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Summary. In order to localize a gene for resistance to 
Barley Yellow Mosaic Virus (BaYMV) of German resis- 
tant varieties, cvs. 'Ogra' and 'Sonate' were crossed to a 
complete trisomic ( 2 n = 2 x +  1 = 15) set of 'Shin Ebisu 
16'. Tests for resistance in F 2 strongly support the conclu- 
sion that the German gene for resistance to BaYMV is 
located on barley chromosome 3. 
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Introduction 

Barley yellow mosaic disease is caused by Barley Yellow 
Mosaic Virus (BaYMV), which is transmitted by a soil- 
borne fungus, Polymyxa graminis (Toyama and Kusaba 
1980). This virus disease was first discovered in Japan in 
1940 (Inouye and Saito 1975). In the Federal Republic of 
Germany, the disease probably occurred only 20 years 
later and was first described by Huth and Lesemann 
(1978). The present area of distribution mainly covers the 
central and northern parts of the country, but recently 
BaYMV was also found in the south of West Germany 
(Huth 1988). Meanwhile the disease was also discovered 
in England (Hill and Evans 1980), France (Lapierre 
1980), Belgium (Maroquin et al. 1982), The Netherlands 
(Langenberg and van der Wal 1986) and the German 
Democratic Republic (Proeseler et al. 1984). 

In these countries, barley yellow mosaic became one 
of the most important cereal diseases. Because of its soil 
transmission, chemical measures against BaYMV are 
either inefficient or uneconomical. Up to now, the con- 
siderable yield losses caused by BaYMV could only be 
prevented by growing resistant cultivars. 

Genetics o f  resistance to Barley Yellow Mosaic Virus 

Resistance genes to BaYMV are present in a number of 
German and European winter barley cultivars as well as 
in numerous winter and spring barley stocks from differ- 
ent parts of the world (Takahashi et al. 1973; Friedt et al. 
1985). Thus far, only a few stocks have been studied 
genetically. Immunity to BaYMV of German cultivars is 
probably due to one identical recessive gene, since their 
crosses to susceptible cultivars are susceptible and those 
to other German resistant cultivars are resistant in F1; 
crosses among resistant cultivars do not segregate in F2, 
where all plants are resistant, too (Friedt and Foroughi- 
Wehr 1986). 

Another valuable source of resistance is the Chinese 
Spring barley 'Mokusekko 3'. Earlier genetic analyses 
carried out in Japan demonstrated that 'Mokusekko 3' 
carries a dominant resistance gene, designated as Yml  
(Takahashi et al. 1973). In order to identify the chromo- 
somal location of this gene, Takahashi et al. (1973) stud- 
ied genetic relationships between Yml  and marker genes 
on six of the seven barley chromosomes. The results 
of their experiments indicated that the gene Yml  was 
inherited independently from the genes n for naked 
kernel on chromosome 1, V for two-rowed spike on 
chromosome 2, B for black kernel on chromosome 5, o 
for orange lemma base and node on chromosome 6 and 
s for short and hairy rachilla on chromosome 7. In con- 
trast, evidence for linkage of Ym! to K (hooded lemma) 
was found in a cross with 'Colsess IV', in which exces- 
sive numbers of parental character combinations were 
observed. Therefore it was concluded that the gene Yml  
of 'Mokusekko 3' was located on chromosome 4. How- 
ever, no marker gene for chromosome 3 was used in this 
study. 

Hybrid plants (F1) from crosses of German cultivars 
to Asian resistant parents which carry the gene Yml,  like 
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Fig. 1. Mitotic metaphase cells of disomic (2n =2x = 14, left) and trisomic (2n =2x + 1 = 15, right) barley (Hordeum vulgare L.) 

'Mokusekko 3', are all BaYMV-resistant and the respec- 
tive F : p o p u l a t i o n s  do not  segregate susceptible individ- 
uals (Friedt and Foroughi-Wehr 1986; Friedt et al. 1987; 
G6tz et al. 1988). It can be concluded, therefore, that the 
respective resistance genes are either allelic or very tightly 
linked. 

In  order to clarify the genetic basis of resistance or 
immuni ty  to BaYMV, marker and trisomic analyses were 
carried out to localize the gene for resistance of German 
resistant cultivars. By means of marker analyses, it was 
verified that the German  gene for resistance is inherited 
independently from the genes n, V, B and o. However, 
this marker analysis also indicates that the German resis- 
tance gene is inherited independently of the gene K for 
hooded lemma on chromosome 4 (Kaiser et al. 1988). 
Nevertheless, the definite genetic location of this resis- 
tance gene remained to be determined. 

Materials and methods 

Trisomic analysis was carried out with a complete trisomic set of 
the spring barley cv. 'Shin Ebisu No. 16', obtained from 
T. Tsuchiya, Fort Collins, USA. Its spring growth habit, short 
post-harvest seed dormancy and non-brittle rachis (unlike the 
series of primary trisomics of Hordeum spontaneurn) make it 
very suitable for genetic studies (Tsuchiya 1967). The seven 
strains of primary trisomics were identified by means of mor- 
phological, cytological and genetical examination (Tsuchiya 
1963, 1967). On the basis of their main morphological features, 
Tsuchiya (1967) designated the strains as 'Bush' (chromo- 
some 1), 'Slender' (chromosome 2), 'Pale' (chromosome 3), 
'Robust' (chromosome4), 'Pseudonormal' (chromosome 5), 
'Purple' (chromosome 6) and 'Semierect' (chromosome 7). 

Tests for resistance to BaYMV were carried out in the green- 
house. Test plants were grown at 10~176 until the four- to 
five-leave stage, which proved to be the most suitable stage for 
inoculation. For inoculum preparation, sap was extracted from 
young leaves of plants showing typical BaYMV symptoms, 

using a POLL,KHNE sappress. Plant sap was diluted (1:10) 
in a KzHPO 4 buffer (0.1 M, pH9.1) and carborundum 
(0.5 g/25 ml) was added; the temperature of inoculum was kept 
at +4~ Plants were inoculated with a spray gun (SATA 
Dekor/Z-UNIVERSAL) using an air compressor (8 bar). After 
inoculation, plants were watered briefly and kept in shadow for 
24 h at 20 ~ and subsequently for 4 weeks at natural light and 
12~ (Friedt 1983, 1984; Umbach 1987). By means of this me- 
chanical inoculation technique, only BaYMV type M (BaYMV- 
M) is transmitted (Huth 1988). 

One month after inoculation, all plants were examined sero- 
logically using ELISA (Casper and Meyer 1981). The antiserum 
for ELISA was kindly provided by W. Huth, Braunschweig, 
FRG. 

Results 

Trisomic plants for each barley chromosome were 
crossed as females to the German resistant cvs. 'Sonate '  
and 'Ogra' .  In the F 1 generation, trisomic plants of each 
cross combinat ion were identified by morphological and 
cytological (Fig. 1) examination (Tsuchiya 1963) and 
grown to maturity in the greenhouse. 

To increase the ratio of trisomics, thin F 2 seeds were 
selected and sown. The F 2 plants were classified morpho- 
logically as disomics and trisomics two times, 1 day be- 
fore and 1 month  after inoculation. 

Plants in the four- to five-leave stage were inoculated 
mechanically by BaYMV-M. Transmission of BaYMV- 
M was usually complete, except in extremely hetero- 
geneous populations, due to the weak growth habit of 
some trisomics. To control possible escape from infec- 
tion, some check plants of the susceptible cv. 'Gerbel '  
were grown and infected together with each F 2 cross 
population. Populations where the control had more 
than 20% escapes were excluded, and those with less 
than 20% escapes were corrected arithmetically by ad- 



just ing the expected segregation rat io for the rate of  es- 
capes. 

In all crosses with trisomics which do not  carry the 
gene to be localized in triplicate, ordinary  segregations of  
3 : 1 are expected for the whole F z as well as for disomics 
and trisomics alone. The cross involving the extra chro- 
mosome on which the gene is located ("crit ical  cross")  is 
expected to have total  segregation rat ios in F 2 in the 
range o f  8 : 1 - 1 7  : 1, depending on the transmission rate 
o f  the extra chromosome.  Fo r  the disomic fraction only, 
a rat io of  8 : 1 is expected, whereas in the tr isomic frac- 
tion, resistant plants  are only expected in the rare cases 
of  double reductions (Fig. 2). 

A m o n g  F 2 disomics of  crosses including cv. 'Ogra ' ,  
the theoretically expected segregations were observed 
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Fig. 2. Segregation for a recessive resistance gene (r) in the "crit- 
ical cross" of a susceptible trisomic (RRR) to a resistant disomic 
(rr) line 
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(Table 1). In all seven F2 populat ions ,  except the one 
including 'Pale '  (chromosome 3) as a parent ,  good  fit to 
the expected segregation, obta ined by correcting the 3 : 1 
rat io  for escaped infections, was found; for the F2 of  
'Pale '  a good fit to the corrected 8 : 1 segregation rat io 
was evident. 

Similar results were obta ined for the disomic frac- 
tions of  F2's including cv. 'Sonate '  (Table 2). Da ta  of  all 
F2 popula t ions  except the one o f  'Pale '  again show good 
fit to an expected segregation. On the contary,  fit to the 
corrected 8 : 1 segregation was again obta ined in disomic 
F2's of  'Pale ' .  

Unexpected segregations with an excess of  non- 
infected plants  were found in some trisomic fractions, 
especially o f  the weakest  trisomics. This finding could 
not  be explained by the frequency of  escapes as found in 
the controls.  Because of  the deleterious effects o f  the 
rough procedure o f  inoculat ion,  the small and weak tri- 
somic plants in the F 2 popula t ions  may  have had  higher 
escape rates than normal  diploids. Fur thermore ,  the rate 
of  escape among the morphologica l ly  quite different tri- 
somic types may  vary. Therefore the tr isomic data ,  which 
for completeness are given in Tables 3 and 4, do not  
contradict  the conclusion that  the resistance gene is 
located on chromosome 3. 

Discussion and conclusions 

A rather  high frequency o f  trisomics was obtained in F 2 
by selecting thin seeds. This should theoretically be an 
advantage;  however, due to an apparent ly  high frequen- 
cy of  escapes, the tr isomic progenies could not  be used 
for localizat ion of  the BaYMV-resis tance gene. 

As ment ioned above,  Ge rman  resistant cultivars car- 
ry an identical,  recessive resistance gene. F r o m  the da ta  
of  the diploid progenies presented above, it can now be 
concluded that  the gene for resistance to B a Y M V - M  of  
these cultivars is located on bar ley chromosome 3. 

Table 1. Segregation for reaction to BaYMV-M in F 2 disomics of crosses of 'Shin Ebisu 16' trisomics with the resistant cv. 'Ogra' 

Trisomic Extra Frequency Frequency Number of disomic Frequency X z for Probability 
type chrom, of escape expected of plants of non- deviation for X z 

in control non-infected infected from exp. 
cv. 'Gerbel' infect, non-inf, observed ratio 

Bush 1 0.08 0.31 113 55 0.33 0.24 0.70-0.50 
Slender 2 0.11 0.33 126 60 0.32 0.08 0.80-0.70 
Pale 3 0.11 0.33 69 17 0.20 7.04 < 0.01 * 
Robust 4 0.04 0.28 109 39 0.26 0.20 0.70-0.50 
Pseudonormal 5 0.00 0.25 125 46 0.27 0.33 0.70-0.50 
Purple 6 0.00 0.25 65 20 0.24 0.10 0.80-0.70 
Semierect 7 0.04 0.28 113 39 0.26 0.41 0.70-0.50 

Test of corrected 8:1 ratio for Pale (chromosome 3): X2= 0.064, P = 0.90-0.80 
* highly significant 
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Table 2. Segregation for reaction to BaYMV-M in F 2 disomics of crosses of 'Shin Ebisu 16' trisomics with the resistant cv. 'Sonate '  

Trisomic Extra Frequency Frequency Number of disomic Frequency Z z for Probabili ty 
type chrom, of escape expected of plants of non- deviation for Z 2 

in control non-infected infected from exp. 
cv. 'Gerbel '  infect, non-inf, observed ratio 

Bush 1 0.02 0.27 55 27 0.33 1.74 0.20-0.10 
Slender 2 0.07 0.30 91 42 0.32 0.11 0.80-0.70 
Pale 3 0.10 0.33 110 20 0.15 17.36 small* 
Robust 4 0.00 0.25 123 40 0.25 0.02 0.90-0.80 
Pseudonormal 5 0.00 0.25 139 49 0.26 0.11 0.80-0.70 
Purple 6 0.04 0.28 85 36 0.30 0.18 0.70-0.50 
Semierect 7 0.00 0.25 78 19 0.20 1.52 0.30-0.20 

Test of corrected 8:1 ratio for Pale (chromosome 3): Z2= 1.731, P=0 .20-0 .10  
* highly significant 

Table 3. Segregation for reaction to BaYMV-M in F 2 trisomics of crosses of 'Shin Ebisu 16' trisomics with the resistant cv. 'Ogra '  

Trisomic type Extra Infect. Number  of plants /~2 for Z 2 for 
chrom, rate 3:1 a 9:0 ~ 

(%) infect, non-inf. Total ratio ratio 

Bush 1 92 118 58 176 0.31 148.6 * 
Slender 2 89 24 71 95 73.67 * 396.5 * 
Pale 3 89 42 34 76 4.52 * 87.7 * 
Robust 4 96 98 43 141 0.44 260.1 * 
Pseudonormal 5 100 71 58 129 27.41 * 336,310.1 * 
Purple 6 100 77 32 109 1.10 102,345.4 * 
Semierect 7 96 71 53 124 13.37 * 480.2" 

a Corrected for the rate of escapes 
* significant at P < 0.05 

Table 4. Segregation for reaction to BaYMV-M in F2 trisomics of crosses of 'Shin Ebisu 16' trisomics with the resistant cv. 'Sonate '  

Trisomic type Extra Infect. Number  of plants .Z z for Z 2 for 
chrom, rate 3:1 a 9:0 a 

(%) infect, non-inf. Total ratio ratio 

Bush 1 98 92 35 127 0.07 430.9 * 
Slender 2 93 56 81 137 54.13 * 571.1 * 
Pale 3 90 65 28 93 0.24 41.8 * 
Robust 4 100 80 38 118 3.27 144,336.3 * 
Pseudonormal 5 100 71 28 99 0.57 78,351.9 * 
Purple 6 96 74 45 119 5.69" 350.8 * 
Semierect 7 100 44 30 74 9.53 * 89,952.2 * 

Corrected for the rate of escapes 
* significant at P < 0.05 

Th i s  resu l t  is in c o n t r a c t i o n  to ear l ie r  resul t s  o f  l h k a -  

h a s h i  et  al. 1973, w h o  r e p o r t e d  the  gene  Y m l  der ived  

f r o m  ' M o k u s e k k o  3' to  be  l inked  to the  gene  K o n  

c h r o m o s o m e  4. Th i s  gene  Y m l  was s h o w n  to be  allelic to 
the  " G e r m a n  g e n e "  o f  ' F r a n k a '  a n d  o t h e r  cu l t ivars  

( F r i e d t  a n d  F o r o u g h i - W e h r  1986). 
H o w e v e r ,  o u r  a b o v e  c o n c l u s i o n  is s u p p o r t e d  by  re- 

cen t  resu l t s  o f  K o n i s h i  a n d  M a t s u u r a  (1987). T h e y  f o u n d  

t h a t  the  C h i n e s e  l a n d r a c e  ' M o k u s e k k o  3'  a n d  some  

re s i s t an t  cu l t iva r s  de r ived  f r o m  it, as well  as the  p r o g e n y  

o f  the i r  crosses  to  o t h e r  cul t ivars ,  a lways  ca r ry  the  es ter-  

ase i sozyme  p a t t e r n  o f ' M o k u s e k k o  3'. These  resul t s  indi-  

ca te  t h a t  a res i s tance  gene o f  ' M o k u s e k k o  3'  w o u l d  be  

l inked  to a n  es terase  i sozyme gene  b lock  a t  the  t e r m i n a l  
end  o f  the  long  a r m  o f  c h r o m o s o m e  3. T h e  a u t h o r s  

c l a imed  th is  gene as a n  a d d i t i o n a l  r es i s t ance  gene to the  

gene Y m l .  

O u r  o w n  resul ts ,  t o g e t h e r  wi th  the  resul ts  o f  Taka -  

ha sh i  et  al. (1973) a n d  K o n i s h i  a n d  M a t s u u r a  (1987), c an  

t he r e fo re  be i n t e r p r e t e d  as fol lows:  e i the r  the  " G e r m a n  
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gene" for resistance is allelic or closely linked to the 
dominant  gene Yml of 'Mokusekko 3', which then must  
also be located on chromosome 3, or the "Ge rma n  gene" 
is allelic to the postulated second, minor  gene of 
'Mokusekko 3' on chromosome 3. Further  analysis will 
be necessary to clarify this open question. 

Acknowledgements. Thanks are due to Dr. T. Tsuchiya, Depart- 
ment of Agronomy, Colorado State University, Fort Collins, 
USA, for providing seed samples of trisomics; without this ma- 
terial it would have been impossible to carry out the present 
work. Particular thanks are also due to Dr. W. Huth, Biologi- 
sche Bundesanstalt, Braunschweig, FRG, for continuous sup- 
port with BaYMV-antisera, which was important for exact ana- 
lysis of plant virus reactions. Last but not least, we wish to thank 
Dr. Jens Jensen, Agricultural Research Department, National 
Laboratory, Riso, Denmark, for valuable statistical advice. 

References 

Casper R, Meyer S (1981) Die Anwendung des ELISA- 
Verfahrens zum Nachweis pflanzenpathogener Viren. Nach- 
richtenbl Dtsch Pflanzenschutzdienstes 33(2):49-54. 

Friedt W (1983) Mechanical transmission of soil-borne Barley 
Yellow Mosaic Virus. Phytopathol Z 106:16-22 

Friedt W (1984) The genetic basis of breeding winter barley for 
resistance to Barley Yellow Mosaic Virus. In: Breeding for 
disease resistance and oat breeding. Proc EUCARPIA Cer 
Sect Meet, Freising. Vortr Pflanzenziichtg 6:145-155 

Friedt W, Foroughi-Wehr B (1986) Herkunft, Eigenschaften 
und ziichterische Erschliel3ung von Resistenzquellen gegen 
Barley Yellow Mosaic Virus. Vortr Pflanzenziichtg 10: 82-93 

Friedt W, Huth W, Mielke H, Ziichner S (1985) Resistenztr/iger 
gegen Barley Yellow Mosaic Virus. Nachrichtenbl Dtsch 
Pflanzenschutzdienstes 37:129-135 

Friedt W, Kaiser R, G6tz R, Umbach H, Foroughi-Wehr B 
(1987) Genetic basis of breeding for resistance to Barley 
Yellow Mosaic Virus. AAB Meeting, St Andrews, Scotland 
(in press) 

G6tz R, Foroughi-Wehr B, Kaiser R, Friedt W (1988) Genetics 
of and breeding for resistance to BaYMV. Acta Phytopathol 
et Entomol Hung 24 (in press) 

Hill SA, Evans J (1980) Barley yellow mosaic virus. Plant Pathol 
29:197-199 

Huth W (1984) Die Gelbmosaikvirose der Gerste in der Bundes- 
republik Deutschland - Beobachtungen seit 1978. Nachrich- 
tenbl Dtsch Pflanzenschutzdienstes 36(4):49-55 

Huth W (1988) Ein Jahrzehnt Barley Yellow Mosaic Virus in der 
Bundesrepublik Deutschland. Nachrichtenbl Dtsch Pflan- 
zenschutzdienstes 40:49-55 

Huth W, Lesemann DE (1978) Eine fiir die Bundesrepublik 
Deutschland neue Virose bei Wintergerste. Nachrichtenbl 
Dtsch Pflanzenschutzdienstes 30:184-185 

Inouye T, Saito Y (1975) Baley Yellow Mosaic Virus. CMI/AAB 
Descriptions of Plant Viruses No. 143 

Kaiser R, G6tz R, Friedt W (1988) Inheritance of resistance to 
Barley Yellow Mosaic Virus. Acta Phytophatol Entomol 
Hung 24 (in press) 

Konishi T, Matsuura S (1987) Variation of esterase isozyme 
genotypes in a pedigree of Japanese two-rowed barley. Jpn 
J Breed 37:412-420 (in japanese with english summary) 

Langenberg W, van der Wal D (1986) Identification of Barley 
Yellow Mosaic Virus by electron microscopy in barley but 
not in Polymyxa graminis or Lagena radicola. Neth J Plant 
Pathol 92:133-136 

Lapierre H (1980) Nouvelles maladies fi virus sur c+r6ales 
d'hiver. Product Agr Fr 270: I 1 

Maroquin CM, Chevalier M, Russel A (1982) Premieres obser- 
vations sur le virus de la mosaique jaune de Forge en Bel- 
gique. Bull Rech Agron Gembloux 17:157-172 

Proeseler G, Stanarius G, Kfihne T (1984) Vorkommen des 
Gerstengelbmosaikvirus in der DDR. Nachrichtenbl Pflan- 
zenschutzdienstes DDR 38:89-91 

Takahashi R, Hayashi J, Inouye T, Moriya I, Hirao C (1973) 
Studies on resistance to yellow mosaic disease in barley. 
I. Tests for varietal reactions and genetic analysis of resis- 
tance to the disease. Ber Ohara Inst 16:1-17 

Toyama A, Kusaba T (1980) Transmission of Barley Yellow 
Mosaic Virus: Transmission by Polymyxa graminis Led. Ann 
Phytopathol Soc Jpn 36:223-229 

Tsuchiya T (1963) Chromosome aberrations and their use in 
genetics and breeding in barley - trisomics and aneuploids. 
Barley Genetics I, Proc 1st Int Barley Genet Symp 
pp 116-150 

Tsuchiya T (1967) The establishment of a trisomic series in a 
two-rowed cultivated variety of barley. Can J Genet Cytol 
9: 667- 682 

Umbach H (1987) Entwicklung einer Spriihmethode zur mecha- 
nischen Inokulation von Gerstenpflanzen mit Barley Yellow 
Mosaic Virus. Dipl Thesis, Unviersit~it Giegen, FRG 


