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Abstract: Wheat breeding in Brazil began in 1919. A cross between the varieties 
Fronteira and Mentana gave rise to Frontana, the most popular ever released, 
being recommended for more than 40 years. Frontana played an important 
role as a source of resistance to leaf and stripe rust as well as resistance to pre-
harvest sprouting. Possessing an early maturity cycle, it contributed to change 
the predominant varietal pattern at that time. The resistance gene Lr34 was 
first described in Frontana. The gene confers durable adult plant resistance to 
leaf rust and other biotrophic fungi. Because of its durability, stability across 
environments, haplotype diversity and wide geographical distribution, Lr34 is 
probably the most important single resistance gene in wheat. We evaluated 453 
wheat varieties that have been released or recommended for cultivation in Brazil 
from 1922 to 2016 using KASPar markers to detect those varieties carrying the 
diagnostic mutations corresponding to the presence of the Lr34 resistance allele. 
Keywords: Adult plant resistance, leaf rust, diagnostic molecular markers, 
KASPar.
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1 �mƉresa �rasileira de WesƋuisa �ŐroƉecuĄria 
ʹ �mďraƉa �lima demƉerado͕ Zodovia �ZͲ

ϯ92͕ <m ϳϴ͕ Welotas͕ Z^͕ �raǌil
ϸ hniversidade &ederal do Zio 'rande do ^ul 

;h&Z'^Ϳ͕ �v͘  �ento 'onĕalves͕ ϳϳ12͘ Worto 
�leŐre͕ Z^͕ �raǌil

Ϲ �mƉresa �rasileira de WesƋuisa �ŐroƉecuĄria 
ʹ �mďraƉa driŐo͕ Zodovia �ZͲ2ϴϱ͕ <m 29ϰ͕ 

Wasso &undo͕ Z^͕ �raǌil

INTRODUCTION

theat ďreedinŐ in �raǌil͕ which ďeŐan in 1919͕ is comƉletinŐ a centurǇ in 
2019 ;�el �uca 1999͕ ^ousa and �aierĆo 201ϰͿ͘ dhe Įrst lines were selected 
from amonŐ Ɖrimitive wheats introduced ďǇ �uroƉean immiŐrants in the 16th 
centurǇ that disƉlaǇed liƩle adaƉtaďilitǇ to local ŐrowinŐ conditions ;�armo 
1911Ϳ͘ /n 192ϰ͕ the Įrst �raǌilian wheat varieties Ͳ WolǇssƷ and W' 1 ;a WolǇssƷ 
selectionͿ Ͳ were released͕ and soon aŌer were used intensivelǇ in crosses͕ ŐivinŐ 
rise to manǇ descendants amonŐ cultivars in �raǌil ;^ousa 200ϯͿ͘ /n the 1920s͕ 
the /talian siď cultivars Dentana and �rdito͕ released in /talǇ in the earlǇ 1900s 
;�orŐhi 2001Ϳ͕ were introduced and suďseƋuentlǇ widelǇ cultivated in �raǌil͖ on 
account of their outstandinŐ adaƉtaďilitǇ and disease resistance͕ theǇ were 
used as Ɖarents in manǇ local ďreedinŐ ƉroŐrams ;^ousa and �aierĆo 201ϰͿ͘ 
/n 19ϰ0 a cross ďetween &ronteira and Dentana Őave rise to &rontana ;�el 
�uca 1999Ϳ͕ the most ƉoƉular varietǇ ever released͕ now sowed across the 
countrǇ for more than ϰ0 Ǉears ;from 19ϰ0 to 19ϴϳͿ ;^ousa and �aierĆo 201ϰͿ͘ 
&rontana is the ŐenotǇƉe with the Őreatest numďer of oīsƉrinŐ amonŐ the 
commercial cultivars in �raǌil͕ with 1ϳϱ descendants in total͘ &rontana ƉlaǇed 
an imƉortant role as a source of resistance to leaf and striƉe rust͕ resistance 
to ƉreͲharvest sƉroutinŐ and as source of the earlǇ maturitǇ cǇcle͕ inherited 
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from Dentana͕ contriďutinŐ to chanŐe the Ɖredominant varietal ƉaƩern at that time ;^ousa and �aierĆo 201ϰͿ͘ 
Frontana has been traced as the source of the Lr34 Ƌuantitative trait locus in a siŐniĮcant ƉroƉortion of /nternational 
Daiǌe and theat /mƉrovement �enter ;�/DDzdͿ cultivars as well as in ,ard Zed ^ƉrinŐ theats from Eorth �merica 
;<olmer et al͘ 200ϴͿ͘ 

�t Ɖresent͕ Lr34 is the ďestͲŬnown and studied adult Ɖlant resistance ;�WZͿ Őene͘ /t Ɖrovides duraďle adult Ɖlant 
resistance to leaf rust ;Puccinia triticinaͿ as well as to other ďiotroƉhic funŐi causinŐ striƉe rust ;P. striiformisͿ͕ stem rust 
;P. graminis triticiͿ and ƉowderǇ mildew ;Blumeria graminisͿ ;�ǇcŬ 19ϳϳ͕ 'erman and <olmer 1992͕ �ossolini et al͘ 2006͕ 
^ƉielmeǇer et al͘ 200ϴͿ͘ �oͲseŐreŐation of Lr34 with other traits such as leaf tiƉ necrosis ;LtnͿ, tolerance to barley yellow 
dwarf virus ;Bdv1Ϳ and sƉot ďlotch (Bipolaris sorokinianaͿ have ďeen documented ;^inŐh 1992a͕ ď͕ Dc/ntosh 1992͕ ̂ inŐh 
199ϯ͕ :oshi et al͘ 200ϰ͕ ^ƉielmeǇer et al͘ 200ϱͿ͘ �ecause of its duraďilitǇ ;:ohnson 19ϴϰͿ͕ staďilitǇ across environments 
;>illemo et al͘ 2011Ϳ͕ ƉleiotroƉǇ ;<raƫnŐer et al͘ 2009Ϳ͕ haƉlotǇƉe diversitǇ and wide ŐeoŐraƉhical distriďution ;�aŬouri 
et al͘ 2010͕ �aŬouri et al͘ 201ϰͿ͕ Lr34 is ƉroďaďlǇ the most imƉortant sinŐle resistance Őene in wheat͘

�ecause the eǆƉression of the Lr34 multiͲƉathoŐen resistance locus is freƋuentlǇ masŬed ďǇ maũor Z Őenes͕ the 
develoƉment of molecular marŬers has ďeen a ƉrioritǇ in manǇ ďreedinŐ ƉroŐrams ;�ossolini et al͘ 2006͕ >aŐudah et 
al͘ 2006͕ <olmer et al͘ 200ϴ͕ Dc�allum et al͘ 200ϴ͕ >aŐudah et al͘ 2009Ϳ͘ dhe Lr34 Őene has ďeen isolated͕ seƋuenced 
and Ɖredicted to encode a ƉleiotroƉic druŐ resistance ;W�ZͲliŬeͿ �dWͲďindinŐ casseƩe ;���Ϳ transƉorter of 1͕ϰ01 amino 
acids ;<raƫnŐer et al͘ 2009Ϳ͘ dhis allowed the develoƉment of a ŐrouƉ of Ɖerfect diaŐnostic marŬers ;>aŐudah et al͘ 
2009Ϳ͕ includinŐ the ŐeneͲsƉeciĮc marŬer ca/E�11 ;that detects the d�� indel in eǆon 11Ϳ the ďest diaŐnostic marŬer 
for marŬerͲassisted selection of Lr34 due to its coͲdominancǇ and roďustness ;�aŬouri et al͘ 2010Ϳ͘ 

/n a centurǇ of wheat ďreedinŐ in �raǌil͕ the ũoint eīorts of manǇ Ɖuďlic and Ɖrivate research institutes resulted in 
the release of more than ϱϰ0 varieties to farmers͘ draits such as disease resistance͕ aluminum tolerance͕ cǇcle͕ Ɖlant 
heiŐht and architecture͕ as well as Ǉield and technoloŐical ƋualitǇ were the focus of these ďreedinŐ ƉroŐrams ;^ousa 
and �aierĆo 201ϰͿ͘ /n this ƉaƉer͕  we evaluated ϰϱϯ wheat varieties released or recommended for cultivation in �raǌil 
from 1922 to 2016 usinŐ <�^War marŬers to detect those varieties carrǇinŐ the diaŐnostic mutation corresƉondinŐ to 
the Lr34 resistance allele͘ �ased on the results of ďoth �E� and ƉediŐree analǇsis͕ we discuss the liŬelǇ inheritance 
of this locus throuŐh Őenerations of varieties released in �raǌil͕ from the verǇ ďeŐinninŐ of ďreedinŐ ƉroŐrams to the 
Ɖresent daǇ͘ te also Ɖresent the reactions to leaf rust in adult Ɖlant staŐes of a ŐrouƉ of varieties ƉossessinŐ the Lr34 
resistance locus and discuss the staďilitǇ of the rust reaction conferred across environments͘ 

MATERIAL AND METHODS

Plant material
dhe ŐermƉlasm collection comƉrised ϰϱϯ heǆaƉloid wheat ŐenotǇƉes that have ďeen under cultivation in �raǌil 

from 1922 to 2016 ;daďle ^1Ϳ͘ dhe maũoritǇ ;ϰϯ1Ϳ are imƉroved varieties Ɖroduced ďǇ local ďreedinŐ ƉroŐrams͘ � few 
varieties were introductions from /talǇ ;�rdito and DentanaͿ͕ hruŐuaǇ ;�entenĄrioͿ͕ �ustralia ;&lorenceͿ͕ �rŐentina 
;�ucŬ DanantialͿ͕ Deǆico ;�iano 6ϳ͕ /nia 66͕ :uƉateco ϳϯ͕ Witic 62͕ ̂ onora 6ϰ͕ danori ϳ1 and �nahuac ϳϱͿ͕ and WaraŐuaǇ 
;WaraŐuaǇ 21ϰ͕ WaraŐuaǇ 2ϴ1 and /taƉua ϱͿ͘ ̂ ome landraces ;�ranco͕ seadeiros͕ ̂ ales͕ �amacrąnia and �olonistaͿ and 
varieties of unŬnown oriŐin ;�andeirantes͕ 'eneral sarŐas and WeladinhoͿ that have ďeen cultivated in �raǌil were 
also analǇǌed͘ ^eeds were Ɖrovided ďǇ the �mďraƉa theat ŐermƉlasm ďanŬ located in Wasso &undo͕ in the state of 
Zio 'rande do ^ul͘ 

DNA extraction and marker analysis
^eeds from each accession were sown in commercial suďstrate and Őrown in a chamďer under controlled temƉerature 

;22ͬ1ϳ Σ�͕ daǇͬniŐhtͿ at 1ϰ h daǇlenŐth for 1ϱ daǇs͘ then the seedlinŐs were at the twoͲleaf staŐe͕ leaf seŐments from 
one seedlinŐ Ɖer accession were cut and Ɖlaced in 2 m> microtuďes͘ /mmediatelǇ aŌer͕  the leaf samƉles were lǇoƉhiliǌed 
for ϰϴ h͘ dhe dried tissue was macerated usinŐ dissue>Ǉser // ;YiaŐenͿ and the �E� was eǆtracted accordinŐ to the 
heǆadecǇltrimethǇlammonium ďromide ;�d��Ϳ ďuīer Ɖrotocol ;>efort and �ouŐlas 1999Ϳ͘ �E� concentrations were 
measured usinŐ a sƉectroƉhotometer ;dhermo ^cientiĮc͕ h^�Ϳ and normaliǌed to aďout 100 nŐ ʅ>Ͳ1͘ dhe �E� samƉles 
were Ɖlaced in 96Ͳwell Ɖlates ;W�ZͲ96Ͳ&>dͲ�͕ �ǆǇŐenͿ and sent to �en'en ;WtǇͿ >td͕͘ torcester͕  ^outh �frica͕ to ďe 
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analǇǌed usinŐ the <omƉetitive �llele ^ƉeciĮc W�Z ;<�^WarͿ marŬer͘  draitͲďased <�^W assaǇs for the Ɖresence of Lr34/
Yr18/Sr57/Pm38 alleles ;deld��ͬdeld��Ϳ or ;insd��ͬinsd��Ϳ were run as ƉreviouslǇ descriďed ;�reisiŐacŬer et al͘ 2016Ϳ͘ 
dhe wheat varietǇ <arieŐa was used as Ɖositive control and a no temƉlate control ;Ed�Ϳ was used as a neŐative control͘

Disease scoring
dhe reaction to leaf rust of some wheat varieties was evaluated under Įeld conditions͕ from 2006 to 2010 and in 

201ϯ͘ �ecause of the limited amount of seeds availaďle at the �mďraƉa theat ŐermƉlasm ďanŬ͕ onlǇ varieties with 
adeƋuate numďer of seeds reƋuired to staďlish Įeld Ɖlots were included͘ 'enetic stocŬs comƉrisinŐ nearͲisoŐenic lines 
and varieties from diverse oriŐins Ŭnown to Ɖossess the Lr34 Őene were also evaluated for rust reaction͘ ,iŐhlǇ susceƉtiďle 
�raǌilian varieties were used as controls͘ �ach ŐenotǇƉe was sowed in aƉƉroǆimatelǇ 1Ͳm rows͕ 20 cm aƉart͕ and ϰ0 to 
ϱ0 seeds were Ɖlanted Ɖer Ɖlot͘ ̂ Ɖreader rows of the susceƉtiďle varietǇ �� 10ϰ were sowed ƉerƉendicular to Ɖlots and 
inoculated in earlǇ :une with a miǆture of races of P. triticina covering a wide range of the virulence occurring in Brazil. 
Zaces chosen were as follows͗ �2ϱ ;>�:Z^Ϳ͕ �2ϳ ;D�ZDYͿ͕ �ϯϰ ;D�:�EͿ͕ �ϯϱ ;D�,�EͿ͕ �ϯ9 ;�'d�YͿ͕ �ϰϯ ;d��YZͿ͕ 
�ϰϴ ;D�:DdͿ͕ �ϰ9 ;d&d�^Ϳ͕ �ϱ0 ;^W:Z^Ϳ͕ �ϱ1 ;D&d�dͿ͕ �ϱ2 ;D&:DEͿ͕ �ϱϰ ;d&d�dͿ͕ �ϱϱ ;D&dDdͿ͕ �ϱ6 ;D&W�dͿ͕ �ϱϳ 
;d�dDZͿ͕ �ϱϴ ;D�WDZͿ and �ϱ9 ;D&dDdнͿ͘ dhe miǆture of isolates was susƉended in ̂ oltrol 1ϳ0 oil and sƉraǇed on the 
sƉreader rows in earlǇ Kctoďer usinŐ a ďacŬƉacŬ sƉraǇer͘  dhe severitǇ and resƉonse ratinŐ for adult Ɖlant Įeld resistance 
was ďased on the modiĮed �oďď scale ;Weterson et al͘ 19ϰϴͿ͘ dhe host infection tǇƉe was rated as Z с resistant͕ verǇ 
small uredinia with necrosis͖ DZ с moderatelǇ resistant͕ small to moderate uredinia with necrosis͖ D^ с moderatelǇ 
susceƉtiďle͕ smallͲtoͲmoderate uredinia with chlorosis͖ and ̂  с susceƉtiďle͕ larŐe uredinia without necrosis or chlorosis 
;Zoelfs et al͘ 1992Ϳ͘ >eaf rust severitǇ and resistance resƉonses were recorded in midͲEovemďer when the susceƉtiďle 
control �� 10ϰ had leaf rust severitǇ of at least ϴ0й͘

RESULTS AND DISCUSSION
/n a centurǇ of wheat ďreedinŐ in �raǌil͕ more than ϱϰ0 varieties were released to farmers͘ �ecause of the hiŐhlǇ 

conducive environments͕ one of the maũor concerns addressed ďǇ these ƉroŐrams was the enhancement of levels 
of resistance to the common wheat diseases͕ includinŐ leaf rust͘ &rom the ϰϱϯ accessions analǇǌed in this studǇ͕  11ϳ 
;2ϱ͘ϴ6йͿ were found to carrǇ the mutation ;deld��ͬdeld��Ϳ corresƉondinŐ to the Lr34 leaf rust resistance allele ;daďle 
^1Ϳ͘ � few lines Ɖresented a deletion in a sinŐle allele ;deld��ͬinsd��Ϳ͕ and therefore the Lr34 locus was not conĮrmed 
to ďe Ɖresent in these lines as a functional allele͘ dhe oriŐin of the Lr34 resistance allele in �raǌilian wheat varieties and 
its inheritance across decades over one century of wheat breeding is discussed below. 

The 1920s and 1930s
�oth Dentana and �rdito were found to carrǇ the Lr34 Őene usinŐ the diaŐnostic <�^W marŬers͕ which is in accordance 

with Ɖrevious results usinŐ other molecular marŬers ;<olmer et al͘ 200ϴ͕ �aŬouri et al͘ 201ϯͿ͘ Dentana is the older 
recognized source of the Lr34 locus in ^outh �merica ;<olmer et al͘ 200ϴͿ͖ it was traced to ďe the most liŬelǇ donor of 
the Lr34 Őene to the maũoritǇ of varieties detected to carrǇ this Őene͕ either directlǇ or indirectlǇ via &rontana ;&iŐure 
1Ϳ͘ �ranco and seadeiros are the oldest �raǌilian cultivars found to carrǇ the Lr34 resistance Őene ;daďle ^1Ϳ͘ �oth are 
landraces and their ƉediŐrees are unŬnown͕ and therefore the oriŐin of the Lr34 Őene in these varieties remains unclear͘  
Dinuano and ̂ urƉresa are also amonŐ the old cultivars ƉossessinŐ the Lr34 Őene͘ �oth were develoƉed ďǇ /war �ecŬman 
from a cross ďetween WolǇssƷ and �lfredo �haves 6Ͳ21͘ dhe cultivar �lfredo �haves 6Ͳ21 is a selection from the landrace 
durco ;^ousa 199ϱͿ͕ WolǇssƷ is a landrace selected from undetermined /talian varieties in the earlǇ 1900s ;^ousa 200ϯͿ͘ 
WolǇssƷ is the most liŬelǇ donor of the Lr34 Őene to Dinuano and ^urƉresa ďecause it carries the Ltn Őene ;causinŐ leaf 
tiƉ necrosisͿ which is a ƉhenotǇƉic marŬer associated with the Őene Lr34 ;^ousa and �arcellos 2000Ϳ͘ 

The 1940s
dhe Įrst descendants from Dentana were released in the 19ϰ0s͕ with &rontana ďeinŐ the most imƉortant varietǇ 

amonŐ them͘ &rontana is the most ƉoƉular varietǇ ever released in �raǌil͕ ďeinŐ sowed across the countrǇ for ϰϳ Ǉears 
;from 19ϰ0 to 19ϴϳͿ͘ &rontana is the varietǇ where the Őene Lr34 was Įrst descriďed ;�icŬ 19ϳϳͿ͘ ^uďseƋuentlǇ͕  it was 
included in the ŐrouƉ of Őenetic stocŬs used for the develoƉment of the diaŐnostic molecular marŬers ;>aŐudah et al͘ 
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2009Ϳ used in our studǇ͘ ,ere͕ we found that &rontana is the most liŬelǇ source of the Lr34 Őene of more than ϱ0 wheat 
varieties released for cultivation in �raǌil ;&iŐure 1Ϳ͘ /n addition to &rontana͕ other varieties released in the 19ϰ0 s͛ were 
found to possess the Lr34 Őene ;daďle ^1Ϳ͕ namelǇ͕  �incana͕ &loreana͕ ^ales͕ and >aŐeadinho͘ Witana descends from 
Dentana via &loreana͖ in our studǇ͕  it was found to Ɖossess the Lr34 gene as well. Pitana also carries the Lr13 resistance 
Őene͕ identiĮed due to the linŬaŐe with the Őene Ne2͕ ƉroducinŐ the hǇďrid necrosis ƉhenotǇƉe ;^ousa 1999Ϳ͘ 

The 1950s
Of the four varieties released in this decade and found to carry the Lr34 Őene usinŐ the diaŐnostic <�^W marŬers͕ 

three are descendants from &rontana ;daďle ^1͕ &iŐure 1Ϳ͕ seranſƉolis͕ �araǌinho͕ and &ortaleǌa͘ seranſƉolis and 
Carazinho also carry the Ne2 Őene ;�even 19ϳϯ͕ �even 19ϴ1Ϳ and maǇ carrǇ the Lr13 resistance Őene as well͘ �escendinŐ 
directlǇ from Dentana͕ the cultivar �, 11ϰ6 was released in 19ϱϱ and remained under cultivation for ϰϯ Ǉears ;^ousa 
and �aierĆo 201ϰͿ͘ /n addition to ƉossessinŐ the Lr34 resistance allele͕ �, 11ϰ6 was widelǇ used in the develoƉment 
of several other wheat ŐenotǇƉes͕ ƉrimarilǇ due its tolerance to �lϯн ;^ousa 199ϴͿ͘ Kur results are in accordance with 
previous reports in which the presence of the Lr34 Őene was Ɖostulated in seranſƉolis ;<aur et al͘ 2000͕ <olmer et 
al 200ϴͿ͕ �araǌinho ;Dc�allum et al͘ 2012Ϳ͕ &ortaleǌa ;�aŬouri et al͘ 201ϯͿ and in �, 11ϰ6 ;^ousa and �arcellos 2000͕ 
<olmer et al͘ 200ϴ͕ Dc/ntosh et al͘ 200ϴͿ͘

The 1960s
dhe Lr34 Őene Ɖresent in the varieties released in the 1960s ;daďle ^1Ϳ was ƉroďaďlǇ inherited in one of four waǇs͗ 

1Ϳ �irectlǇ or indirectlǇ from &rontana ;&iŐure 1Ϳ͗ /�� ϯ ʹ  descends directlǇ from &rontana͖ Eova Wrata and �otiƉorĆ ďoth 
descend from seranſƉolis͕ released in 19ϱ0 and ƉossessinŐ the Lr34 Őene͕ as ƉreviouslǇ discussed in this worŬ͘ �otiƉorĆ 
has been previously postulated to carry the Lr34 gene due to the presence of the Ltn gene associated with the leaf 
tiƉ necrosis ;^ousa and �arcellos 2000Ϳ͘ �reǆim most liŬelǇ inherited Lr34 from &rontana via �olotana͘ Eoďre ƉroďaďlǇ 
inherited Lr34 from &rontana via �olotana or zaŬtana ϱϰ͘ 2Ϳ /ndirectlǇ from Dentana ;&iŐure 1Ϳ͗ /�� ϴ ʹ WaraŐuaĕu 
probably inherited Lr34 from Dentana via ,eana͕ ďecause &loreana descends directlǇ from Dentana and was detected 
to possess the Lr34 Őene in this studǇ ;daďle ^1Ϳ͘ ϯͿ /ndirectlǇ from WolǇssƷ͗ Watriarca most liŬelǇ inherited Lr34 from 
Dinuano͕ as ƉreviouslǇ discussed in section The 1920s and 1930s͘ ϰͿ &rom undetermined sources͗ �ased on our results 
and on the ƉediŐree analǇsis͕ the oriŐin of the Lr34 Őene could not ďe traced in the followinŐ varieties͗ /�^Ͳ�Ͳϰϱ sila 
selha͕ /�^Ͳ�Ͳϰϴ 'uaraƉuava͕ and /�^ ϱ2͘ 

The 1970s
dhis Ɖeriod was marŬed ďǇ the eǆƉansion of wheat acreaŐe in �raǌil and ďǇ the creation of manǇ research centers 

for wheat imƉrovement͕ includinŐ the Eational theat Zesearch �enter of �mďraƉa ;�mďraƉa theatͿ͕ located in Wasso 
&undo͘ �urinŐ this decade͕ a lonŐͲlastinŐ collaďorative worŬ ďetween �mďraƉa theat and �/DDzd was estaďlished͘ 
DanǇ varieties from Deǆico and some varieties from WaraŐuaǇ͕  �rŐentina͕ and hruŐuaǇ were introduced for cultivation 
in ^outh �raǌil͕ and these were used in crosses ďǇ the local ďreedinŐ ƉroŐrams as well ;^ousa and �aierĆo 201ϰͿ͘ dhe 
Lr34 Őene was detected in 19 varieties released in the 19ϳ0s ;daďle ^1Ϳ͕ where it was ƉroďaďlǇ inherited in one of 
four waǇs͗ 1Ϳ /ndirectlǇ from &rontana ;&iŐure 1Ϳ͗ �ncruǌilhada most liŬelǇ inherited Lr34 from &rontana via &ortaleǌa͕ 
released in 19ϱϳ and ƉossessinŐ Lr34 as discussed ƉreviouslǇ in this ƉaƉer͘  �ϯϯ and sacaria most liŬelǇ inherited Lr34 
from &rontana via seranſƉolis͕ released in 19ϱ0͕ which descends directlǇ from &rontana and was detected to Ɖossess 
the Lr34 Őene͕ as discussed ƉreviouslǇ in this ƉaƉer͘  �iano 6ϳ is one of the Deǆican varieties introduced in �raǌil in the 
19ϳ0s and recommended for cultivation in 19ϳ6͕ which carries a comďination of adult Ɖlant resistance Őenes to leaf rust 
and stem rust͕ as a Lr13͕ Lr34 and Sr2 comƉleǆ ;Dishra 1992Ϳ͘ /t was widelǇ used in crosses ďǇ manǇ ďreedinŐ ƉroŐrams 
and a numďer of its descendants released in the 19ϴ0s were found to carrǇ the Lr34 resistance allele ;&iŐure 1Ϳ͕ as 
will ďe further discussed in this ƉaƉer͘  �iano 6ϳ most liŬelǇ inherited Lr34 from &rontana via �hris͕ a Eorth �merican 
varietǇ derivative of &rontana and Ŭnown to carrǇ Lr34 ;<olmer et al͘ 200ϴͿ͘ /�� 1ϯͲ>orena͕ released in 19ϳϳ͕ descends 
directlǇ from �iano 6ϳ and is assumed that theǇ share the same source of the Lr34 Őene͘ 'lſria ƉroďaďlǇ inherited Lr34 
from &rontana via deǌanos Winto �riollo͘ �lthouŐh we have not found anǇ ƉaƉer reƉortinŐ that deǌanos Winto �riollo 
possesses Lr34͕ ^elŬirŬ has ďeen characteriǌed as carrǇinŐ the csLV34a allele and a noͲLr34 varietǇ ;<olmer et al͘ 200ϴͿ͘ 
Walotina and Eamďu ƉroďaďlǇ inherited Lr34 from &rontana via deǌanos Wintos Wrecoǌ͕ which descends directlǇ from 
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&rontana ;'Z/^ 2019Ϳ and was detected to Ɖossess the Lr34 Őene ;<olmer et al͘ 200ϴ͕ �aŬouri et al͘ 201ϯͿ͘ dhe Deǆican 
varietǇ :uƉateco ϳϯ was verǇ ƉoƉular and achieved larŐe acreaŐe aŌer its release in 19ϳϴ ;^ousa and �aierĆo 201ϰͿ͘ /t 
has the same Lr34 resistance haƉlotǇƉe as Dentana and &rontana ;the diaŐnostic ϯͲďƉ deletion in eǆon 11Ϳ͕ suŐŐestinŐ 
the Őene has a sinŐle oriŐin in these varieties ;<raƫnŐer et al͘ 2009Ϳ͘ 2Ϳ �irectlǇ or indirectlǇ from Dentana ;&iŐure 1Ϳ͗ 
ZeŐardinŐ the varietǇ Walotina͕ it maǇ also ďe considered that Dentana could have ďeen the donor of Lr34 via Eainari 
60Ϳ͕ Ŭnown to carrǇ the csLV34b allele͕ the functional form of Lr34 ;<olmer et al͘ 200ϴͿ͘ dhe varietǇ �onĮanĕa is a 
Eainari 60 reselection released in 19ϳϳ͕ and we assume it inherited Lr34 from Dentana as discussed͘ WaraŐuaǇ 2ϴ1 is 
a WaraŐuaǇan varietǇ descended from Dentana and recommended for cultivation in 19ϳϴ͘ /�� 1ϴͲyavantes descends 
from �, 11ϰ6͕ released in the 19ϱ0s͕ which was a verǇ imƉortant varietǇ in �raǌil͕ as discussed ƉreviouslǇ in this ƉaƉer͘  
ϯͿ ^ources other than &rontana or Dentana͗ ^ome varieties have comƉleǆ ƉediŐrees͕ maŬinŐ the source of the Lr34 
Őene less than oďvious͘ dhe �raǌilian varieties >� 1ϰϯϰ and W�d 2ϰ most liŬelǇ inherited Lr34 from the Deǆican varieties 
zaƋui ϰϴ and EorteŹo 6ϳ͕ ďoth ƉossessinŐ this resistance Őene ;Dishra 1992͕ <olmer et al͘ 200ϴͿ͖ nevertheless͕ the 
source is not clear considerinŐ their ƉediŐrees ;'Z/^ 2019Ϳ͘ ϰͿ &rom undetermined sources͗ �ased on our results and 
on the ƉediŐree analǇsis͕ the oriŐin of the Lr34 Őene could not ďe traced in the followinŐ varieties͗ ^ ϳ6͕ ,ulha EeŐra͕ 
Peladinho and >� 1ϱϰ9͘ /taƉua ϱ is a WaraŐuaǇan varietǇ released for cultivation in �raǌil in 19ϳ9͘ /t Ɖossesses a comƉleǆ 
ƉediŐree in which Dentana͕ �rdito͕ and &rontana are Ɖresent ;'Z/^ 2019Ϳ͖ nevertheless͕ none of its Ɖarental varieties 
are reported to carry the Lr34 gene.

The 1980s
dhis decade was consideraďlǇ ƉroliĮc͕ with 10ϯ varieties released ďǇ local ďreedinŐ ƉroŐram ;^ousa and �aierĆo 

201ϰͿ͘ dhirtǇͲĮve varieties were found to carrǇ the Lr34 resistant allele ;daďle ̂ 1Ϳ͕ the maũoritǇ from ďreedinŐ ƉroŐrams 
led ďǇ �mďraƉa ;varieties driŐo �ZͿ͕ the �Őronomic /nstitute of �amƉinas ;varieties /��Ϳ͕ the �Őronomic /nstitute of 
WaranĄ ;varieties /aƉarͿ and the former KrŐaniǌation of �ooƉeratives of the ̂ tate of WaranĄ ;varieties KceƉarͿ͕ currentlǇ 
the �ooƉerative for dechnoloŐical and �conomic �eveloƉment ;�oodetecͿ͘ /t is Ɖroďaďle that the Lr34 gene detected 
in the varieties released in the 19ϴ0s had ďeen inherited in one of three waǇs͗ 1Ϳ /ndirectlǇ from &rontana ;&iŐure 1Ϳ͗ 
driŐo �Z 2ϯ most liŬelǇ inherited Lr34 from &rontana via �otiƉorĆ͕ with seranſƉolis ďeinŐ a direct descendant from 
Frontana that carries the Lr34 Őene͕ as discussed ƉreviouslǇ in section The 1950s͘ dhe varietǇ driŐo �Z 2ϯ was ƉreviouslǇ 
reported to carry the Ltn Őene causinŐ leaf tiƉ necrosis͕ a ƉhenotǇƉic marŬer associated with the Őene Lr34 ;^ousa and 
�arcellos 2000Ϳ͘ /t also carries the Lr13 resistance Őene͕ identiĮed due to the linŬaŐe with the Őene Ne2 producing the 
hǇďrid necrosis ƉhenotǇƉe ;^ousa 1999Ϳ͘ �iano 6ϳ ;&iŐure 1Ϳ and deǌanos Winto Wrecoǌ͕ ďoth descendinŐ from &rontana 
and possessing Lr34 ;as ƉreviouslǇ discussed in section The 1970sͿ are most liŬelǇ the donors of Lr34 to the following 
varieties͗ WavĆo͕ KceƉar ϳͲ�atuşra͕ �utuş͕ driŐo �Z 11Ͳ'uarani͕ KceƉar ϴͲDacuco͕ KceƉar 10Ͳ'arĕa͕ KceƉar 11Ͳ:uriti͕ /�� 
162ͲduiuiƷ͕ driŐo �Z 1ϳͲ�aiuĄ͕ driŐo �Z 1ϴͲderena͕ /aƉar 21ͲdaƋuari͕ /aƉar ϯ0ͲWiratĆ͕ driŐo �Z 29Ͳ:avaĠ͕ KceƉar 1ϳ͕ /aƉar 
1ͲDitacorĠ͕ �l Wato͕ W�d ϳ22ϰϳ͕ /aƉar 1ϳͲ�aetĠ͕ /aƉar 29Ͳ�acatu͕ /�� ϳ2ͲdaƉaũſs͕ driŐo �Z ϯϯͲ'uarĄ͕ and KceƉar 16͘ dhe 
ƉediŐree analǇsis ;daďle ̂ 1Ϳ indicates that these two varieties and their descendants͕ includinŐ �lueďird͕ �ldan ̂ iď͕ ̂ isŬin 
^iď͕ doďari 66͕ :aral ^iď͕ and �lueũaǇ ;all ƉossessinŐ Lr34Ϳ ƉarticiƉated in hiŐh freƋuencǇ in the crosses oriŐinatinŐ the 
aďoveͲmentioned varieties͘ Ktherwise͕ the �/DDzdͲderived varieties �alidad and Wenũamo 62 also ƉarticiƉated in the 
cross oriŐinatinŐ WavĆo͕ /aƉar 21ͲdaƋuari͕ and /�� 162ͲduiuiƷ͕ and therefore are liŬelǇ donors of Lr34. 2Ϳ /ndirectlǇ from 
Dentana͗ dhree of the aďoveͲmentioned varieties͕ namelǇ KceƉar ϳͲ�atuşra͕ /�� 162ͲduiuiƷ͕ and /aƉar 21ͲdaƋuari also 
could have inherited Lr34 from <avŬaǌ͕ a �uroƉean winter wheat descendinŐ from �rdito ;a siď cultivar to DentanaͿ͕ 
reported to carry the csLV34b allele ;<olmer et al͘ 200ϴͿ͘ driŐo �Z 9Ͳ�errados and ^errano most liŬelǇ inherited Lr34 
from Dentana via �, 11ϰ6͕ released in the 19ϱ0s ;&iŐure 1Ϳ͕ as ƉreviouslǇ discussed͘ KceƉar 1ϰ ƉroďaďlǇ inherited Lr34 
from Dentana via �lmond͘ KceƉar 1ϰ also has ďacŬŐround from �ocoraƋue ϳϱ͕ a Deǆican varietǇ carrǇinŐ the csLV34b 
allele ;<olmer et al͘ 200ϴͿ released for cultivation in �raǌil in 19ϴ1 ;^ousa and �aierĆo 201ϰͿ͘ ϯͿ &rom undetermined 
sources͗ �ased on our results and on the ƉediŐree analǇsis͕ the oriŐin of the Lr34 gene could not be traced in the 
followinŐ varieties͗ /aƉar ϯͲ�racatu͕ :andaia͕ /aƉar 6ͲdaƉeũara͕ /�� 21Ͳ/Őuaĕu͕ Dinuano ϴ2͕ /�� 2ϯͲdocantins͕ Z^ 1Ͳ&ġniǆ͕ 
Z^ ϰͲ/ďiraiaras͕ /�� 2ϳͲWantaneiro͕ and driŐo �Z ϯϱ͘ driŐo �Z ϯϱ has ďeen ƉreviouslǇ Ɖostulated to carrǇ a comďination 
of Lr13нLr34 resistance Őenes͕ due to the Ɖresence of the Ltn and Ne2 Őenes͕ causinŐ leaf tiƉ necrosis and the hǇďrid 
necrosis ƉhenotǇƉe͕ resƉectivelǇ ;^ousa 1999͕ ^ousa and �arcellos 2000Ϳ͘ 

The 1990s
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Figure 1. >iŬelǇ oriŐin and inheritance of the Lr34 resistance allele in wheat varieties released in �raǌil from 1922 to 2016͘
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dhe 1990s were eƋuallǇ ƉroliĮc reŐardinŐ the numďer of varieties released ;^ousa and �aierĆo 201ϰͿ͘ ,owever͕  there 
was decrease in the numďer of varieties detected to carrǇ the Lr34 Őene ;11 varieties͕ daďle ̂ 1Ϳ͕ ƉroďaďlǇ inherited in one 
of three waǇs͗ 1Ϳ /ndirectlǇ from &rontana ;&iŐure 1Ϳ͗ driŐo �Z ϯ9ͲWaraƷma͕ /aƉar ϰϳ͕ /aƉar 60 ͕ and /�� 2ϴϳͲzaco  have 
ƉediŐrees that trace ďacŬ to the cultivars �iano 6ϳ͕ �hris͕ and deǌanos Wintos Wrecoǌ͕ which were imƉortant sources of 
the Lr34 Őene in the varieties released in the 19ϳ0s͕ as ƉreviouslǇ discussed in this ƉaƉer͘  dhe Deǆican varietǇ :uƉateco 
ϳϯ ;see section The 1970sͿ is the most liŬelǇ donor of Lr34 to �mďraƉa 22 and is ƉossiďlǇ the source of Lr34 in /aƉar 60͘ 
/�� 2ϴϳ maǇ also have inherited Lr34 from �ocoraƋue ϳϱ͕ which also carries the csLV34b allele ;<olmer et al͘ 200ϴͿ as 
ƉreviouslǇ discussed in section The 1980s͘ 2Ϳ /ndirectlǇ from Dentana͗ dhe aďoveͲmentioned variety /aƉar ϰϳ͕ alternativelǇ͕  
maǇ have inherited Lr34 from Dentana via <avŬaǌ͕ as ƉreviouslǇ discussed in section The 1980s͘ /�� 22ϳͲ�nhumas  and 
driŐo �Z ϰ1ͲKfaĠ most liŬelǇ inherited Lr34 from Dentana via �, 11ϰ6 ;&iŐure 1Ϳ͕ as ƉreviouslǇ discussed in the section 
The 1950s͘ �� 10ϯ ƉroďaďlǇ inherited Lr34 from KceƉar 1ϰ͕ released in 19ϴϴ͕ which ƉediŐree has ďeen discussed in the 
corresƉondinŐ section͘ ϯͿ &rom undetermined sources͗ �ased on our results and on the ƉediŐree analǇsis͕ the oriŐin 
of the Lr34 Őene could not ďe traced in three varieties͗ Z^ ϴͲtestƉhalen͕ Danitoďa 9ϳ͕ and /aƉar ϰ0ͲDirim͘ <olmer et 
al͘ ;200ϴͿ included /�� ϱͲDarinŐĄ in the ŐrouƉ of varieties ƉossessinŐ the csLV34b allele͕ and then this varietǇ could 
be considered as the donor of Lr34 to /aƉar ϰ0͘ ,owever͕  in our studǇ͕  /�� ϱ was not found to Ɖossess the diaŐnostic 
deletion that unamďiŐuouslǇ identifǇ the Ɖresence of Lr34. 

The 2000s
te tested ϴϳ varieties released for cultivation ďetween 2000 and 2009͘ Kf these͕ 19 were found to Ɖossess the Lr34 

allele ;daďle ^1Ϳ all of which were ƉroďaďlǇ inherited in one of three waǇs͗ 1Ϳ /ndirectlǇ from &rontana ;&iŐure 1Ϳ͗ dhe 
varietǇ driŐo �Z 2ϯ was released in the 19ϴ0s ;Ɖlease refer to this section for ƉediŐree analǇsisͿ and was widelǇ cultivated 
in the 1990s ;^ousa and �aierĆo 201ϰͿ͘ /t is the most liŬelǇ donor of the Lr34 Őene to �Z^ 20ϴ͕ �Z^ 210͕ �� 10ϳ �Z^ 
'uatamďu͕ �Z^ �amďoim͕ and �Z^ danŐarĄ͘ Ktherwise͕ �� 10ϳ maǇ have inherited Lr34 from �ocoraƋue ϳϱ or from 
driŐo �Z ϯϱ ;see section The 1980sͿ͘ ZeŐardinŐ the varietǇ �Z^ �amďoim͕ an alternative oriŐin of the Lr34 allele maǇ ďe 
the �rŐentinian varietǇ <lein �artucho͕ reƉorted to carrǇ the csLV34b allele ;<olmer et al͘ 200ϴͿ͕ ƉresumaďlǇ inherited 
from Wenũamo 62͕ :uƉateco ϳϯͿ or �alidad͘ dhe varieties �Z^ 2ϱϰ͕ /WZ ϴϳ͕ �lcover͕  /�� ϯ62Ͳducuruş // and /�� ϯϴ0Ͳ^aşra 

are descendants from varieties released in the 19ϴ0s and 1990s ;�mďraƉa 22͕ /aƉar 29͕ KceƉar 16 and /�� 2ϴϳͲzacoͿ 
which have ƉediŐrees that trace ďacŬ to Lr34ͲcarrǇinŐ varieties deǌanos Wintos Wrecoǌ͕ :uƉateco ϳϯ͕ �iano 6ϳ and �hris 
;see section The 1970sͿ͘ 2Ϳ /ndirectlǇ from Dentana͗ �Z^ 296 ƉroďaďlǇ inherited Lr34 from the �ustralian varietǇ �ooŬ͕ 
a derivative of WW15 с Anza (McIntosh et al. 1995). tt1ϱ and �nǌa served as ŬeǇ donors of Lr34 in the Australian 
wheat gene pool and were oriŐinated from the �/DDzd varietǇ >erma Zoũo͕ which is derivative of crosses with Dentana 
;'Z/^ 2019Ϳ and was found to carrǇ the csVL34b allele ;<olmer et al͘ 200ϴͿ͘ ϯͿ &rom undetermined sources͗ �ased on 
our results and on the ƉediŐree analǇsis͕ the oriŐin of the Lr34 Őene could not ďe traced in the followinŐ varieties͗ �� 
106͕ /�� ϯ6ϰͲducuruş ///͕ �� 109͕ �Z^ �amďoatĄ͕ �Z^ ZeƉonte͕ �Z^ 'uamirim and /WZ 129͘

The 2010s
�esƉite the Őreat ƉroŐress of wheat ďreedinŐ oďserved in the current decade͕ when 62 varieties were released ďǇ 11 

Ɖuďlic and Ɖrivate comƉanies͕ there was a steeƉ decrease in the numďer of varieties carrǇinŐ the Lr34 ;onlǇ ϳͿ͕ the least 
since the landmarŬ reƉresented ďǇ &ontana͘ dhis reduction maǇ ďe ďecause the Lr34Ͳmediated resistance imƉoses hiŐh 
enerŐetic demands that lead to the induction of multiƉle metaďolic resƉonses to suƉƉort cellular enerŐǇ reƋuirements 
;�olton et al͘ 200ϴͿ͘ dhe enerŐetic cost of the resistance Ɖrovided ďǇ the Lr34 Őene maǇ ƉroďaďlǇ aīect the Ǉield so 
as to neŐativelǇ aīect the selection of lines carrǇinŐ the Lr34 locus͘ &urthermore͕ the selection Ɖressure for cultivars 
with ďeƩer Őrain ƋualitǇ could have decreased the intensitǇ of selection for resistance to rust͘ /n the varieties released 
in the 2010s in which the Lr34 Őene was found͕ inheritance maǇ have occurred in one of two waǇs͗  1Ϳ /ndirectlǇ from 
&rontana ;&iŐure 1Ϳ͗ �Z^ ^aďiĄ  and /�� ϯϴϱͲDoũave  descend from varieties �Z^ 210 ;released in 19ϴϴͿ and /�� 2ϴϳͲ
zaco ;released in 1991Ϳ͕ resƉectivelǇ͘ /n our studǇ͕  ďoth �Z^ 210 and /�� 2ϴϳͲzaco were found to carrǇ the Lr34 gene 
with oriŐin traced ďacŬ to &rontana͕ as discussed in the resƉective sections ;see sections The 1980s and The 1990sͿ͘ 
2Ϳ &rom undetermined sources͗ �ased on our results and on the ƉediŐree analǇsis͕ the oriŐin of the Lr34 gene could 
not ďe traced in the followinŐ varieties͗ d�/K ^eleto͕ >' Wrisma͕ and &W^ �ertero͘ �lthouŐh �Z^ Darcante and >' ^uƉra 
most ƉroďaďlǇ inherited Lr34 from �Z^ 'uamirim ;released in 200ϰͿ͕ nevertheless͕ the source of the resistant allele in 
this varietǇ could not ďe traced in our worŬ͘ 
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Adult plant field resistance
dhe resistance ƉhenotǇƉe of Lr34 is characteriǌed ďǇ an increased latent Ɖeriod͕ reduced infection freƋuencǇ͕  smaller 

uredinia͕ and a decreasinŐ Őradient of uredinia from leaf ďase to tiƉ ;�olton et al͘ 200ϴͿ͘ 'enetic analǇsis of &rontana 
and manǇ �/DDzd wheats showinŐ hiŐh levels of Ɖartial resistance to leaf rust worldwide indicates that this adult 
Ɖlant resistance is ďased on the additive interaction of Lr34 and two or three additional slow rustinŐ Őenes ;^inŐh and 
Zaũaram 1992Ϳ͘ /n Deǆico͕ leaf rust severitǇ on most cultivars can ďe related to the numďer of slow rustinŐ Őenes theǇ 
carrǇ͘ thile susceƉtiďle cultivars can show 100й of leaf rust severitǇ͕  cultivars carrǇinŐ Lr34 alone can disƉlaǇ ϱ0й of 
rust severitǇ͖ cultivars with Lr34 Ɖlus one or two minor Őenes disƉlaǇ uƉ to ϯ0й of severitǇ͖ and cultivars with Lr34 and 
two or three additional Őenes show a staďle resƉonse across environments͕ with Įnal leaf rust ratinŐs lower than 10й 
;^inŐh and Zaũaram 2002Ϳ͘ /n �raǌil͕ wheatͲƉroducinŐ areas are in environments verǇ conducive to leaf rust eƉidemics 
and Ɖrevalent races chanŐe dramaticallǇ over time accordinŐ to the resistance Őenes Ɖresent in the commercial cultivars 
;'erman et al͘ 200ϳͿ͘ /n our worŬ͕ the susceƉtiďle varieties disƉlaǇed hiŐh levels of severitǇ͕ mostlǇ ϴ0й to 100й͕ 
while the Lr34ͲcarrǇinŐ ŐenotǇƉes ;�raǌilian varieties and Lr34ͲŐenetic stocŬsͿ showed reactions comƉatiďle with the 
ƉhenotǇƉes descriďed aďove ;daďle 1Ϳ͘ �monŐ the varieties͕ Witana and �, 11ϰ6 liŬelǇ Ɖossess the Lr34 Őene alone͕ 
ďecause the leaf rust reaction ranŐed from 1ϱй to ϱ0й of severitǇ with susceƉtiďle infection tǇƉes͘ dhese varieties 
have ďeen reƉorted to carrǇ additional Lr Őenes ;daďle 1Ϳ͖ however͕  theǇ are not eīective aŐainst the Ɖrevalent races 
occurrinŐ in the ^outhern �one of �merica ;'erman et al͘ 2011Ϳ͘ dhe Įeld reaction of �incana͕ Watriarca͕ Dinuano ϴ2͕ 
driŐo �Z͕ 1ϴͲderena͕ driŐo �Z 2ϯ͕ driŐo �Z ϯϱ͕ �mďraƉa 22͕ �� 10ϯ͕ �Z^ 20ϴ͕ /WZ ϴϳ͕ �Z^ 'uatamďu͕ �Z^ �amďoatĄ͕ �Z^ 
2ϱϰ͕ and /�� ϯϴϱͲDoũave ranŐed from ϱ^ to ϯ0^D^DZ ;daďle 1Ϳ͕ comƉatiďle with the Ɖresence of Lr34 associated with 
one or two additional resistance Őenes͘ dhe Įeld reaction of Z^ ϴͲtestƉhalen͕ �Z^ 210͕ �Z^ 'uamirim͕ �Z^ danŐarĄ͕ 
�Z^ 296͕ �Z^ Darcante and �Z^ ^aďiĄ ranŐed across Ǉears from 1^ to 20DZ͕ suŐŐestinŐ that͕ in these varieties͕ the 
resistance probably is due to the presence of Lr34 and two͕ three͕ or more additional Őenes͘ dhe Lr34ͲcarrǇinŐ Őenetic 
stocŬs disƉlaǇed low levels of disease severitǇ ;daďle 1Ϳ ranŐinŐ from ϯ^ to 20^D^ in Z> 60ϱ0͕ Z> 611ϰ͕ Z> 60ϱϴ͕ �hris͕ 

Table 1. �dult Ɖlant rust reaction under Įeld conditions of �raǌilian Lr34ͲcarrǇinŐ wheat varieties͕ Lr34ͲcarrǇinŐ Őenetic stocŬs and 
susceƉtiďle varieties

Wheat variety 
(Year of release)

Adult plant rust reaction in the field *
Genetic background **

2006 2007 2008 2009 2010 2013

Lr34-carrying varieties 

&rontana ;19ϰ0Ϳ ϱ^ 10^D^ 10^D^ 10^ 1ϱ^D^ 1ϱD^ Ne2͕ Ne2m͕ Ltn͕ LrT2͕ LrT3͕ Lr13͕ Lr34-csLV34b͕ Lr1͕ 
Lr3͕ Lr10͕ Lr13͕ Lr15͕ Lr20͕ Lr22͕ Lr28͕ Sr2͕ Bdv1

�incana ;19ϰ2Ϳ 20^ ͲͲͲ ͲͲͲ 10^ ͲͲͲ ϯ0D^ E�

Witana ;19ϱ͍Ϳ 1ϱ^ ϱ^ 20^ ϱ0^ ͲͲͲ ϯ0D^ Ne2͕ Lr13

�, 11ϰ6 ;19ϱϱͿ 1ϱ^ 20^ ϱ0^ ϰϱ^ ϱ0^ ϰ0^ Ltn͕ Lr13͕ Lr34͕ csLV34b͕ Lr14a͕ Lr27͕ Sr2

�otiƉorĆ ;196ϱͿ ͲͲͲ ͲͲͲ ͲͲͲ ͲͲͲ 20^D^ ͲͲͲ Lr34͕ Ltn

Watriarca ;1969Ϳ ϱD^DZ  ͲͲͲ ϯ0^D^  ͲͲͲ 20D^ ϯ0D^ E�
,ulha EeŐra ;19ϳϳͿ ϱ^ ͲͲͲ ϱD^DZ 10^D^ ͲͲͲ 1ϱDZ E�
Dinuano ϴ2 ;19ϴ2Ϳ 20^ ͲͲͲ ϯ0^ 20D^DZ ͲͲͲ 20DZD^ Lr34͕ Ltn

driŐo �Z 1ϴͲderena ;19ϴ6Ϳ ϯ0D^DZ ϱD^ 20^ ͲͲͲ 2ϱ^D^ 20ZDZ Ne2͕ Lr13

driŐo �Z 2ϯ ;19ϴϴͿ 20^ ϯ0^ 2ϱ^ 2ϱ^ 10^D^ ϯ0^D^ Ne2͕ Ltn͕ Lr13͕ Lr34 
driŐo �Z ϯϱ ;19ϴ9Ϳ 20^ ϱ^D^ ϯϱ^ 1ϱ^D^ ϯ0^ ϯ0^D^ Ne2͕ Ltn͕ Lr13͕ Lr34 
Z^ ϴͲtestƉhalen ;1991Ϳ 1D^ ͲͲͲ ϱ^D^ 1ϱD^ ͲͲͲ ϱDZ Lr34͕ Ltn

�mďraƉa 22 ;199ϯͿ ϯ0^ ϱD^ 1ϱ^D^ ͲͲͲ 1ϱ^D^ ͲͲͲ E�
�� 10ϯ ;199ϴͿ 1ϱD^ ͲͲͲ ͲͲͲ 2ϱ^D^ ͲͲͲ 20^ E�
�Z^ 20ϴ ;2001Ϳ 10^D^ 1ϱ^ 2ϱ^ 1ϱ^ 20^ 1D^ E�
�Z^ 210 ;2002Ϳ 1ϱD^DZ ϱD^DZ 1ϱ^D^ 1ϱD^ ͲͲͲ ͲͲͲ E�
/WZ ϴϳ ;2002Ϳ ͲͲͲ 1ϱ^ ϱ^ ͲͲͲ ͲͲͲ ͲͲͲ E�
�Z^ 'uatamďu ;200ϯͿ 20^D^ ͲͲͲ ͲͲͲ 1^ ϱ^ ͲͲͲ E�
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�Z^ �amďoatĄ ;200ϯͿ ͲͲͲ 10D^ 2ϱ^ ͲͲͲ 2ϱ^ ͲͲͲ E�
�Z^ 'uamirim ;200ϰͿ ϱ^D^ 1^D^ 1ϱ^ ϱD^DZ ϱ^ ͲͲͲ E�
�Z^ 2ϱϰ ;200ϱͿ 10^ ϱD^ 1ϱ^D^ 2ϱD^DZ ͲͲͲ ͲͲͲ E�
/WZ 129 ;2006Ϳ ϯ0^ 1D^ ϯ0^ ͲͲͲ ͲͲͲ ͲͲͲ E�
�Z^ danŐarĄ ;200ϳͿ 10D^DZ1 ϱ^ 10^ 1ϱD^DZ ϱ^ ͲͲͲ E�
�Z^ 296 ;2009Ϳ ϱ^D^2 dD^2 ͲͲͲ ϴD^ 1^ 1ϱD^ E�
�Z^ Darcante ;2012Ϳ ͲͲͲ ͲͲͲ ͲͲͲ ͲͲͲ ϯD^ϯ 20DZ E�
/�� ϯϴϱͲDoũave ;2012Ϳ ͲͲͲ ͲͲͲ ͲͲͲ ͲͲͲ ͲͲͲ ϯ0^D^ E�

Wheat variety 
(Year of release) Adult plant rust reaction in the field * Genetic background **

Lr34-carrying genetic stocks and genotypes 
Z> 60ϱ0 10^ ͲͲͲ 20^D^ 10^D^ ͲͲͲ ͲͲͲ Lr13нLr34

Z> 611ϰ 10^D^ ͲͲͲ 10^ 10D^ ͲͲͲ ͲͲͲ Lr13нLr34

Z> 60ϱϴ 10^D^ ͲͲͲ 10^ 10D^ Lr34

Chris ϱD^ ͲͲͲ ͲͲͲ 10^ ͲͲͲ ͲͲͲ Lr10͕ Lr13͕ Lr27͕ Lr34-csLV34b

�ocoraƋue ϳϱ 20Z10^ ͲͲͲ ͲͲͲ ͲͲͲ ͲͲͲ ͲͲͲ Ne2͕ Ltn͕ Lr12͕ Lr13͕ Lr34-csLV34b͕ Lr3͕ Lr14a͕ Lr17͕ 
Lr17a͕ Lr27͕ Lr31

�oŬer ϳ9ϳ 1ϱZͬϱ^ ͲͲͲ ͲͲͲ 1ϱZ ͲͲͲ ͲͲͲ Lr10͕ Lr11͕ Lr13͕ Lr14a͕ Lr34͕ Lr18н
�ucŬ �ucŬ 1ϱDZD^ ͲͲͲ ϱD^ 1ϱD^DZ ͲͲͲ ͲͲͲ Lr13͕ Lr16 
Era ϱ^ ͲͲͲ ͲͲͲ 60^ ͲͲͲ ͲͲͲ Ltn͕ Sr2͕ Lr13͕ Lr34-csLV34b͕ Lr10͕ Lr12͕ Lr23͕ Lr27

�smeralda ϴ6 20^ ͲͲͲ ͲͲͲ 2ϱ^D^ ͲͲͲ ͲͲͲ Ltn͕ Sr2͕ Lr13͕ Lr34-csLV34b͕ Lr10͕ Lr14a͕ 
Yr18͕ d1�>͘1Z^͕ Bdv1

'lenlea ϴ^ ϯ0^ ͲͲͲ ϯϱ^ ͲͲͲ ͲͲͲ Lr1͕ Lr13͕ Lr34-csLV34b͕ lr12͕ Yr18͕ Lr46

WamƉa /Ed� 1ϱDZD^ ͲͲͲ 1ϱ^ 10D^ ͲͲͲ Rht2͕ Lr28͕ Lr34.

Parula ϱD^ ͲͲͲ ϯ^ ͲͲͲ ͲͲͲ ͲͲͲ Ltn1͕ Ltn2͕ Lr3b͕ Lr13͕ Lr34ͬYr18ͬSr57ͬPm38-csLV34b 
Lr46ͬYr29ͬSr58ͬPm39͕ Lr68͕ d1�>͘1Z^͕ Bdv1͕ Sr2ͬYr30

donichi ϴ1 ϱ^D^ ͲͲͲ 1ϱD^ 10^D^ ͲͲͲ ͲͲͲ Ne2͕ Ltn͕ Lr12͕ Lr13͕ Lr34͕ csLV34b͕ Lr1͕ Lr10͕ Lr14a͕ 
Lr27͕ Lr31͕ Lr49͕ Sr2͕ Bdv1

Susceptible varieties (not carrying Lr34)

�nahuac ϳϱ ;19ϴ1Ϳ ϴ0^ 20D^ 2ϱ^ ϴ0^ 100^ ϱ0^ E�
KZ 1 ;1996Ϳ ϴ0^ ϴ0^ ϰϱ^ 100^ 100^  ͲͲͲ E�
�� 10ϰ ;1999Ϳ ϴ0^ ϴ0^ ϴ0^ ϴ0^ 90^ ϴ0^ E�
D'^ 1Ͳ�lianĕa ;1999Ϳ ϴ0^ ϰ0^ ϴ0^ ϱ0^ 100^  ͲͲͲ E�
/WZ ϴϱ ;1999Ϳ ϴ0^ 20^ ϳ0^ 20^ ϳϱ^ ϴ0^ E�
�Z^ 19ϰ ;2000Ϳ ϴ0^ ϱ0^ ͲͲͲ  ͲͲͲ 90^ ϯ0^ E�
Nniǆ ;2001Ϳ ϴ0^ ϱ0^ ϯ0^ 60^ 100^ ϯ0^ E�
�Z^ 209 ;2002Ϳ ϴ0^ ϯ0^  ͲͲͲ  ͲͲͲ 100^ ͲͲͲ E�
^aĮra ;200ϰͿ ϱ0^ 2ϱ^ ϯ0^ ϳ0^ 90^ ͲͲͲ E�
&undaceƉ Eova �ra ;200ϰͿ ϳ0^ 2ϱ^ 20^ 90^ ϳ0^  ͲͲͲ E�
&undaceƉ ϱ2 ;200ϱͿ 20D^ ϳ0^ ϱ0^  ͲͲͲ 90^ ϰ0^ E�
�ďalone ;2006Ϳ 20^ ϱ0^ ϱ0^ ͲͲͲ 90^ ϴ0^ E�
Yuartǌo ;200ϳͿ  ͲͲͲ ͲͲͲ 60^ ϳ0^ ϳϱ^ ϴ0^ E�

 Ύ Zust reaction scored as the severitǇ ;ƉercentaŐe of leaf area aīected ďǇ leaf rustͿ and the infection tǇƉe͗ Z с resistant͕ verǇ small uredinia with necrosis͖ DZ с moderatelǇ 
resistant͕ small to moderate uredinia with necrosis͖ D^ с moderatelǇ susceƉtiďle͕ small to moderate uredinia with chlorosis͖ and ^ с susceƉtiďle͕ larŐe uredinia without 
necrosis or chlorosis͖ d с traces of infection͕ meaninŐ less than 1й of the leaf area aīected ďǇ leaf rust ;Zoelfs et al͘ 1992Ϳ͘ ΎΎ �ccordinŐ to the 'enetic Zesources /nformaͲ
tion ^Ǉstem for theat and driticale ;'Z/^Ϳ hƩƉ͗ͬͬwheatƉediŐree͘netͬ͘ E�͗ Eot availaďle͘ dested as advanced lines͗ 1 W& 00ϯ29ϱͲ�ͬ�͕ 2 W& 9902ϴϯ͕ ϯ W& 0ϴ0ϯ10͕ ϰ /td 0ϴ111
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�ocoraƋue ϳϱ͕ �oŬer ϳ9ϳ͕ �ucŬ �ucŬ͕ �smeralda ϴ6͕ 'lenlea͕ WamƉa /Ed�͕ Warula and donichi ϴ1͘ �smeralda ϴ6 and 
'lenlea showed maǆimum leaf rust ratinŐs of 2ϱ^D^ and ϯϱ^͕ resƉectivelǇ͘ dhe results oďtained in this worŬ conĮrm 
the presence of the Lr34 resistant allele in manǇ �raǌilian wheat varieties͕ which has ďeen mostlǇ inherited directlǇ and 
indirectlǇ from Dentana and &rontana and the Őenetic variaďilitǇ oďserved in the wheat ŐermƉlasm in �raǌil is eƋuallǇ 
distriďuted across the local wheat ďreedinŐ ƉroŐrams as descriďed ďǇ ̂ cherlosŬǇ et al͘ ;201ϴͿ ͘ /t can ďe noticed that this 
imƉortant locus has ďeen maintained over time͕ even thouŐh unconsciouslǇ durinŐ the cǇcles of ƉhenotǇƉic selection͘ 
�dditionallǇ͕  our results conĮrm the hiŐh level and staďilitǇ of the Ɖartial resistance conferred ďǇ Lr34 across years under 
a verǇ conducive environment͕ and across a wide diversitǇ of Őenetic ďacŬŐrounds͕ as reƉorted ďǇ >illemo et al͘ ;2011Ϳ͘
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