity, is increasing our understanding of crop
domestication and the spread of agriculture, and the acquisition of various traits involved in
environmental adaptian and the role of human selection in current distribution of phenotypic
variants within crop species. In this review paper we aim to show how studies of crop landraces
and, additionally, herbarium and archaeological specimens, have helped us undeestdaye
guestions. We shall do this by presenting our research in three case studies.

What sorts of evidence do we have for the spread of agriculture?

Once agriculture became established at its point of origin, it subsequently spread to
neighbouringegions, and eventually across continents. The arrival of agriculture in new regions
can be evidenced by the appearance of artifacts such as grinding stones and ploughs
archaeological sites. Flotation of archaeological sediments allows the recoverianof p
macrofossils such as seeds or rachis fragments. Morphological analysis of these plant remair
can determine whether the seeds are from wild or domesticated plants, and can often identify th
species or even subspecies of the plant. Plant microfessitsas pollen grains, phytoliths and
starch grains can also signal the arrival of particular crops in an area. Another method that i
commonly used in studies of the spread of agriculture is stable isotope analysis of human an
animal bones. This methodr reveal information on shifts in diet that can signal changes in
subsistence patterns, for example, from hug&thering to farming particular crops, and from
eating broomcorn milletRanicum miliaceuim which is a C4 plant, to eating wheat and barley,
which are C3 plants (e.g. Liu et al., 2012). The development of accelerator mass spectrometr
(AMS) radiocarbon dating has meant that only a small amount of material is needed for dating.
and thus archaeological seeds themselves can be dated, giving uaateaatate for the
appearance of particular crops at a locality. Finally, another source of data is crop
phylogeographic studies, the study of genetic diversity in space and time, which is the focus o
this paper and is discussed below.

Plant genetic resarces useful for phylogeographic studies

i. Crop landraces

The most plentiful sources of material for phylogeographic studies are living crop
landraces. These are mostly found in germplasm collections, such as the one at the VIR, and
smaller number arlound growing in situ. Firstly, we need to understand what a landrace is and
show how their unique genetic diversity can help us understand crop movements in prehistory.

The precise definition of a landrace is a matter of some debate in the research
community. However for the purposes of this study, landraces can be defined as cultivated plant:
whose seedorn is habitually acquired, either from the previous harvest or from the kin network,
rather than from a commercial market. Landraces have possiblycoéemmted in the same
locality for many hundreds or even thousands of years, since the initial establishment of
agriculture in that region. Landraces would have been maintained by continual regeneration o
seed by local farmers and are well adapted ¢allenvironmental conditions. It is consequently
often the case that crop landraces can contain an ancient genetic signature that may reflect tl
earliest crop movements during prehistory. By contrast, commercially acquired cultivars
typically have diversgenetic input from geographically dispersed source populations, and are
generally regenerated remote from the growing environment. Commercially acquired cultivars
are therefore not suitable for crop phylogeographic studies aimed at investigating peehistor
movements of crop species, since they reflect changes in agricultural practices and crop diversit
occurring during the 20th and 21st centuries (Jonak,&008 Lister etal., 2009).

Our previous work has shown that in Western Europe, landrace distribution is very
patchy, and most landraces today in germplasm collections come from mountainous regions (e.f
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many of Vavilovdos collection trips samrithe t c
Caucasus). This partly reflects the high levels of genetic diversity found in mountainous habitats
which is of considerable interest to plant collectors, and hence more collections were made. It i
also the case, however, that landraces were iilgly to persist in mountainous regions where
mechanized agriculture and modern cultivars were unlikely to reach. In addition,, the patchy
distribution of landraces reflects the failure to collect landraces were before their demise,
perhaps because thénportance was not recognised (Joneal.et2008). In some areas of the
world landraces persitbday;these are also in general hilly and remote regions where traditional
agricultural practices are still use. This in situ conservation of landracegnsas being an
important addition to ex situ conservation in germplasm banks.

For phylogeographicstudies seeking to determine the routes of spread of particular
domesticatewell-provenanced landrace material is sought wherever possible. For finer degrees
of resolution of migration routes, ideally collection data will have recopiediselatitude and
longitude, or at least the names of the nearest town or village, titettd sollection, as well as
the date of collection. Information about other parameters such as altitude would be desirable &
well, Unfortunately, many extant landraces used in recent phylogeographic studies of the sprea
of agriculture are constrained kack of locational information, with just the original country of
origin (or at best province) recorded. This may reflect lack of information recorded at the time of
collection, or loss of records at a later date.

Examples of crop phylogeographic studesing landraces and their wild ancestors
include a study of barley by Saisho & Purugganan (2007), which showed amesasiplit in
Old World barley landraces where European and North African barleys were most likely derived
from barley domesticated ihe Fertile Crescent region and more easterly barleys were likely to
have originated from barley domesticated in a second location, more easterly location. The stud
by Oliveira etal. (2012) of tetraploid wheat landraces in the in the Mediterranean Bagjasis
a dynamic history of introduction and extinction of different genotypes in the region during
history and prehistory. Molina at. (2011) demonstrate a single origin of Asian domesticated
rice at approximately 8,200 to 13,500 years ago, which issisent with known
archaeobotanical data that suggests rice was first cultivated at around this time in the Yangtz
Valley of China.

ii. Historic material

While the abovementioned studies reveal a considerable amount of knowledge to our
understanding athe domestication and spread of crop species, we argue that solely using extan
landraces have limitations for two main reasons: Firstly, in many regions landraces were no
collected prior to their replacement by commercial varieties (early 20th centwaras). The
disappearance of landraces from these areas (e.g., Central Europe) was at a time when thi
inherent value was not realised, and therefore many geographic regions are not represented
germplasm bank collections. Landraces may no longer lsemirén certain areas because of
changes in land use or different environmental conditions, or because they were never collecte
in the first place because of inaccessibility or political instability. Secondly, inferring the
respective contributions of ddrent cultural episodes in the past to patterns observed in
contemporary landrace phylogeography is not a straightforward matter. The inclusion of historic
plant material is able to address both of these limitations of since such specimens can 8ll in gap
where modern landraces are not found and can indicate historical patterns of agriculture prior t
the most recent crop movements and scientific plant breeldinkpneset al. (2008) and Lister
etal. (2009) we have demonstrated that herbarium specimens are able to fill in some of the
geographical gaps in extant European barley landraces, and can also give a degree of time dept

Historic plant material includes historical seed collections, brotagjether for example,
agricultural fairs, and more commonly, herbarium specimens, which are held worldwide in
natural history museums, botanical gardens and agricultural research institutes, such as the VIF
From the 17th century onwards, herbarium aditens were created for the purposes of plant
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taxonomy, which was mostly based on comparisons of morphological features. In some areas ¢
botanical research the emphasis has shifted from classical taxonomy to molecular approaches. ¢
a consequence, somerbaria and other natural history collections have fallen out of use and in
some cases have disappeared altogether. However, in the past 20 years or so herbaria have b
recognised as a valuable source of genetic material in biodiversity and phylogeogtagias.

This novel use has leant new impetus to the conservation of many collections (Later et
2010).

Studies of crop phylogeography of historical material include the domestication gene
NAM-B1in a 19th century historical wheat collection whidfeets both nutritional quality and
grain yield but with opposite effects. The ancestral allele was present in some of the historic
accessions, suggesting that fixation of the mutated allele occurred during modern crog
improvement rather than during domeation as was originally thought (Asplundagt, 2010
Hagenblad eal., 2012). Ames & Spooner (2008) report a study that clarifies the origins of the
potato in Europe using historical herbarium material. Their analysis of a plastid DNA marker
showed thaear t he Andean potato predominated in
introduced into Europe as early as 1811.

DNA extracted from historical material is normally treated as ancient DNA (aDNA) as
care must be taken for the material not to be contagdnatith DNA from modern plant
material or by PCR amplicons generated during genetic analysis of plant material. This type of
DNA is also fragmented, and suitable genetic markers must be chosen as a result.

iii. Archaeological material

Another source of pint material for crop phylogeographic studies is archaeobotanical
material. This is material recovered from archaeological sites, can consist of seeds, grains, sten
and even whole inflorescences, and can be found in different states of preservati@d, charr
waterlogged, dessicated or mineralized, depending on the geography or the context excavate
Along with radiocarbon dating, genetic analysis of archaeological material can most accurately
give us a unigue insight into the actual genetic compositignetfistoric crop varieties.

Dessicated archaeobotanical material remains the best preservation state for ancient plal
DNA studies. Unfortunately, this type of material is rare, and is usually only founds in regions of
the world with extreme aridity, sudms the Nubian Desert in Egypt (e.g. barley, Palmai. et
2009), or maize from South America (Freitaglet2003) or material stored in dry caves or silos
(e.g. wheat from the Canary Islands, Oliveiraalet 2012). The most common type of
preservatiorof archaeobotanical material is charring. This may be the result of cooking fires,
accidental fires, or lonrterm exposure to lower levels of heat. At first glance, charred remains
do not seem to be favourable for DNA survival. Very low success rafeslafextraction and
amplification have been reported with charred wheat remains (Broaln @094 Schlumbaum
etal., 1998). However, these publications support DNA survival in a few cases, possibly because
of exposure to low fire temperatures. Somecessful studies of charred material have been
reported e.g. wheat in an Iron Age hill fort in the UK (Allaby &t, 1994). Recently, the advent
of next generation DNA sequencing (NGS) techniques have enabled the recovery of ever
fragmentary genetic ¢k to be gained from charred material, and this opens up the possibility of
many more studies in the future. Recent publications include genetic studies of charred grains ¢
naked wheat from sever al ar c ha,e201B)payiaecnxdéd s i
sample of barley, einkorn, emmer and broomcorn millet, taken from ay&200Id assemblage
of charred cereal grains from Assiros Toumba, Greece (Bunnalg 2012).

As noted above with historic material, care must be taken to ensuregyehatic
information obtained from archaeological material is from the ancient material itself and not
from contaminating modern DNA or amplicons. Rigorous sets of criteria are used in aDNA
research (e.g. Wandeleradt, 2007). Markers suitable for degrddand low quantities of DNA
must be used.
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Case studies of crop phylogeographic analysis of crops

i. Broomcorn millet - dispersal and phenotypic selection can be analysed using
extant landraces

The VIR germplasm collection of common milldeanicum miliaceumi also called
proso or broomcorn millet) is an invaluable resource for researching the domestication anc
spread of this crop in prehistory. Common millet was one of the earliest crops to be
domesticated: the earliest archaeological sites witkeihglrain remains are in northern China,
and date to at least 8,000 BP (Lwakf 2009 Zhao, 2011). It is extremely likely that common
millet was domesticated in China, possibly from the weedy rmiliaceumsubsp.ruderale
or from a nowextinct relaive (Zohary etl., 2012). In the middle Neolithic and subsequent
periods, common millet became one of two staple cereals (the other being foxtailSeileta
italica) in the farming communities of northern China (Liakt 2012)

Common millet was lao grown in eastern and central Europe at least as early as the
Bronze Age. There is some evidence, in particular from grain impressions in pottery assigned t
the Tripoldye culture from Ukrainian sthict es,
in this region (Motuzaitdatuzeviciute etl., 2009). These reports have led to speculation that
common millet was domesticated independently in western Asia or eastern Europe
(Jones2004). The alternative scenario is that this species spread westwith early
agricultural societies in the 5th and 4th millennia BP, perhaps along routes that were the
precursor to the historic Silk Road trading routes, or further to the north through the steppe ol
foreststeppe zones of central/northern Asia (Jorted.e2011). Certainly by the late Bronze
Age and Iron Age, evidence from the dense archaeobotanical record suggests that commc
millet was widely cultivated in Europe, complementing other cereals including wheat and barley.
Its importance as a cultivaemained widespread during the mediaeval period, befeckning
(Zohary efal., 2012). Today, it is considered a minor crop, but consumption remains significant
in China, Russia and Central Asia, and its cultivation is increasing in North America.lyts ear
globalization and potential today relate to its exceptional ecological hardiness and short
generation time: it is wekdapted to the serarid environments that typify Central Asia, with
the lowest water requirement of any cereal, is tolerant of pmls; and can go from sowing to
harvest in as little as-2 months (Baltensperger, 2002).

Analysis of genetic variation in common millet is challenging for two reasons: the
relatively low global economic importance of the crop means that there has heen i
investment in developing molecular tools, and despite showing high phenotypic diversity, it
appears that the level of molecular variation is very low (Hual.eP011 Warwick, 1987).

(Cho etal., 2010 developed a set of 25 microsatellite I¢aliso called short sequence repeats or
SSRs). SSRs are typically found in the fomaing portions of the genome and are therefore
presumed to evolve neutralyey consist of (usually) ditri-, or tetranucleotide DNA sequence
motifs repeated many timas tandem. They evolve rapidly by the gain or loss of repeat units,
caused by errors in DNA replication, resulting in alleles of different lengths.

We used 16 of the loaleveloped by (Cho etl., 2010 to investigate the geographic
structuring of genetidiversity in landraces oP.miliaceumsourced from across its ancient
distribution in Eurasia. The VIR collection &f. miliaceumgermplasm is one of the most
important in the world, with around 9000 accessions. We initially analysed 98 landraces, of
which 72 came from the VIR collection. The data show that there is a strorgvVEsispenetic
split in the P. miliaceumgenepool, with the boundary between the two genetic groups lying
approximately in northwestern China. Each of these two major groups strusibred: the
western group divides into twgenepoolsand the eastern group into four (Fig 1). There are
several notable features about the geographic distribution of the genepools. First, virtually all the
genetic diversity is present within China, ah$ plausible that the two genepools in the western
part of the range represent two waves of westward spread from China. Second, there is
distinctive genetic identity to a northerly group of samples, in Siberia and Mongolia. Third, the
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accessions frordapan are genetically homogeneous and differentiated from those in mainland
Asia (Hunt etal., 2011).

Genetic groupings identified by this method likely represent some combination of
demographic processes, such as past population expansions, and ecotypes that are adaptec
local environmental conditions. Almost nothing is known about the genetic basis of
environmental adaptation in common millet. However, genotypic differences can be analysed for
one phenotypic trait that has been under strong selection by humans, namely grain starch qualit
As in many other cereals, a high proportion of East Asian iesiate characterised by glutinous
or waxy starch, from which amylose is absent and which shows different ploysoacal
properties on cooking. We have recently characterised the mutant allelesGBSdlocus in
P. miliaceum which determines th&axy starch phenotype (Hunt et al., 2010).
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Fig 1. Genetic groups inP. miliaceumidentified by Bayesian analysis of SSR alleles

Two major genetic groups (white and black symbols) were identified among 98 landrace samples. These
subdivided into two and four groups respectively (shown as different symbols). The different groups have
distinct geographic distributions. Redrawn from Hurdle{2011)

BecausedP. miliaceumis a tetraploid species, the waxy phenotype requires the possession
of mutant alleles at each of two homeologous loci. Analysis of the geographic distribution of
GBSSlalleles in 168 plants from landrace samples shows that the mutant allele at the majol
determinaniGBSSIlocus is restricted to eastern China, Korea and Japan, while the mutant alleles
at the othelGBSSllocus are widely distributed (Fig 2). There is strong association between the
GBSShlleles and the genetic groupings inferred from the SSR analyses, indicating that selectior
on this locus has been important in shaping the overall genetic structure of common millet. It is
likely that waxy mutations arose in particular genetic groupsvear@ then exchanged among
them by limited interbreeding, driven by selection for the waxy phenotype in east Asia and the
nonwaxy phenotype in the west (Huntagt, 2013).

ii. Barley i historic plant material gives time depth to studies of modern landxces

Barley Hordeum vulgarg is among a group of plants, including emmer and einkorn
wheat thatwere domesticated around 10,500 years ago in southwest Asia. Today barley is the
fourth most important cereal crop in the world behind wheat, rice and mailtevatdbarley
was domesticated from wild barleyH( vulgare ssp.spontaneurny which is of the twerowed
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form with a brittle rachis. Barley was one of the principal crops to subsequently spread from
southwest Asia into Europe, Africa and Asia.
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Fig 2. Distribution of alleles at theGBSSllocus in 168 landrace samples ¢?. miliaceun
A. GBSSIShomeologueA wild-type (norwaxy) allelek mutant (waxy) allele.
B. GBSSIL homeologue, wild-type (nonwaxy) alleleC andé - independent mutant (waxy) alleles

Plants must have waxy alleles at both homeologous loci to show the waxy phenotype. These phenotype
are restricted to eastern China, Korea, and Japan. Redrawn from Huri2é1.3).

Domesticated forms of barley arrived in the Balkans around 6000 BC and over the next 2
to 3000 years spread throughout Europe by two principal routes, one following the loess soils o
the Danube and Rhine river valleys through central Europe and intettie European plain,
and the second taking a route along the Mediterranean coast through Italy and Iberia to northwe:
Europe (e.g. Bogucki, 1996). Barley cultivation spread rapidly through the Balkans but appears
to have slowed down in certain parts ofr&ue such as the in the Great Hungarian Plain and the
Alpine region. One theory for these delays is the slow assimilation of agricultural practices by
existing hunteigatherer populations in environments rich in wild resources, and another theory
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is basedn the time taken for crops to adapt to novel climatic conditions, such as changes in the
hours of daylight during different seasons. Crop genetic studies have shed light on the latter o
these theories.

In the parts of southwest Asia where wheat andepawas domesticated, the growing
season is terminated by summer aridity. The crops need to flower quickly while moisture is still
available. Moving north and west away from southwest Asia, the climate grows more
continental, with summer rather than wintainfall. These different conditions would have had a
profound effect on the crops and would have required alterations in various pathways, switching
on and off genes responsible for transitions between lifecycle stages such as germination an
flowering. Those same dalgngth triggers, necessary in a Mediterranean climate became less
favourable it was more advantageous for flowering not to be triggered by increasing daylength,
enabling an extended period of vegetative growth and flowering later in tiéngrgeason
(Cockram etl., 2007 Jones eal., 2008).

000

O b
Fig 3 (a).Ppd-H1 alleles in extant European barley landraces (from Jones at., 2008)
(b). Ppd-H1 alleles in historic barley accessions (from Lister edl., 2009)

Both sets of results were generated using PCR and Sanger sequencing a regiBpadHthgene.

White circles represent the witgpe Ppd-H1 alleles, where barleys flower in response to long days, and
grey circles represent barleys with the mutgdH1 alleles, which are insensitive to long days.

Fig 4. Part of a historic seed collection from the Herbarium of the University foTromso,
Norway, dated to 1869

Barley from this collection formed an important part of the research depithel1 gene in historic barley
(Lister etal., 2009).
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