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Summary

Wild barley forms a twaowed spike with a brittle rachig’hereas domestic barley has
two- or sixrowed spikes with a tough rachis does domestic barleYagriocrithon”
forms aSixrowedspike; however the spike lisittle the same as wild barlewhich
makesthe originof agriocrithonobscure. Haplotype analysis of tBx+owed spike 1
(vrs1) andthe Nontbrittle rachis 1 (btr) and2 (btr2) genes was conducted to infer the
origin ofagriocrithonbarley. Someagriocrithonbarleyaccessiongeuagriocrithon)
carriedBtrizandBtr2 haplotypes that are not found in anjtivars, implying thathey
aredirectly-derived from wildbarley througha mutationat thevrsllocus Other
agriocrithonbarleyaccession§pseudeagriocrithon), carriedBtrl or Btr2 from
cultivated barley thus implying that they originated from hybridization between six-
rowedlandracesarryingbtr1Btr2 andBtrlbtr2 genotypes followed by recombination
to produceBtr1Btr2. All materials we collected from Tibet belongpseudo-
agriocrithonand thus do not support the Tibetan Plateau as a center of barley
domesticationTradng the evolutionary history dheseallelic variants revealkthateu
agriocrithonrepresented sixowedbarley lineages that weselected by early farmers
once in soutleasternTurkmenistanyrsl.4al) andagainin the eastern part of
Uzbekistan(vrs1.a).

Introduction

The spikesofwild barley Hordeumvulgare ssp.spontaneumndisarticulates anaturity
because.ihas @rittle rachis. h contrasthe rachisf cultivated barleyH. vulgaressp.
vulgare remains intact. The loss of the brittle rachis, which represents one of the so
calledkey“domestication traits” in barley, results from a deletion in eitidtrl or

Btr2, the two tightly linked genes located on chromosome 3H (Pourkheiragtcish

2015). A second major domesticatitvait in barley affects the spike morpholody.
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Hordeumspecies, the spikeletisatdevelop along the spike nodese arranged in
triplets. In sspspontaneumonly the central spikelet is fertile, a condition retained in
cultivatedtwo-rowed sspvulgare The sixrowed spikejn which all three spikelets at a
given rachis node are fddj appears to have arisen at Iefasir timesindependently
(Komatsudeet al, 2007, Saishet al, 2009) through loss-of-function mutationstie
geneVirshs(termedvrsl.al a2, a3 andad). Thevrsl.a2andvrsla3allelesoriginated
from twe-rowed cultivarcarrying the functional allelégrs1.b2andVrs1.b3
respectively(Komatsudaet al, 2007). Howeverthe origirs of vrs1.al(the most

common allelan six-rowed barley andvrsl.adareyet to be resolved.

A brittle'rachis, sixrowed spikebarley, namedagriocrithon(H. vulgaressp.vulgaref.
agriocrithon[Aberg] Bowd.) was firstdescribed byAbergbased on material from
Tibet (Abergy1938). The origin of this type has been hotly disputed. Onesitbat it
wasderivedfram awild progenitor through a mutation theVrslgene and that it is the
progenitor of sixcowed cultivar§Aberg, 1940, Schiemann, 1950thers have
suggested that it arose following hybridization betwe#d ssp.spontaneunand a
cultivated.sixrowed sspvulgare(Zohary, 1963, Konishi, 2001, Tanno and Takeda,
2004), and a third hypothesssthat it segregaidfrom an inter cultivar hybrid (Bothmer
et al,12995)Now that the genes of two vs. six-rowed spike (Komatstid@d, 2007)
andbrittle vs:togh rachis(Pourkheirandislet al, 2015)have been clarified it is
possibleto studthe evolutiorof agriocrithonbarley in the framework ofrs1, Btrl
andBtr2. We analyzed the allelic state of these genes in a set of 454 barley lineages
with the"aim of (i)determining the origin adigriocrithonbarley, (ii) understandinghe
origin of six-rowed barley, and (iiipfer whether Tibet is one of theentersof barley
domesticatior{Dai et al, 2012, Dakt al, 2014).
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82 Results
83 Genealogical lineages witim the vrsl locus. All the 30 agriocrithonaccessions had a
84  brittle rachis and a sirowed spike to fulfill the definition odgriocrithon In a first step
85 we sequenced thassllocus in 30agriocrithonaccessions to assess which allele(s) is
86 responsible for their sirowed spike type. Analyzing these data together with the full
87 set ofallelessoccurring in the panel of 454 barley accessions (®4iahd®009)
88 resultediin 72.distinotrs1 haplotypes (Table S1 and S2) algriocrithonbarleys three
89 haplotypes‘oceur, two (Hap5 and 7) belonging tovtisé.algroup of alleles found in
90 13 accessns, and onersl.adtype (Hap8) was found in 17 accessions (Table 1). Hap5,
91 the basic haplotype within thesl.alallelegroup, is the progenitor of eight further
92  sub-haplotypes (Hap4, 7, 9, 11, 13, 14, 16 and 17). It was derived from Nap®db{
93 Figure vand) through a single base deletion in the Wgtiexon (Komatsudat al,
94  2007), preducing a protein truncated at the C-terminal region. Hap54 occursitdthe
95 barleyaccessionCWB181495 from Turkmenistan but was not found among tested
96 two-rowed sspvulgareaccessions. Thug might be lost within sspulgareor that
97 Hap5 arose from Hap54 in sgpontaneum
98
99 The second skxowed type found imgriocrithonbarley isvrs1.a4- represented by
100 Hap8i(Figire'l). Because thersl.adallele did not show any lesions within ties1
101 OREF, anallelism test was performed. When crossed wi#ti loss-of-function type
102 (vrsl.ald, F; hybrids showed theix-rowed phenotype which confirms thatl.adis
103 truly allelic to thevrsl.al(Figure 2).The markedly reduced abundance/o$1
104 transcriptinvrsl.a4carriers has been proposed as the determinant of theveid
105 phenotypgSakumeet al, 2013). Although the causative mutation/svicgl.adremains
106 to be identified, the key polymorphism may reside in the regulatory elements of the
107 gene. Hap8ursl.a4carriers) was identified in 1&griocrithon(Table 1) and 21 six-
108 rowed sspvulgareaccessions (Table S1), as well as two sppntaneunaccessions
109 (Vrsl.b4earriers) collected in Turkmenistan and Uzbekistan. This is a strong iondicati
110 thatvrsl.admayhave arisen in Central Asia (Table S2). Hap8 was not found among
111  two-rowedSspvulgareaccessionsnplying thatHap8 either was lost within twowed
112  ssp.vulgareor that Hap8 oégriocrithonarose from ssggpontaneum
113
114  Only onehaplotype (HapZ-igure 3) was found iarsl.a2 defined by a single base
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115 insertion in exon 2, which inducegrameshift mutation(A40>F.S.) (Komatsudat al,
116  2007). This haplotype originated from HapG41.b3, which is carried by the two-

117 rowed ailtivar ‘Palmella Bluéand sspspontaneunaccession ICWB18146d able S1
118 and S2).Palmella Bluéis a North African landracandiICWB181462 was collected in
119 JordanHap2 wadound in eightsix-rowed sspvulgarelinesfrom southern EuropaVe
120 hypothesizedhattwo-rowed Hap6 was introgressed from sgpontaneunmto a twe
121 rowed sspvulgare(like Palmella Blue)after which it mutated intsix-rowedHap2

122 This notion‘is'supported by the wide dispersaireii.a2among both North African

123  (Saishocet al, 2009) and southern European cultivars (Table S1).

124

125 Thevrsl.a3allele is represented by HapBd 3.2 (Figure)3The phylogenyimplies

126 that Hap3 was derived from Haf\Irs1.b3 through a single nucleotide substitution in
127 exon 2, which changed a phenylalanine to leucine at position 85 (F85>L) in the
128 conserved homeodomain (Figure Baplwasfound in sspspontaneunaccession

129 ICWB181442as well as 45 twoowed sspvulgarelines Hap3occuredin 18 six-

130 rowed sspvulgarelinesdistributed in Europe, East Asia and North Amencaereas
131 ICWB18l1442 was collected in Jordan. Thus, it seems that Hapl was introduced into the
132  cultivated genepool from a sgpontaneunparent, and later mutated to Hap3 within a
133 cultivatedtwerowedtype There is no pedigree data availableHap3 lines collected
134  from KoreagJapan or China suggesting thataliegs are landraceSince many of the
135 Hap3-carrying cultivated barleys were colleciacEast Asia, it idikely that Hap3

136 originatedthere Otherwisea cultivar carryng Hap3 wasnitially introducednto East
137 Asia where'it'spread across the region

138

139 Sequence Vvariation in thebtrl and btr2 loci. As agriocrithontypes are characterized
140 by the brittle rachis, we sequenced bBthloci in our set of 3@&griocrithonaccessions
141 to infer the allelic compositioaf this trait and analyzeé them together with the

142  sequeneesspublished previously (Pourkheiranelisti, 2015) . The 2.4 Kbptrl

143 sequencgconsist oB6 haplotypes81 haplotypes of sspulgareand sspspontaneum
144  weredeseribegreviously (Pourkheirandistt al, 2015).There were tefunctional

145  Btrl hapletypes among tregriocrithonaccessions (Tablg.10f eight haplotypes

146 absent from the sspulgaregenepool, three were shared with sgmntaneumand the

147  other five, which were likely sub-haplotypes of these three, were uni@ggit@rithon
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148  (Figure 4). Of the remaining haplotypes, one (B1Hap023)psesenin cultivated

149 barleys withBtrlbtr2 genotype riamed abtr2-type), and the other (B1Hap213) was
150 probably derived from B1Hap023 by a 62mgertionin the 3’ non-coding region.

151

152 The 4.9 Kbpbtr2 sequenceconsist 0f1l35 haplotypes. The 12iaplotypes present in
153 ssp.vulgareand sspspontaneumveredescribed byPourkheirandisket al.,(2015).

154  Eleven functionaBtr2 haplotypesccurred inagriocrithonaccessions (Table two of
155 whichwere'shared with ssppontaneurmand a further six were derivatives of the latter
156 two, and unique tagriocrithon(Figure5). The remaining three comprised: B2Hap224,
157  which was present in sonrl-type cultivars (Pourkheirandigt al, 2015)

158 B2Hap267, which was specific &griocrithonand likely derived from B2Hap224

159 throughsa T'te C substitution in the 5’ non-coding region; and B2Hap268, which

160 differed from"B2Hap267 by G to A substitution, also in the 5’ non-coding region.

161

162 The genotypic composition ofrsl and Btr1/Btr2 in agriocrithon

163 wvrsl.al carriers. Six agriocrithonaccessions (HOR 4904, 3886, 3900, 3552, 8509
164 Hap5 and.7269: Haptarryingvrsl.alhave variabldtrl andBtr2 haplotypes,

165 implying thattheir Btr genesare largely unrelated to one another and unrelated to those
166  of cultivars'sharing only thersl.alallele (Table 1)Here, thesagriocrithonbarley

167 are defined.aséuagriocrithon”. The diversity with respect wollection sits for the

168 accessions (Azerbaijan, Turkmenistan, Israel and unknown) supports the notion that
169 they are unlikely to be related by pedigree. Hapg41bl), the progenitor oHap5 is

170 presentin ssgpontaneunaccessionCWB181495 from Turkmenistan, which suggests
171 thatthis/regionwas the site where Hap5 first became establishéarm an

172  agriocrithonbarley Genotypes from Azerbaijan, Israel and unknown sites coutlgebe
173  result of out-crossingf agriocrithon x wild barley.

174

175 SevenagriocrithonaccessionsHOR 2451, 2452, 2508, 2908, 2453, 2454 and 2464
176 HapH carried’'B1Hap023 (the most commBinl haplotype amongtr2-type cultivars).
177  Four of therharbored B2Hap26@nd theother three B2Hap268oth haplotypesvere
178 likely derived from B2Hap224tlie most commoBtr2 haplotype amongtrl-type

179 cultivarg (Figure 5) All of these seven accessions were collectedbet suggesting

180 that they descended from a common progenitor. The combinat®inld? haplotypes
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within this group is unique (Figes4 and 5) and desnot exist in wild barleywhich
implies that they originatethrough hybridization betweesix-rowedbtrl-type
(btr1Btr2) andsix-rowedbtr2-type (Btrlbtr2) cultivars followedby recombination that
produceda six-rowedtypewith brittle rachis(Figure 6)Here, thesagriocrithonbarley

are defined asgseudo-agriocrithon’(Table 1).

vrsl.a4 carriers. Of 17 agriocrithonaccessionkarboringvrsl.a4(Hap8, sx (HOR

2268, 24562460, 2461, 2465 and 2466je collected in Tibednd carried B1Hap210
and B2Hap224 implying a close relationship among them. B1Hap210 is similar to
B1Hap097 (Figure ¥harbored by Jordan (ICWB180007, ICWB180014, ICWB181212,
and ICWB181215and Syrian(ICWB181562 and ICWB181746) ssgpontaneum
accessionswhereaB2Hap224 found ibtrl-type cultivars but not in any ssp.
spontaneunaiccessionsThe haplotype combination of B1Hap210 and B2Hap224 or
their close relatives is not found in any of 505 wildli&yaaccessionanalyzed

previously (Pourkheirandisét al, 2015). Lack of the haplotype combination suggests
that ths'six agriocrithonlinescould begeneratediue to hybridization between wild

and domesticated typ€Btr1Btr2 X btrlBtr2) followed by recombination between
Btrl/2loei. Theseagriocrithonbarley argpseudo-agriocrithorfTable 1).

HOR 3904.and 3906 both carry B1Hap084 and B2Hap098, a combittaiathso

occurs in Uzbek ssgpontaneunaccession ICWB181752. HOR 3905 and 3907 both
harbor B1Hap084 / B2Hap269; the latter haplotype was likely derived from B2Hap098
(Table 1).TheUzbek wild accessioharborsHap8for thevrsl.adallele thesame as

the fouragriocrithonaccessiongFigure 3) Even thouglthe collection sitefor HOR
3904to 3907areunknown the evidence is strong thia¢ Uzbek accession represents a
progeniter of this small group efriocrithonentries.Two accessions (HOR 3902 and
3903).carried'B1Hap065 and B2Hap270. B1Hap065 wagadsent irfour ssp.
spontaneunaccessions from IsragfT161163 and 647, see Supplementary Table 7 in
(Pourkheirandislet al, 2015] whereasB2Hap270 is closely related to the haplotype
presentdn two other Israeli sgpontaneunaccessionf=T118 and 121, see
Supplementary Table 7 in (Pourkheirandfal, 2015)]. The collection sites of HOR
3902 and 3903 are not recorded, but the haplotype data are suggestive ofrotigins

western side of thEertile Crescent. These sagriocrithonbarley aresuagriocrithon
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218
219
220
221
222
223
224
225
226
227

(Table 1).

Three accession$iOR 2463, 3901 and 9517) carried B1Hap023 and B2HapRBR
2507 carried B1Hap023 and B2Hap268, &@R 1645 carried B1Hap213 and
B2Hap267(Table 1).Haplotypes aBtrl andBtr2 show that both HOR 2507 and HOR
1645 weresderied from three accessions (HOR 2463, 3901 and 9517). B1Hap023 is
foundalsoin anumber ofbtr2-type cultivarswhereaB2Hap267 and B2Hap268 were
bothderivedfromB2Hap224 dominant ibtrl-type cultivars, implying theiorigin was
hybridizationbetween cultivated fornfellowed by recombination betwedtrl/2loci.
HOR 1645, 2463, 2507 and 9517 are recorded as having been collected in Tibet,
wheread$HOR./3901 is of unknown origil.he combinations dBtrl andBtr2
haplotypes@epresented amaggiocrithonaccessions carryingsl.adare similar to
those displayed by the Tibetarsl.al agriocrithoraccessionsuggestinghat they too

arose from cresses betwedifferentssp.vulgaretypes pseudo-agriocrithonFigure 6).
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Discussion

The likely donor of vrsl.al and vrsl.a4 of ssp.vulgare wasagriocrithon. A

spontaneous mutation at thes1locus converted the two-rowed spike of ssp.
spontaneunbarley into a sixowed spikevhichwas defined asu-agriocrithon The
vrslgenestree showthat theal anda4 alleles, which persist in contemporary
agriocrithon, are derived fronmtwo independent mutations. The former was likely
derivedfromVrs1.blbyal bp deletion in the coding sequence (Komatsidd,
2007).Visl.blhas been retainad ssp.spontaneunbut not in two-rowed sspulgare.
The suggestion is that the mutatfoom Vrs1.blto vrsl.alin ssp.spontaneunmitiated

the new lineage denoted heresasagriocrithon (Figure 1). A reverse mutation (i.e., the
restoration©fithe deleted nucleotigdeuld be a highly improbable event, so the
likelihoodof avrsl.alcarrier being the immediate ancestoMo$l.blis remote. It is

not possible to exclude the possibility that mutatiolrsfl.b1to vrs1l.aloccurred in a
two-rowed sspvulgareline. This could have been too rare to be captured in the global
germplasm sebr ispossibly extinct. However there is no supportive evidence for this
scenarigthus.the most likely situation is thedragriocrithonwas the progenitor of
vrsl.alsix-rowed barley. The combined haplotypesrat, btrl andbtr2 suggest a
plausibletlypothesis thatrsl.al eu-agriocrithomrose from a ssgpontaneum
population_similar to the one from which ICWB181495 was collected (in southwest of

Turkmenistan along the Iranian bordercentral Asia).

Bothvrs1.a4andVrsl.b4alleles share the same coding sequence and the two alleles
mustdiffer in their reglatory regionsVrsl.bdis representeth ssp.spontaneuntut

not in any two-rowed sspulgareaccessiomencesuggesting thatrsl.adarose in a

wild population.Based on thesgatg a yet unknownmutationin Vrs1.b4might have
generatedhevrsl.adallele to create anotherragriocrithon According to the
combined-haplotypes atsl, btrl andbtr2, it is most likely that thersl.a4 eu
agriocrithenwas derived from a ssppontaneunpopulation similar to the one from
which ICWB181752 was collected the estern part olzbekistan. Although an
alternative scenario is thawves1.a4dsix-rowed sspvulgaretype gained the brittle rachis
trait. The probability of the necessagverse mutation, entailing the insertion of either

one nucleotide into thietrl allele or 11nucleotide intdtr2, is very low. TheBtrl and
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Btr2 haplotypes of thersl.alandvrsl.adeuagriocrithonaccessions are rather
distantly related to those found in the sgglgaregenepoolimplying thateu
agriocrithonwas unlikely to have arisérom ssp.vulgare All of theeuwagriocrithon
accessionappear tdesister forms of ssgpontaneumn which thevrslgene has
undergone lossof-function mutation. Hybridization between primayagriocrithon
and the ether'wild barleyenotypes wouldenerate secondaeyragriocrithonforms
representedy theagriocrithonaccessions with largely unrelatBtr1/2 haplotypes
while, sharingonly theivrslallele.

The best current hypothesis holds that ho#i.alandvrsl.ad4were introgressed from
euwagriocrithoninto other wild barleygenotypes and thesutcrossed taultivated
barley Eigure)l).Out-crossingccurs in sspspontaneunat a frequency of around 2%
(Abdel-Ghaniet al, 2004) Thereafter, segregation\as1 andbtrl/2 couldgenerate the
combinationofinon-brittle rachis and a sikowed spike, because thies1 andbtrl/2

map to different chromosomes (Pourkheirandish and Komatsuda, Z0@&)ternate
scenario requires a mutation at one ofBtré or Btr2 genes ireuw-agriocrithonto
generate.a.ngbrittle rachis andix-rowed spikgcultivated barley}- an eventhatis
unlikely'given the genetic distance of tB&1 andBtr2 haplotypes ireu-agriocrithon
from thoserin'sspiulgare Moreover, both of thenutations fronBtrl to btrl andBtr2

to btr2 are believed to have occurred in the Le@&udurkheirandisiet al, 2015), which

is geographically far away from Turkmenistan / Uzbekistan.

The outcome ofrecombination betweenbtr1 and btr2. That recombination explains
the origin ofagriocrithonbarley has been frequently suggested, but as yet no
experimental demonstration has been produced to support it. A sub-group of the
agriocrithonaccessions harbor a functiomtl haplotypeB1Ha@23that present in
btr2-type cultivarsplus a functionaBtr2 haplotype B2Hap26@r B2Hap268 derived
from B2Hap224 thapresent irbtrl-type cultivargTable 1) suggesting a
recombination between genBs1l andBtr2 following cultivar hybridzation ptr1Btr2

x Btrlbtr2)(Figure 6A) Brittle-rachis segregants have been successfully generated
from intercultivar crosse®ourkheirandislet al, 2015), showing the possibility of
recombination betwedrtrl andbtr2 and supporting the possible originagriocrithon

through recombination. An appropriate nomenclature for such typssusio-
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agriocrithon (Figure6). Origin for thisagriocrithongroupis notthrough lossof-
function mutation atrslin a sspspontaneunbackgroundecausehere is no example
of a sspspontaneunaccession carrying the sam&1/2 haplotype ashatrepresented
amongpseudo-agriocrithormccessionsAnother subgroup of theagriocrithon
accessionsuch as HOR 2456 from China, Tibet/Lhasa (Table 1) harbor a functional
Btrl hapletype B1Hap2lthat wassimilar to wild collected from Jordan plus a
functionalBtr2 haplotype B2Hap22that present iotrl-type cultivars, suggesting a
recombination‘between genBs1 andBtr2 following wild-cultivar hybridization
(Btr1Btr2 x btr1Btr2) (Figure 6B). It's also very unlikely that this group is a result of
loss-of-function mutationtarrslin a sspspontaneunbackground because the
haplotype combination or their close relatives does not exist in any of 505 ssp.
spontaneumstudied previously (Pourkheirandishal, 2015).The present germplasm
panel included 1®seudo-agriocrithomccessions, all collected from Tibet.
Agriocrithonbarleyof Tibet wassuggesteds a progenitdior domesticationresulting
in an independent type ofiltivated barleyDai et al, 2012, Dakt al, 2014), however
this hypothesis was based on phylogenetic analysis using whole genome and
transcriptomerdatdnatcan be affected by recombination. Based oncaarentresults
all of theagriocrithonmaterias from Tibetarepseudo-agriocrithorhat resultedrom
hybridization“involvingdomesticatedbarleys. Even though wkad no access to the
specificagriocrithonaccessionsised by Dai et al. (2012, 2014h)e present evidence
suggests that Tibetagriocrithonbarley resulted frorbtrl andbtr2 genetic

recombination that involved cultivated barley.

The origin of six-rowed barley s resolved The proposal here is thats1.aland
vrsl.ademerged iragriocrithon before they were introgressed into saggare (Figure
1). The ‘current germplasm panel comprised 196 six-rdaeey accessionsf which
149 were carriers ofrsl.al eight ofvrsl.a2 18 ofvrsl.a3and 21 ofvrsl.a4 The

origin ofstwosalleles\rs1.a2anda3) wasshown previously (Komatsuds al, 2007) to
involve single’mutatios atthevrsl locus that changeitie domesticated twmwed to
six-rowedsphenotype (Figure 1). The predominastl.alallele included the largest
number of derived haplotypésat agreavith the suggestion that it represents the most
ancientvrslallele (Komatsudeaet al, 2007). Bothvrs1l.alandvrsl.adarose in Central

Asia, some 2,500kmdistant from the sitef emergence of nobrittle rachis. The
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327 occurrencef six-rowed types among wild barley implies that siverowed allelepre-

328 dates domestication, when early farmers still relied onspgmtaneumThis time line
329 agrees, in part at least, with the notion thatreixed cultivated barley was derived from
330 agriocrithon(Aberg, 1938). The nobrittle rachis trait rpresents a strong genetic

331 bottleneck, and its geographical origin lies far from thaduedigriocrithon clearly

332 implyingthateu-agriocrithoncould not have been the immediate ancestooatforittle
333 barleys/They:were donorswafsl.alandvrsl.a4to cutivated barley.

334
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Experimental procedures

Plant materials. A set of 30agriocrithon (H. vulgaressp.vulgaref. agriocrithon

[Aberg] Bowd.) accessions was obtained from the Leibniz Institute of Plant Genetics
and Crop Plant Research (IPK, Gatersleben, Germany); the sites of collediioiedh
Tibet (17 accessions), Israel (2), Azerbaijan (1), Turkmenistan (1) and unknown (9)
(Tablesl)=Alkthese accessions had a brittle rachis andrawed spike. For cultivated
barley 274 accessions (Table S1) were obtained from Okayama University (Okayama,
Japan),rand“150"accessions of sppntaneunof diverse geographical origins (Table
S2) was, provided from ICARDA (Aleppo, Sy)id he material was all autumn sown in
the field at NIAS (Tsukuba, Japa®jzumamugi (AZ) is a Japanese-sowed cultivar

and SV169 and SV176 are sowed landraces collected in Nepal were used for
allelism tesofisix-rowed trait. GenBank accessiorsl.alhaplotype of AZ is

AB489126 and/rsl.adhaplotype of SV169 and SV176 are AB478714.

Amplicon sequencing and the detection and analysis of variant&enomicDNA of

all 30 agriocrithonaccessions was isolated from fresh leaves using an established
protocol (Komatsudat al, 1998). The three amplicons generated were (1) a 2.1 Kbp
fragment olvrslincluding about 660 bp upstream of the 900 bp coding sequence and
510 bp'downstream, (2) a 2.4 Kbp fragmenbtot including about 500 bp upstream of
the 600 bp.coding sequence and 1400 bp downstream, and (3) a 4.9 Kbp fragment of
btr2 including about 1900 bp upstream of the 600 bp coding sequence and 2400 bp
downstreamAmplicons were generated, purified and sequémsedescribed

previously (Komatsudat al, 2007, Purkheirandistet al, 2015). Sequencing reads
were imported into Sequencher v4.8 (Gene Codes Corp., Ann Arbor, MI, USA) for
assembly and low quality bases at the read ends were removed. Sexehaplotypes

of vrs1, 81 haplotypes dftrl and 127 haplotypes btr2 present in sspulgareand
ssp.spontaneumvere downloaded from GenBank (accession humbers provided in
(Saishoet-aly:2009, Pourkheirandistt al, 2015).

Phylogenetic analysisThe sequences were aligned using the ClustalW algorithm
implemented. in the MEGA 6 package (www.megasoftware.net). Singleton vdriants
those detected in just oaecession) were confirmed by manual checking of the

sequencing trace. Ahglogenetic analysis was carried out, using the neighbor-joining
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368 method in MEGA 6. Homogenous patterns among lineageardfatm rates of sites
369 were assumed for thghylogenetic angkis. The pairwis@leletion option for treating
370 gaps/missing dat@amuraet al, 2011) was adopted. A bootstrap analysis (500

371 replicates) was performed to provide confidence estimates for the tree topology.

372
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Figure legends

Figure L.Sehematic of the evolution of six-rowed barleys including the formation of
euwagriocrithon In euagriocrithon, vrs1.als shared byHOR 4904, HOR 3886, HOR
3900; HOR 3552, HOR 8509 and HOR 7269, arsd..adis shared b{HOR 3904,

HOR 3906, HOR 3905, HOR 3907, HOR 3902 and HOR 3903 (Table 1).

Figure 2, Allelism of vrs1.a4to thevrsllocus (A) cv. Azumamugi (AZyrsl.a). (B)
Tilman Camp 1 (SV169rsl.ag. (C) Gho 1 (SV176yrsl.ag. (D) F; resulting from
hybridization of SV169 and AZ. (E);Resulting from hybridization of SV176 and AZ.
Both F, hybrids showed sixowed spike confirming thatrs1.adis an allele avrs1

locus. Scale.bar =1 cm.

Figure 3. Gene tree of thersllocus based on re-sequencing of 150 wild and 274

domesticated accessions (Saishal, 2009) and 3@griocrithonaccessins from this
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489

study. Haplotype codes appear in Table 1 and supplementary Tables IThad 2.
multiple sequence alignment covers 2,067 nt and reveals 72 haplotypes. Haplotypes
occurring in sixrowed accessions are shown in bdunel split into four allele groups
(vrsl.altovrsl.ad. Haplotypes occurring in twmwed are shown in black except for
Hap8 ¢rs1.aj present in both six-rowed (ssplgareandagriocrithon) and twe

rowed accessions (ssgpontaneumare in blue. Haplotypes existingagriocrithonare
marked'with*€ircles. Hap10 appears onlgéeficieng(rudimental lateral spikelets).
Haplotypes.appear in ndirittle are marked with asterisk except for Hap&1.a4
appears in brittle rachis accessions too. Bootstrap values > 75% from 500 replieate

shown on thebranches.

Figure 4. Genge tree of thbtrl locus for theHordeum vulgargermplasm panel with

150 wildiand«274 domesticated accessions (Pourkheiraedath2015) plus 30
agriocrithenaccessions from this study. Abbreviated haplotype codes HO0O stand for
B1Hap000inTable 1 and supplementary Tables 1 ambdemultiple sequence
alignment covering 2,562 nt reveals 86 haplotyp&4.carriers are shown in orange
andBtrLin black.Haplotypes existing iagriocrithonaccessions are nia@d with dots.
Dashed lines.encircle haplotypes occurring in totgghtis accessions except for those
that also appear ipseudo-agriocrithoraccessionsHaplotype H023 occurs in wild

barley in-addition to domesticated aamgfiocrithonaccessions.

Figure's,Gene tree of thbtr2 locus for theHordeum vulgargermplasm panel with

150 wild and 274 domesticated accessions (Pourkheiraedaéh2015) plus 30

agriocrithonaccessions from this study. Abbreviated haplotype codes HOOO stand for
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B2Hap000 in Table 1 and supplementary Tables 1 amd€multiple sequence
alignment covers 5,181 nt and reveals 135 haplotygpescarriers are shown in green,
Btr2 in black.Haplotypes existing iagriocrithonaccessions are marked with dots.
Dashed lines encircleablotypes occurring in tougtachis types except for those

marked n blue that also presenpseudo-agriocrithon

Figure 6-0Origin of pseudeagriocrithon.(A) Hybridization between domesticated
barleys fellowed by recombination between kil andbtr2 genes created theseude
agriocrithon. t: B2Hap267 and B2Hap268 derived from B2Hap224 through
consequential nucleotides substitatin the 5’ noneoding region (B) Hybridization
betweenswild-and domesticated barley followed by recombination betwebtrtzand

btr2 genes created thpseudeagriocrithon.

Table 1. Allelic constitution for 30 lines of H. vulgare ssp. agriocrithon provided by

IPK.
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Wild barley Wild barley
(Vrs1.b2, .b3) (Vrs1.b1, .b4)
Btr1Btr2 Btr1Btr2

Cultivar, 2-rowed eu-agriocrithon
(Vrs1.b2, .b3) (vrsi.al, .a4)
btr1Btr2 or Btrlbtr2 Btr1Btr2
Cultivar, 6-rowed Cultivar, 6-rowed
(vrsi.a2, .a3) (vrsi.al, .a4)

btr1Btr2 or Btr1btr2 btr1Btr2 or Btribtr2

tpj_13876_f1.pptx

Figure 1. Schematic of the
evolution of six-rowed barleys
including the formation of eu-
agriocrithon. In eu-agriocrithon,
vrs1.al is shared by HOR 4904,
HOR 3886, HOR 3900, HOR 3552,
HOR 8509 and HOR 7269, and
vrs1.a4 is shared by HOR 3904,
HOR 3906, HOR 3905, HOR 3907,
HOR 3902 and HOR 3903 (Table 1).
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tpj_13876_f2.pptx

Figure 2. Allelism of vrs1.a4 to the vrs1 locus. (A) cv. Azumamugi (AZ,
vrsl.a1). (B)Tilman Camp 1 (SV169, vrs1.a4). (C) Gho 1 (SV176, vrs1.a4).
(D) F, resulting from hybridization of SV169 and AZ. (E) F, resulting from
hybridization.of SV176 and AZ. Both F, hybrids showed six-rowed spike
confirming that vrs1.a4 is an allele at vrs1 locus. Scale bar =1 cm.
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Figure 3. Gene tree of thersllocus based on re-sequencing of 150 wild and 274
domesticated accessior&afshoet al, 2009) and 3@griocrithonaccessions from this
study. Haplotype codes appear in Table 1 and supplementary Tables TThadltiple
sequence alignment covers 2,06 amd reveals 72 haplotypes. Haplotypes occurring in
six-rowed;accessions are shown in blue and split into four allele gmm;Flsaﬁto
vrsl.ad. Haplotypes occurring in twmwed are shown in black except for Hap8
(vrsl.ag present in both six-rowed (ssplgareandagriocrithon) and two-rowed
accessions ﬁsppontaneumare In blue. Haplotypes existingagriocrithonare marked
with circles.)Hap10 appears onlydeficiens(rudimental lateral spikelgtsHaplotypes
appear innemrittle are marked with asterisk except for Hap&1.a9 appears in brittle
{)achlshaccessmns too. Bootstrap values > 75% from 500 replicates are shown on the

ranches.
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Figure 4. Gene tree of the btr1 locus for the Hordeum vulgare germplasm panel with 150 wild
and 274 domesticated accessions (Pourkheirandish et al., 2015) plus 30 agriocrithon
accessions from this study. Abbreviated haplotype codes HOOO stand for B1Hap0O0O in Table 1
and supplementary Tables 1 and 2. The multiple sequence alignment covering 2,562 nt
reveals 86 haplotypes. btrl carriers are shown in orange and Btr1 in black. Haplotypes
existing in agriocrithon accessions are marked with dots. Dashed lines encircle haplotypes
occurring ingough-rachis accessions except for those that also appear in pseudo-agriocrithon
accessions. Haplotype H023 occurs in wild barley in addition to domesticated and
agriocrithon-accessions.
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Figure 5. Gene tree of the btr2 locus for the Hordeum vulgare germplasm panel with 150 wild
and 274 domesticated accessions (Pourkheirandish et al., 2015) plus 30 agriocrithon
accessions from this study. Abbreviated haplotype codes HOOO stand for B2Hap00O0 in Table 1
and supplementary Tables 1 and 2. The multiple sequence alignment covers 5,181 nt and
reveals 135 haplotypes. btr2 carriers are shown in green, Btr2 in black. Haplotypes existing in
agriocrithonraccessions are marked with dots. Dashed lines encircle haplotypes occurring in
tough-rachis'types except for those marked in blue that also present in pseudo-agriocrithon.
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Figure 6. Origin of pseudo-agriocrithon. (A) Hybridization between domesticated barleys
followed by.recombination between the btr1 and btr2 genes created the pseudo-
agriocrithon..t: B2Hap267 and B2Hap268 derived from B2Hap224 through consequential
nucleotides substitution in the 5’ non-coding region. (B) Hybridization between wild and
domesticated-barley followed by recombination between the btrl and btr2 genes created
the pseudo-agriocrithon.
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