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ABSTRACT

The place of origin of alloploid hexaploid wheat is directly connected with the distribution area of its parent species. One of them is
wild plant Aegilops tauschii, the donor of D-genome. The distribution area of Ae. tauschii is stretched extensively from the western
Transcaucasus (Georgia) to Central Asia, Pakistan and China. However, it is known that Ae. tauschii diverged into subsp. tauschii and
subsp. strangulata at the very beginning of its existence as a species and each of its two subspecies - subsp. tauschii and subsp. stran-
gulata - originated in the Caucasus. Studies of Aegilops tauschii provide evidence that common wheat (7. aestivum) was derived from
single or limited number of accessions of Ae. tauschii and Ae. tauschii subsp. strangulata populations from its birthplace (the western
Transcaucasus) were involved in the formation of common wheat, which originated in the Transcaucasus ca. 8000 BP. Natural diversity
of wheat and archaeological excavations of the Neolithic sites of Georgia dated back to 8,000 BP provide evidence that the Transcau-
casia is the most probable place of origin of common wheat, because: a) agriculture had been already developed and represented by all
founder crops in Georgia; b) AABB-genome containing domesticated hulled and free-trashing tetraploid wheat species (7. dicoccum, T.
palaeocolchicum, T. carthlicum and T. durum) had already existed in Georgia; ¢) hexaploid wheat species: T. spelta, T. spaerococcum,
T. compactum, and T. aestivum were also present here. These three archaeological findings provide sufficient ground to propose that
Ae. tauschii subsp. strangulata cross with a tetraploid wheat species could had happened here by 8000 BP.
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Introduction icum L., T. spelta L., T. compactum Host, T. aestivum
L.) are present. Among them 5 species (7. macha, T.
palaeocolchicum, T. timopheevii, T. zhukovskyi, T.
carthlicum) are endemics to Georgia. Only one spe-
cies — T carthlicum (Georgian name ‘dika’) is naked
and rest 4 endemics are ancient hulled wheat. Among
5 endemic species of Georgia, 4 ancient hulled
wheats originated from province Lechkhumi. Lech-
khumi is situated in a rather isolated valley between
the mountains of the central part of west Georgia.
Endemic Georgian wheat species are healthy food,

Georgia is one of the most important centers of
diversity of the cultivated wheat. Despite the small
territory (ca 69,000 sq. km), Georgia is the only
country in the world, where 15 species (sensu strricto
classification) of wheat (7riticum boeoticum Boiss.,
T. monococcum L., T. dicoccum (Shrank) Schiibl., 7.
palaeocolchicum Menabde, T. timopheevii (Zhuk.)
Zhuk., T. durum Desf., T. turgidum L., T. carthlicum
Nevski, T macha Dekapr. & Menabde, 1. zhukovskyi
Menabde & Ericzjan, T. turanicum Jacubz., T polon-
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quite precious for breeders, all characterized by high
resistance to fungal diseases [1].

Georgia is the only country in the world where all
7 species of domesticated hulled wheat are present
(4 endemic and 3 non endemic species): T. palaco-
colchicum, T. carthlicum, T. timopheevii, T. macha,
T. monococcum, T. dicoccum, T. spelta). At the same
time, Georgia is the only country in the world where
all the genomes (AA, AABB, AAGG, AAGGAA,
AABBDD) of the wheat can be found (AAGGAA
only in Georgia). Hexaploid AABBDD wheat orig-
inated about 8,000 years ago [2, 3] by hybridization
of D genome donor diploid Aegilops tauschii with
the already domesticated tetraploid AABB wheat
[4-6]. As many as four species (7. spelta, T. spaero-
coccum T. compactum and T. aestivum) of domesti-
cated hexaploids (AABBDD) wheat dating back to
8,000 BP were identified in archaeological excava-
tions in Arukhlo, Shulaveri, Khramis Didi Gora of
Lower Kartli region (south eastern Georgia) [7, 8].

Origin and geographic spread of Aegilops
tauschii

Aegilops tauschii Coss. (- Aegilops squarrosa
auct. non L.) is a diploid (2n = 14) cleistogamic
(self-pollinating) species of the family Poaceae. Its
modern natural distribution range is from the west-
ern Transcaucasus (west Georgia) and northeastern
Turkey to Central Asia, China and Pakistan. While
the putative primary region of Ae. tauschii’s ori-
gin is the Transcaucasus [the South Caucasus] [9].
From the Caucasus, 4e. tauschii dispersed eastward
to China across northern Iran and Central Asia and
southward to central Syria [10].

Ae. tauschii divided into subsp. tauschii and sub-
sp. strangulata at the very beginning of its existence
as a species and each of its two subspecies - subsp.
tauschii and subsp. strangulata - originated in the
Caucasus. The mutation Tf(s)225b (which appeared
after the origin of Ae. tauschii but before its subdi-
vision into the subspecies) was retained in both sub-
species (Fig. 1). Another mutation Tc(s)380 (black
dots) had existed even before the origin of Ae. taus-
chii and could be found only in some local popu-
lations of subsp. strangulata, which is represented
only by two accessions t9(1)s and AE929 from the
Caucasus: Dagestan and Georgia, respectively [11].
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Fig. 1. A presumed scheme of Ae. tauschii
evolution. The circles present local populations
in the field of gene combinations of Sewall Wright
(credit of the illustration [11]).

Subsp. tauschii was the first to start geograph-
ic expansion and relatively rapidly occupied a vast
area from the Caucasus—eastward up to central Tien
Shan and western Himalayas [11]. In contrast to sub-
sp. tauschii, only some linages of subsp. strangulata
managed to expand to the East. Therefore, the Cauca-
sus is the only region where all the five subsp. stran-
gulata lineages, Tc(s)21b, Tc(s)492b, Nf(d)237b,
Te(d)132b and Tf(s)225b were found [11].

Primary habitats of Ae. fauschii are patches
of dwarf-shrub steppe-like formations in hilly or
mountainous regions. Subsp. strangulata “‘prefers”
the habitats with relatively warm and moist winter,
while subsp. fauschii occupies habitats with rela-
tively continental climate [12].

Ae. tauschii likely dispersed from the temperate
desert vegetation (TDV) zone at the Last Glacial
Maximum (25,000-15,000 BP)! in the postglacial
era and the southern habitats were established as
the environment experienced change to humid con-
ditions in the Holocene [13]. Because Ae. tauschii
has a weedy growth habit, human disturbance may
have contributed to population migrations after the
beginnings of agriculture 10,000 years ago.

When 205 accessions of Ae. taushii from the
whole area of its distribution were analyzed based
on chloroplast DNA variation, four intraspecific lin-
ages were identified, which were characterized by
different haplogroups: HG7, HG16, HG9 and H17.
It was found that the accessions of the HG7 lineage
were distributed across the entire range of natural

1 It should be noted that West Georgia, the Western Transcaucasus is an important glacial refugia, where many relict plants have been

preserved, and this region is rich in endemic plant species
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habitats and the eastward dispersal of Ae. tauschii
was driven by the HG7 and HG16 lineages [3]. The
HGY lineage accessions were specific to western
habitats, while the distribution area of five HG17
accessions was only found in Georgia [14].

It was found that flowering time of Ae. taus-
chii varied from the earliest (144 days) to the latest
(190 days) in the temperate desert vegetation zone.
The eastward dispersal was driven by the HG7 and
HG16 lineages (Fig. 3). HG16 diverged from HG7
in the west and independently migrated to the east.
The HGY lineage was phenotypically uniform,
with 26 out of 28 accessions (92.9%) having the
intermediate-flowering phenotype. All five acces-
sions of the HG17 lineage had the late-flowering
phenotype. Among the intermediate and late-flow-
ering phenotypes, accessions of the HG7 lineage
were common [3].
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Ae. tauschii evolved from late flowering to early
flowering and the ancient, late flowering forms (col-
ored in blue on Fig. 3) of both subsp. taushii (HG7)
and subsp. strangulata (HG9, HG17) are found
only in the Caucasus [3, 14]. In contrast to subsp.
tauschii, geographic spread of subsp. strangulata
was a complicated, multi-stage and slow process.
At the beginning of subsp. strangulata evolutionary
history its major phylogenetic lineage for a lengthy
time span had existed as a small isolated population.
Several forms of subsp. strangulata, better adapted
to relatively moister and cooler habitats, had origi-
nated [11].

In Fig. 3, HGY (the D genome donor to hexa-
ploid wheat) is represented by ancestral late flow-
ering phenotypes (blue triangle) in Georgia and the
South Caucasus. As it was mentioned above “geo-
graphic spread of subsp. strangulata was a compli-
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Ae. tauschii subsp. tauschii haplogroups: Ae. tauschii subsp. strangulata haplogroups:
O -HGT, 4, - HGIl6; - HG9; # -HGI17.

Fig. 2. Geographical distribution of Ae. tauschii accessions. Adventive populations in the Shaanxi

and Henan provinces of China are not shown. Circles, crosses, triangles, and stars indicate the HG7,
HGY, HG16, and HG17 lineages, respectively (credit of the map [14]). Haplogroups HG7 and HG16
represent subsp. tauschii and while HG9 and H17 belong to subsp. strangulata.
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cated, multi-stage and slow process”. 1i.e. in Geor-
gia and the South Caucasus, the D genome donor
subsp. strangulata should have existed at least 1000
years earlier before subsp. strangulata reached the
Caspian region. Pre-Caspian Iran cannot be as-
sumed as a place of hexaploid wheat origin because
Ae. tauschii subsp. strangulata could not have been
presented there earlier than 7000 BP [15].
Amplified fragment length polymorphism
(AFLP) analysis was applied for a total of 122 ac-
cessions of Ae. tauschii to clarify the population
structure of this widespread wild wheat species.
Phylogenetic and principal component analyses re-
vealed two major lineages in Ae. tauschii: L1 and
L2. Among three major haplogroups (HG7, HG9
and HG16) previously identified in the Ae. tauschii
population based on chloroplast variation, HG7 ac-
cessions were widely distributed to both L1 and L2,
HGY accessions were restricted to L2, and HG16
accessions belonged to L1, suggesting that HG9 and
HG16 were formed from HG7 after divergence of
the first two lineages of the nuclear genome [18].
Later, to identify the Ae. tauschii intraspecif-
ic lineage, the same 122 accessions were grouped

40 50
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into three intraspecific lineages: TauL1 (renamed
from L1), TauL2 (renamed from L2), and Taul3
(renamed from HGL17). Geographically, the TauL 1
accessions are widely spread across the species
range, whereas the TauL2 and TauL.3 accessions are
restricted to the Transcaucasus/Middle East region
and Georgia, respectively [6].

Within each TaulLl and Taul2 lineage, three
sublineage groups were identified: TauL1a TauL1b
and the intermediates (named Taul1x) and Tau-
L2a, TauL2b and Taul2x (Fig.4). The chloroplast
DNA haplotype evidence supported that TauLla is
ancestral to TauL1b, Similarly, Taul.2a is ancestral
to TauL2b. The Taul2a accessions tend to spread in
the Transcaucasus, whereas Taul.2b has its distribu-
tion center in the Caspian coastal region. Each Tau-
L1la and Taul2a has the center of distribution in the
Transcaucasus and represents ancestral sublineages
of the species [19]. The Transcaucasus (especially
Georgia) is the only region where all ancestral lin-
ages and sublineages of Taul1, TauL2 and Taul3
were found. According to Gogniashvili et al. [20]
TauL3 and TauL1 are ancestral linages while TaulL2
diverged from the Taul3.

Black Sea

|| I Early-flowering
[ m— Intermediate-flowering

— I Late-flowering

1 T

60 70 80
1!
T
l i

Transcaucasus-Middle East 4J-> Asia

Ae. tauschii subsp. tauschii haplogroups:
& ® -HG7, * % -HGI¢;

Ae. tauschii subsp. stranguiata haplogroups:
A - HGO:; ¥ _HGI7.

Fig. 3. Geographic distribution of the 200 Ae. tauschii accessions. Circles, triangles, stars and asterisks de-
note, respectively, accessions of the HG7 lineage, HG9 lineage, HG16 lineage, and HG17 lineage. For each
accession, flowering time phenotype is colored according to the key. The belt area where fairly undisturbed
habitats exist is shaded [16, 17]. The dashed yellow line indicates the southern limit of the temperate desert
vegetation zone at the Last Glacial Maximum. The species distribution was divided into two regions in the
analyses: Transcaucasus-Middle East (longitude <60°) and Asia (longitude >60°) (credit of the map [3]).
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Fig. 4. Geographic distributions of the Taul 1 and Taul 2 sublineages. a) The Taul I sublineages. Taul la,
TauL 1b, and TauL lx are colored red, yellow, and blue, respectively. The six accessions representing adven-
tive populations in the Shaanxi and Henan provinces are not shown. b) The Taul.2 sublineages. Taul.2a.
Taul.2b, and Taul.2x are colored red, yellow and blue, respectively (credit of the map [19]).

TauLl is associated with Ae. tauschii subsp.
tauschii, while TauL2 and Taul3 are associated
with Ae. tauschii subsp. strangulata. Subsp. stran-
gulata linage Taul.2 is considered to be the D-ge-
nome progenitor of hexaploid common wheat 7rit-
icum aestivum.

To identify the Ae. tauschii intraspecific lineage
that is most closely related to the D genome of com-
mon wheat, Matsuoka et al. [6] conducted a popula-
tion-level analyses using a

Diversity Arrays Technology (DArT) marker
genotype dataset for 206 Ae. tauschii accessions
that represented the entire species range and a di-
verse array of 188 common wheat accessions con-
sisting of traditional and modern cultivars of the
East and West and one synthetic wheat line W7984.
Separation of the D genome of common wheat from
Ae. tauschii was fully consistent with the results of
restriction-fragment-length-polymorphism, micro-
satellite, and single-nucleotide-polymorphism stud-
ies [21-23].

Geographically, the TaulL1 accessions are widely
spread across the species range, whereas the TaulL2
and Taul 3 accessions are restricted to the Transcau-
casus/Middle East region and Georgia, respectively.
In contrast, almost all common wheat accessions
formed a single isolated cluster that was more close-
ly associated with TauL2 and Taul3 than TaulLl

(Fig. 5). Two common wheat accessions were ex-
ceptionally closely associated with Ae. fauschii: the
synthetic wheat line W7984 (placed near Taul2)
and an Ethiopian landrace KU-9873 (placed near
TauL3). The reason for the KU-9873 - Ae. tauschii
association was not clear [6].

The PCA and Bayesian clustering, therefore,
showed close genetic relationships of the Taul2
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Fig. 5. Graph of the first two axes from a PCA
based on DArT marker variations. The first
component (x) accounts for 41.8% and the second
(v) for 8.5% of the total variance. Circles denote
Ae. tauschii Taul 1 (purple), Taul 2 (green), and
Taul 3 (red), and triangles T. aestivum (credit of
the chart [6]).
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and TauL.3 accessions to the D genome of common
wheat. Notwithstanding the observed close genetic
relationship of TauL2 with the D genome of com-
mon wheat, whether the Taul.2 accessions repre-
sented descendants of the Ae. tfauschii populations
that were involved in the 8,000-years-ago allopoly-
ploid speciation of common wheat was not clear [6].

The birthplace of common wheat has been as-
sumed to be Transcaucasia or the south coastal
region of the Caspian Sea [21, 24 - 26]. Common
wheat was derived from single or limited acces-
sions of Ae. tauschii, and Ae. tauschii populations
far from its birthplace were not involved in the for-
mation of common wheat [14].

According to Nesbitt [27] the origin of bread
wheat in the Near East remains as problematic as
the origin of spelt in Europe. The hybridization
between a tetraploid wheat and Aegilops tauschii
could take place only once agriculture with tetra-
ploid wheats reached the distribution zone of Ae-
gilops tauschii. This extends from northern China

Annals of Agrarian Science 18 (2020) 437-447

westwards to west and southwest of the Caspian
Sea, well northeast of the fertile crescent. As ag-
riculture did not reach the Caspian Sea until after
6000 BC, the hybridization could not have occurred
until then [27].

Archaeological evidence for wheat and
other crops in Georgia (the south Caucasus)

The Neolithic revolution probably began in the 8"
millennium B.C. [10,000 B.P.] in Georgia [28]. It
is distinguished by a number of innovations in the
archaeological records. Along with the diversity of
tools and pottery production the remains of various
domesticated plants (cereals, legumes, grape, etc.) in-
cluding soft wheat, provide evidence of the high level
of farming. Excavated wheat grains include transi-
tional forms from wild to domesticated varieties.

Wheat, barley, oil-fiber crops were widely cul-
tivated along with the vineyards and fruit gardens
[29 - 31].

Fig. 5. The Neolithic archaeological site of Arukhlo (8000 BP), Lower Kartli region of southeast Georgia
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According to McGovern et al. [32], the earli-
est evidence for grape wine in the Near East was
from the early Neolithic village of Hajji Firuz Tepe
in the northwestern Zagros Mountains of Iran, ca.
5,400-5,000 BC. Chemical analyses of ancient or-
ganic compounds absorbed into the pottery fabrics
from sites [Gadachrili Gora and Shulaveris Gora] in
Georgia in the South Caucasus region, dating to the
early Neolithic period, provide the earliest biomo-
lecular archaeological evidence for grape wine and
viniculture from the Near East, at ca. 6,000-5,800
BC. The discovery of early sixth millennium BC
grape wine in this region is crucial to the later his-
tory of wine in Europe and the rest of the world.
Now that wine jars from as early as ca. 6,000 BC
have been confirmed for Gadachrili Gora and Shu-
laveris Gora, preceding the Hajji Firuz jars by half
a millennium [32]. Alcohol plays a central role in
formation of human civilization. According to Mc-
Govern et al. [32] the very large-capacity jars, some
of the earliest pottery made in the Near East, prob-
ably served as combination fermentation, aging,
and serving vessels. They are the most numerous
pottery type at many sites comprising the so-called
“Shulaveri- Shomu Culture” of the Neolithic peri-
od. All these finds: the oldest grape wine, domesti-
cated grape seeds (pips), large-capacity ceramic jars
for storing wine in the early Neolithic sites of Shu-
laveri and Gadachrili Gora in 6,000 cal. BC shows
high level of agricultural civilization in Georgia (the
south Caucasus).

While not more than two species of domesti-
cated wheat (7. monococcum and/or T. dicoccum)
were identified in the majority of the Anatolian and
Mesopotamian Neolithic sites contemporary with
Arukhlo [28, 33]. Archeological findings from the
Shulaveri — Shomu Culture suggest that a very
high diversity of domesticated wheat was grown
in Georgia in the early Neolithic period. Nine spe-
cies of wheat including one wild (7. baeoticum) and
eight domesticated (7. monococcum, T. diccoccum,
T carthlicum, T. durum, T. spelta, T. spaerococcum,
T. compactum, and T. aestivum) were identified in
archaeological excavations of Arukhlo (the end of
the 7" to the beginning of the 6™ millennium BC).
It is the earliest appearance of the naked tetraploid
(AABB) wheat (T. carthlicum & T. durum) is_in the
oldest layers in Arukhlo [7].

Out of 9 species of Arukhlo and Khramis
Didi Gora 4 species: T. spelta, T. spaerococcum
T. compactum and T. aestivum, are Hexaploids
(AABBDD), three of them are free-trashing [7,
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8]. As many as seven species of domesticated
wheat dating back to 8,000 BP were identified in
archaeological excavations in Shulaveri, Khramis
Didi Gora of Lower Kartli (south eastern Georgia):
T. monococcum, T. dicoccum, T. durum, T. spelta,
T aestivum, T. compactum, T. spaerococcum along-
side with other ‘founder’ crops: barley (Hordeum
vulgare and H. distichum), oat (Avena sativa), rye
(Secale cereale), lentils (Lens esculenta), peas (Pi-
sum sativum) and bitter vetch (Vicia ervilia) [7, 34,
8]. Wheat grains from Arukhlo, Khramis Didi Gora
and Gadachrili Gora providing the earliest archaeo-
logical evidence of existence of hulled hexaploid T.
spelta, as well as free-thrashing hexaploids 7. aes-
tivum, T. compactum and T. spaerococcum) in the
Near East in 6,000 -5,800 cal. BC [7, 8, 35].

The South Caucasus was more diverse in terms
of the wheat diversity than South Anatolia and Mes-
opotamia [36]. This became evident when the Shu-
laveri - Shomu complex was compared to its con-
temporary sites in northern Mesopotamia (the Halaf
and Hassuna cultures) and Anatolia (Hacilar). The
cereals cultivated in the South Caucasus are much
more diverse than in Anatolia and Mesopotamia.
The great variety of endemic wheat species in the
Transcaucasus could have favored local domestica-
tion of cereals, even if these cereals were already
cultivated in the Near East [36].

The origins of hulled and free-trashing
hexaploid wheat in the South Caucasus

Allohexaploid common wheat (AABBDD ge-
nome) originated in the Middle East/ Transcauca-
sus region ca. 8,000 years ago and is derived from
a natural hybrid cross between a cultivated form of
T’ turgidum (female parent) and the wild species Ae.
tauschii (male parent) [6, 37, 38]

Archaeological work since the 1960s has con-
firmed van Zeist’s dating of the earliest agricultural
sites around the Caspian. Sites further to the south,
in the Zagros mountains, such as Jarmo, Ali Kosh
and Abdul Hosein have good evidence of farming
(including emmer) by 6500--6400 uncal BC. In con-
trast, intensive surface survey around Haji Firuz Tepe
and Yanik Tepe, both in Iranian Azerbaijan southwest
of the Caspian Sea, failed to uncover any evidence of
occupation earlier than 5500 uncal BC [27, 39].

Dvorak [5] noted that it is a widely believed hy-
pothesis that 7" aestivum originated by hybridization
of domesticated tetraploid emmer (7. turgidum sub-
sp. dicoccon) [38, 40, 41] with Ae. tauschii subsp.
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strangulata. However, the belief that the tetraploid
ancestor of 7. aestivum was domesticated hulled
emmer has been recently questioned [5] with a suge
gestion that the tetraploid ancestor of bread wheat
was free-threshing.

T carthlicum, a free-threshing tetraploid Karth-
lian> wheat, endemic to Georgia (erroneously
named as Persian wheat)® is considered as a sub-
species of T turgidum by modern sensu lato classifi-
cations: Triticum turgidum subsp. carthlicum, com-
mon name in Georgian - ‘Dika’. This wheat has
been cultivated for at least 8000 years in Georgia
according to the data of the Neolithic archeological
excavations [7]. ‘Dika’ is mentioned in the fifth cena
tury historical documents in Georgia [31].

Karthlian wheat’s spike morphology resembles
more the morphology of common wheat (7. aestivum)
rather than that of other subspecies of free-threshing
tetraploid wheat [42]. Moreover, it was shown that
the morphology of synthetic hexaploid wheat derived
from crosses between T. turgidum subsp. carthlicum
and Aegilops tauschii resembles that of common
wheat and considered subsp. carthlicum as a can-
didate for the AB genome donor of common wheat
[42, 43]. With many beneficial traits and easiness of
gene transferring to common wheat 7. carthlicum has
been suggested as one of the most desirable donors
for bread wheat improvement [44].

There are two polyploid lineages in the genus
Triticum [45]:

a) T. timopheevii - T. zhukovskyi lineage with
AAGGAA - genome and

b) T turgidum — T aestivum lineage with
AABBDD - genome.

Both polyploid lineages of the genus Triticum
found only in Georgia:

1. T timopheevii - T. zhukovskyi lineage (with
domesticated AAGG tetraploid, Georgian endemic
- T. timopheevii and AAGGAA hexaploid Georgian
endemic -7. zhukovskyi) originate and grow only in
Georgia [46].

2 Karthli — a province in East Georgia

Annals of Agrarian Science 18 (2020) 437-447

2. T turgidum — T aestivum lineage with
AABBDD genome represented with two sub linages:

2a —AABBDD genome hulled hexaploid represent-
ed with

2a.1. AABBDD genome hulled hexaploid endem-
ic “Makha” linage of diploid DD (A4e. tauschii
subsp. strangulata), hulled tetraploid AABB
endemic (7. palaeocolchicum) and hulled
hexaploid AABBDD endemic 7. macha repre-
sented only in Georgia.

2a.2. AABBDD genome hulled hexaploid ‘Spel-
ta’ linage of diploid DD (de. tauschii subsp.
strangulata), hulled tetraploid AABB 7. di-
coccum and hulled AABBDD T. spelta

2b - AABBDD genome naked (free-threshing)
hexaploid

The presence of free-threshing polyploi-
dy lineage of diploid DD (A4e. fauschii sub-
sp. strangulata), naked tetraploid AABB (T
carthlicum), naked hexaploid AABBDD (T
aestivum/T. compactum) in recent Georgia and
in archaeological excavations of the 8000 BP
in Arukhlo, Shulaveri, Khramis Didi Gora, in
the same time that common wheat originated
ca. 8000 years ago.

Archaeological excavations of the Neolithic sites
of Georgia dated back to 8,000 BP have confirmed
that both hulled and naked (free-trashing) AABB
genome domesticated tetraploid wheat (7. dicoc-
cum, T. palaeocolchicum, T. carthlicum, T. durum)
already existed in Georgia ca. 8,000 BP and subsp.
strangulata could have crossed with them. This is
confirmed with existence of hulled hexaploid (7.
macha, T spelta) and naked hexaploid wheat (7.
aestivum, T. compactum, T. sphaerococcum) sam-
ples in the Neolithic archaeological sites of west
Georgia (Dikha Gudzuba, Anaseuli) and east Geor-
gia (Arukhlo, Khramis Didi Gora, Gadachrili Gora)
8,000 years ago [7, 35].

3 Kartlian wheat 7. carthlicum Nevski (common name in Georgian ‘Dika’ erroneously named by N. Vavilov in 1919 as T. persicum
Vavilov [nomen provisorium]. In 1921 Zhukovskyi found it in Georgia and described as 7. persicum Vavilov ex Zhuk. 1923. This name
[T persicum] is a later homonym of Triticum persicum (Boiss.) Aitch. & Hemsl. (degilops persica Boiss., 1846) and therefore is ille-
gitimate (ICN Art. 53.1). Seed of this wheat was sent to Vavilov by a German private seed company under the name of Persian wheat
(“Persischer Weizen”). However, the German company itself had received the seeds from Moscow, not from Iran (that time Georgia
was part of the Russian Empire). According to the “International Code of Nomenclature for algae, fungi, and plants” the earliest legit-
imate name of this species is Triticum carthlicum Nevski (ICN Art. 11.4). This endemic species was widely cultivated in Georgia and
is presented by 12 varieties in Georgia [47].
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The great variety of endemic wheat species in
the Transcaucasus could have favored local domes-
tication of cereals, even if these cereals were already
cultivated in the Near East [36].

Zhukovsky [48] mentioned that: “among 19 spe-
cies of wheat in the world, 13 species represented in
the Transcaucasus and the Transcaucasus (especially
Georgia) is the birthplace of wheat”. According to
Dorofeev [49] “To the Transcaucasus - the primary
center of origin of wheat belongs a leading histor-
ical role in it’s domestication and dispersal. By the
number of endemic species and varieties of the genus
Triticum, this territory has no equal in the world®.

As a conclusions Georgia is one of the most im-
portant centers for the diversity of cultivated wheat:
15 species of Triticum, out of 20 species in the
world; 5 endemic wheat species (more than in any
other country), all 7 cultivated hulled wheat species,
as well as Aegilops tauschii with all 3 linages and all
ancestral sub-linages represented only in Georgia. 9
species of wheat, among them 4 species AABBDD
hexaploids (T spelta, T. aestivum, T. compactum, T.
sphaerococcum), together with all founder crops,
discovered in the early Neolithic sites of Lower
Kartli region (southeastern Georgia), reveals an im-
portance of this region in wheat evolution and the
origin of hexaploid wheat.

Acknowledgement

This work was supported by Shota Rustaveli
National Science Foundation of Georgia (SRNSF)
Grant Number FR 17 566.

References

[1] D. Bedoshvili, M. Mosulishvili, G. Chkhut-
iashvili, M. Chokheli, N. Ustiashvili and 1.
Maisaia, Heritage wheats of Georgia, Annals
of Agrarian Science, vol. 18, no. 2 (2020) 123—
129.

[2] M. Nesbitt and D. Samuel, From staple crop
to extinction? The archaeology and history of
hulled wheats, in Hulled wheats. Promoting
the conservation and use of underutilized and
neglected crops 4. Proceedings of the 1st In-
ternational Workshop on Hulled Wheats, Cas-
telvecchio Pacoli, Tuscany (Italy), Internation-
al Plant Genetic Resources Institute, 1996, pp.
41-100.

[3] Y. Matsuoka, S. Takumi and T. Kawahara,
Flowering Time Diversification and Disper-

Annals of Agrarian Science 18 (2020) 437-447

sal in Central Eurasian Wild Wheat Aegilops
tauschii Coss.: Genealogical and Ecological
Framework, PLoS ONE, vol. 3, no. 9 (2008)
e3138.

[4] B. Kilian, W. Martin and F. Salamini, “Ge-
netic Diversity, Evolution and Domestication
of Wheat and Barley in the Fertile Crescent,”
in Evolution in Action, M. Glaubrecht, Ed.,
Springer-Verlag Berlin Heidelberg, 2010, pp.
137-166.

[5] J. Dvorak, K. R. Deal, M.-C. Luo, F. M. You,
K. v. Borstel and H. Dehghani, The Origin of
Spelt and Free-Threshing Hexaploid Wheat, J.
of Heredity, vol. 103, no. 3 (2012) 426-441.

[6] Y. Matsuoka, S. Nasuda, Y. Ashida, M. Nitta,
H. Tsujimoto, S. Shigeo and T. Kawahara, Ge-
netic Basis for Spontaneous Hybrid Genome
Doubling during Allopolyploid Speciation of
Common Wheat Shown by Natural Variation
Analyses of the Paternal Species, PLOS|ONE,
vol. 8, no. 8, 2013.

[7] N. Rusishvili, Fossil Wheat from the Territory
of Georgia, Flora, Geobotany and Palacobota-
ny, vol. 1, 1988 (in Georgian).

[8] I.Maisaia, T. Shanshiashvili and N. Rusishvili,
Crops of Colchis, Metsniereba, Tbilisi, 2005
(in Georgian).

[9] M. W. van Slageren, Wild Wheats: A mono-
graph of Aegilops L. and Amblyopyrum (Jaub.
& Spach) Eig (Poaceae), Wageningen Agricul-
tural University, 1994,

[10] Y. Matsuoka, E. Nishioka, T. Kawahara and S.
Takumi, Genealogical analysis of subspecies
divergence and spikelet-shape diversification
in central Eurasian wild wheat Aegilops taus-
chii Coss. Plant Systematics and Evolution,
Plant Systematics and Evolution, vol. 279
(2009) 233-244.

[11] A.J. Dudnikov, Chloroplast DNA non-coding
sequences variation in Aegilops tauschii Coss.:
evolutionary history of the species,Genetic
Resource and Crop Evolution, vol. 59, 2012,
pp. 683-699.

[12] A.J. Dudnikov, Aegilops tauschii Coss.: allelic
variation of enzyme-encoding genes and eco-
logical differentiation of the species, Genetic
Resources and Crop Evolution, vol. 61, 2014,
pp. 1329-1344.

[13] M. H. Ansari and A. Vink, Vegetation history
and palaeoclimate of the past 30 kyr in Paki-
stan as inferred from the palynology of con-
tinental margin sediments of the Indus Delta

445



M. Mosulishvili et al.

Review of Palacobotany and Palynology, vol.
145, 2007, pp. 201-216.

[14] S. Takumi, E. Nishioka, H. Morihiro, T. Kawa-
hara and Y. Matsuoka, Natural variation of
morphological traits in wild wheat progenitor
Aegilops tauschii Coss.,Breeding Science, vol.
59, 2009, pp. 579-588.

[15] M. Mosulishvili, D. Bedoshvili, N. Rusihvili,
I. Maisaia and G. Chkhutiashvili, Georgia (the
South Caucasus) as the Origin Place of Triti-
cum spelta, Vegetation History and Archeolo-
gy, In Press.

[16] D. Zohary, J. R. Harlan and A. Vardi, The wild
diploid progenitors of wheat and their breed-
ing value, Euphytica, vol. 18, 1969, pp. 58-65.

[17] M. Tanaka and H. Tsujimoto, Natural habitat
of Aegilops squarrosa in Xinjiang Uygur, Chi-
na, Wheat Information Service, vol. 73, 1991,
pp.33-35.

[18] N. Mizuno, M. Yamasaki, Y. Matsuoka, T.
Kawahara and S. Takumi, Population structure
of wild wheat D-genome progenitor Aegilops
tauschii Coss.: implications for intraspecific
lineage diversification and evolution of com-
mon wheat, Molecular Ecology, vol. 19, 2010,
pp- 999-1013.

[19] Y. Matsuoka, S. Takumi and T. Kawahara,
Intraspecific lineage divergence and its asso-
ciation with reproductive trait change during
species range expansion in central Eurasian
wild wheat Aegilops tauschii Coss. (Poaceae),
BMC Evolutionary Biology, vol. 15, no. 213,
2015.

[20] M. Gogniashvili, P. Naskidashvili, D. Bedosh-
vili, A. Kotorashvili, N. Kotaria and T. Berid-
ze, Complete chloroplast DNA sequences of
Zanduri wheat (Triticum spp.), Genetic Re-
sources and Crop Evolution, 2015.

[21] J. Dvorak, M. C. Luo, Z. 1. Yang and H. B.
Zhang, The structure of the Aegilops taus-
chii genepool and the evolution of hexaploid
wheat, Theoretical and Applied Genetics, vol.
97 (1998) 657-670.

[22] N. Gosman, H. Jones, R. Horsnel, A. Kowalski
and G. Rose, Comparative analysis of D-ge-
nome diversity in Aegilops tauschii, common
bread wheat (Triticum aestivum) & synthetic
hexaploid wheat, in 21st international Triti-
ceae mapping initiative book of abstracts, S.
Dreisigacher and S. Singh, Eds., Mexico City,
The Insternational Maize and Wheat Improve-
ment Center, 2011, pp. 31-32.

446

Annals of Agrarian Science 18 (2020) 437-447

[23] J. Wang, M.-C. Luo, Z. Chen, F. M. You, Y.
Wei, Y. Zheng and J. Dvorak, Aegilops taus-
chii single nucleotide polymorphisms shed
light on the origins of wheat D-genome genet-
ic diversity and pinpoint the geographic ori-
gin of hexaploid wheat, New Phytologist, vol.
198, 2013, pp. 925-937.

[24] K. Tsunewaki, Origin and phylogenetic differ-
entation of common wheat revealed by com-
parative gene analysis, in 3rd International
Wheat Genetics Symposium, K. W. Finley and
K. W. Shepherd, Eds., Canberra, Australian
Academy fo Sciences, 1968, pp. 71-85.

[25] V. Jaaska, Electrophoretic survey of seedling
esterases in wheats in relation to their phylog-
eny, Theoretical and Applied Genetics, vol. 56,
1980, pp. 273-284.

[26] K. Nishikawa, Y. Furuta and T. Wada, Genetic
studies on alphaamylase isozymes in wheat.
III. Intraspecific variation in Aegilops squar-
rosa and birthplace of hexaploid wheat,” Japa-
nese J. of Genetics, vol. 55, pp. 325-336.

[27] M. Nesbitt, Wheat evolution: integrating ar-
chaeological and biological evidence, in
Wheat Taxonomy: the legacy of John Percival,
vol. 3, P. D. S. Caligari and P. E. Brandham,
Eds., Proceedings in 1999 in Redding (UK),
The Linnean Society of London. Academic
Press, 2001, pp. 37-60.

[28] L. Dzidziguri, The oldest agriculture of the
South Caucasus, The Journal of the Centre for
Archaeological Studies of the Georgian Acad-
emy of Sciences, vol. Supplements II, 2000 (in
Georgian).

[29] V. L. Menabde, Wheats of Georgia (in Rus-
sian), Institute of Botany, Academy of Sci-
ences of Georgian SSR. Publishing House of
Academy of Sciences of Georgian SSR, 1948
(in Russian).

[30] A. D. Gorgidze, Phylogenesis of Georgian En-
demic Wheats, Metsniereba, Tbilisi, 1977 (in
Georgian).

[31] L. Pruidze, I. Maisaia, S. Sikharulidze and M.
Tavartkiladze, Our Dailiy Bread. Georgia -
the Ancient Cradle of Agriculture, Publishing
House Palitra, Tbilisi, 2016 (in Georgian).

[32] P. McGovern, M. Jalabadze, S. Batiuk, M. P.
Callahan, K. E. Smith, G. . R. Hall, E. Kva-
vadze, D. Maghradze, N. Rusishvili, L. Bou-
by, O. Failla, G. Cola, L. Mariani, E. Boaretto,
R. Bacilieri, P. This, N. Wales and D. Lord-
kipanidze, Early Neolithic wine of Georgia in



M. Mosulishvili et al.

the South Caucasus, PNAS, vol. 114 , no. 48,
2017, pp. E10309-E10318.

[33] N. Bregadze, Georgia as an Independent Cen-
ter of Origin of Agriculture (in Georgian),
Publishing House Samshoblo, Tbilisi, 2004 (in
Georgian).

[34] O. Lortkipanidze, Archédologie in Georgien:
von der Altsteinzeit zum Mittelalter, Wein-
heim : VCH, Acta Humaniora, 1991.

[35] M. Jalabadze, K. Esakia, N. Rusishvili, E.
Kvavadze, 1. Koridze, N. Shakulashvili and
M. Tsereteli, Report on Archaeological work
carried out on Gadachrili Gora in 2006- 2007,
Dziebani, J. of the Archaeology, vol. 19 (2010)
17- 24 (in Georgian).

[36] C. Hamon, From Neolithic to Chalcolithic in
the Southern Caucasus: Economy and Macro-
lithic Implements from Shulaveri-Shomu sites
of Kwemo-Kartli (Georgia), Paléorient, vol.
34, 2008, pp. 85-135.

[37] H. Kihara, Discovery of the DD-analyser, one
of the ancestors of Triticum vulgare, Agricul-
ture and Horticulture, vol. 19,1944, pp. 13-14
(in Japanese).

[38] E. S. McFadden and E. R. Sears, The origin of
Triticum spelta and its freethreshing hexaploid
relatives,Journal of Heredity, vol. 37, 1946,
pp- 81, 89, 107-116.

[39] F. Hole, Chronologies in the Iranian Neolith-
ic, in Chronologies in the Near East. Realtive
chronolohies and absolute chronology 16,000-
4,000 B.P., vol. 379 (i), O. Aurenche, J. Evin
and F. Hours, Eds., Oxoford: BAR Internation-
al Series, 1978, pp. 353-379.

[40] V. Jaaska, NADP-dependent aromatic alcohol
dehydrogenase in polyploid wheats and their
diploid relatives. On the origin and phylogeny
of polyploid wheats., Theoretical and Applied
Genetics, vol. 53, 1978, pp. 209-217.

[41] G. Kimber and E. R. Sears, “Evolution in the
genus Triticum and the origin of cultivated
wheat,” in Wheat and Wheat Improvement, E.
Heyne, Ed., Madison, WI: Ameican Society of
Agronomy, 1987, pp. 154-164.

[42] S. Takumi and R. Morimoto, Implications of
an inverted duplication in the wheat KN1-type
homeobox gene Wknox1 for the origin of Per-
sian wheat, Genes & Genetic Systems, vol. 90,
no. 2, 2015, pp. 115-120.

[43] H. Kihara, M. Okamoto, M. Ikegami, J.
Tabushi, H. Suemoto and Y. Yamane, Mor-
phology and fertility of the new synthetized

Annals of Agrarian Science 18 (2020) 437-447

hexaploid wheats, Report of Kihara Institute
of Biological Research, Seiken Jiho, vol. 4,
1950, pp. 127- 140.

[44] P.-p. Zhuang, Q.-c. Ren, W. Li and G.-Y. Chen,
Genetic Diversity of Persian Wheat (Triticum
turgidum ssp. carthlicum) Accessions by EST-
SSR Markers, American J. of Biochemistry
and Molecular Biology, vol. 1, no. 2, 2011, pp.
223-230.

[45] Y. Matsuoka, Evolution of Polyploid Triticum
Wheats under Cultivation: The Role of Do-
mestication, Natural Hybridization and Allo-
polyploid Speciation in their Diversification,
Plant and Cell Physiology, vol. 52, no. 2, 2011,
pp. 750-764.

[46] M. Mosulishvili, D. Bedoshvili, I. Maisaia and
G. Chkhutiashvili, Georgia, the South Cauca-
sus as the homeland of the hexaploid wheat,
Annals of Agrarian Science, vol. 17, no. 3
(2019) 287 — 297.

[47] P. M. Zhukovsky , Cultivated plants and Their
Relatives, Kolos, Leningrad, 1964 (in Rus-
sian).

[48] V. F. Dorofeev, Wheats of the Transcauca-
sus,Proceedings in Applied Botany, Genetics
and Plant Breeding, vol. 47, 1972, pp. 3-206
(in Russian).

[49] D. Zohary and M. Hopf, Domestication of
plants in the old world: The Origin and Spread
of Cultivated Plants in West Asia, Europe and
the Nile Valley, 3rd ed., Oxford, UK: Oxford:
Univ Press, 2000.

447





