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Abstract  The wild species of tall fescue (Festuca arun- 
dinacea var. genuina Schreb.) represent a wide range of 
genetic variation and constitute potential germplasm for 
tall rescue improvement. Our objective was to evaluate ge- 
nome specificity of the previously-identified DNA probes 
and to examine the phylogenetic relationship of tall fescue 
with six related species by using RFLP data. A total of 29 
DNA probes from a PstI-genomic library of tall fescue 
were hybridized to EcoRI- or HindIII-digested DNA of 32 
plants from six Festuca species and from Lolium perenne 
L. Fifteen probes hybridized to all seven species. The re- 
maining 14 probes showed differential hybridization pat- 
terns (i.e., +), especially at the diploid and tetraploid lev- 
els. This hybridization pattern reflected genome diver- 
gence in these species. The DNA probes will be useful 
markers in breeding programs involving interspecific and 
intergeneric hybridization. Cluster analyses were per- 
formed using the average genetic distances calculated with 
the RFLP data from 53 probe-enzyme combinations. Gen- 
erally, genotypes from the same species were grouped in 
the same cluster. These data indicated that tall fescue has 
a close relationship with E pratensis Huds. (diploid), 
E arundinacea var. glaucescens Boiss. (tetraploid), and 
L. perenne L. (diploid) and that Festuca pratensis and 
L. perenne had the closest degree of relationship. 
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Introduction 

A few of the approximately 80 Festuca species are dip- 
loids; the majority are highly polyploid. The most widely- 
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cultivated species is the perennial and cross-pollinating tall 
rescue. Cytogenetic studies showed that tall fescue is an 
allopolyploid (2n=6x=42) and originated from E praten- 
sis (2n=2x=14) and E arundinacea var. glaucescens 
(2n=4x=28) (Sleper 1985). The E pratensis genome is des- 
ignated as P and the two F. arundinacea vat. glaucescens 
genomes as G l and G 2. Lewis et al. (1980) found that the 
inheritance of the isozyme phospho-glucoisomerase locus 
2 was disomic and chromosome pairing was restricted to 
true homologues in tall fescue. 

Tall feseue and its two putative progenitor species 
are morphologically similar, as with the octoploid 
F. arundinacea vat. atlantigena St. Yves (2n=Sx=56, 
GjG1G2GzM1M1MzM 2 genomes) and with decaploid E 
arundinacea var. letourneuxiana and cirtensis (2n= 
10x=70, QQG1G1G2G2M1M1M2M 2 genomes). Festuca 
mairei St. Yves (2n=4x=28, M1MlM2M 2 genomes) is dis- 
similar to other species in morphology. It has rough leaves, 
well-developed veins, and genes for high photosynthesis 
(Randall et al. 1985). E arundinacea var. glaucescens and 
E mairei are native to North Africa where they are sym- 
patric with E arundinacea var. atlantigena and E arundi- 
nacea vat. letourneuxiana and cirtensis (Malik and 
Thomas 1967). 

The genus Lolium contains three diploid species 
(2n=2x=14) of most interest to tall fescue geneticists and 
breeders; the outcrossing perennial L. perenne and annual 
L. multiflorum Lain., and self-pollinating L. temulentum L. 
These species are closely related to Festuca and readily 
cross with Festuca species (Terrell 1966). 

Interspecific and intergeneric crosses involving Lolium 
and Festuca could potentially combine the better palatabil- 
ity and forage quality of Lolium with the higher persistence 
and tolerance to stress environments found in tall fescue. 
Therefore, crosses between tall fescue and Lolium species 
have been made (Terrell 1966; Thomas and Humphreys 
1991) and commercial cultivars derived, such as 'Kenhy' 
(Buckner et al. 1977) and 'Johnstone' (Buckner et al. 1983). 
Kenhy showed significantly higher palatability and digest- 
ibility, and lower acid-detergent-fiber, than the 'Kentucky 
31' and 'Fawn' tall fescue cultivars (Buckner et al. 1979). 
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Table 1 Plant species and ge- 
notypes used. Letters in paren- 
thesis indicate their genomic 
constitution 

Genotype Source of 2n Species 
no. genotypes no. 

1 303.1-1 14 
2 307.1-3 " 
3 D1334-1 " 
4 D1342-1 " 
5 S tella- 1 3  " 

6 Bn354-2 28 
7 Bn354-5 " 
8 Bn574-2 " 
9 Bn586-86-1 " 

10 Bn586-86-2 " 
11 Mairei #1 28 
12 Mairei #2 " 
13 Mairei #3 " 
14 Kentucky 31 42 
15 Martin " 
16 Mozark " 
17 MO-96 " 
18 HYT " 
19 Bonanza '~ 
20 Rebel II " 
21 Bn275-6 56 

22 Bn867-4 " 
23 I20-15 " 
24 PI283-283-6 " 
25 Bn275-3 70 
26 I16-2 
27 PI283-283-5 " 
28 Derby 14 
29 Gator " 
30 Regal " 
31 Manhattan " 
32 Linn 

E pratensis Huds. (PP) 

F arundinacea var. glaucescens Boiss. (G1GIG2G2) 

F mairei St. Yves (M~M1M2Mz) 

E arundinacea var. genuina Schreb. (PPGtGaGzG2) 

F arundinacea var. atlantigena St. Yves 
(G1G1GzG2MIMIMzM2) 

F. arundinacea var. letourneuxiana and cirtensis 
(QQQG1G2G2M1MIM2M2) 

L. perenne L. (LL) 

Restriction fragment length polymorphisms (RFLPs) 
have been used to study phylogenetic relationships of crop 
plants such as those found in the Brassica species (Song 
et al. 1988). Our previous study showed that the genetic 
relatedness among tall fescue genotypes could be estimated 
by RFLP analysis, and we identified genome-specific 
probes which hybridized only to one or two of the species 
used (E pratensis, E arundinacea var. glaucescens, and 
E arundinacea var. genuina) (Xu et al. 1991). The tall fes- 
cue probes also cross-hybridized to L perenne DNA and 
detected an average polymorphism of 69% (Xu et al. 1992). 

The objectives of the present research were to evaluate 
genome specificity of a sample of DNA probes and to ex- 
amine the relationships among Festuca and LoIium species 
based on RFLP data obtained with a common set of probes. 

Materials and methods 

Twenty-seven plants from six Festuca species and five from L. per- 
enne were used (Table 1). Their ploidy levels were confirmed by 
counting chromosome numbers in root-tip samples. Genomic DNA 
extraction, gel electrophoresis, Southern blotting, and hybridization 
were as described previously (Xu et al. 1991). Genomic DNA was 
digested with the enzymes EcoRI or HindlII and 15 gg of digested 

DNA were loaded per lane. Three lanes of molecular-weight-mark- 
ers were included in a 30-lane blot and two lanes for the 5-lane blots. 
Filters were washed in 2 x SSC plus 0.5% SDS and 0.1 x SSC plus 
0.1% SDS at room temperature for 10 rain each, and then in 0.1 x 
SSC and 0.1% SDS at 65 ~ for 2 h. 

Twenty-six single-copy and two repetitive cloned DNA probes 
were chosen from a PstI-genomic library constructed from a hexa- 
ploid tall fescue plant (Xu et al. 1991). Plasmid DNA was isolated 
from transformed bacteria according to Birnboim (1983). Inserts 
were labelled to high specific activity with o~-32p dCTP based on the 
oligolabelling method of Feinberg and Vogelstein (1984). 

The RFLP patterns on the autoradiograms were scored by con- 
sidering each probe-enzyme combination as a locus. Each band was 
considered as a variant because the allelic nature of the bands was 
unknown. All bands were used in comparing genotypes, regardless 
of their frequency within a genotype. Genetic distances among all 
possible pairs of comparisons were estimated from Rogers' distance 
equation (Rogers 1972): 

/ 2 ,~  (~kn- P~kn) 2 
k=l ~ = 

RDij = L 

where L is the number of RFLP 'loci', A k is the number of RFLP var- 
iants at the k th RFLP 'locus', and Pi~n and Pj~n are the frequencies of 
the n th RFLP variant at k th RFLP locus in genotype i and j, respec- 
tively. The values of P&n and Pjkn were 1 when the band was present 
and 0 when the band was absent. Associations among genotypes were 
determined from cluster analysis on the basis of Rogers' genetic dis- 
tances using the average cluster procedure of SAS (SAS 1985). 



Table 2 PstI-genomic clones 
used and their hybridization 
patterns a 
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DNA Size 
clone (bp) 

Hybridization to species b 

LP FP FG FM FAG FAA FAL 

Clone 
type 

TF096 897 + + + + + + + A 
TF109 1259 + + + + + + + A 
TF124 420 + + + + + + + A 
TF144 261 + + + + + + + A 
TF165 897 + + + + + + + A 
TF171 420 + + + + + + + A 
TF209 815 + + + + + + + A 
TF213 333 + + + + + + + A 
TF265 815 + + + + + + + A 
TF411 870 + + + + + + + A 
TF412 1174 + + + + + + + A 
TF425 280 + + + + + + + A 
TF428 794 + + + + + + + A 
TF524 2167 + + + + + + + A 
TF531 1083 + + + + + + + A 
TF153 316 - + - + + + + B 
TF173 1312 - - - + + + + C 
TF212 1916 - - - + + + + C 
TF214 473 + - + - + + + D 
TF294 986 - - + + + + + E 
TF296 558 - - + + + + + E 
TF316 416 - - + + + + - E 
TF318 804 - - + + + + + E 
TF515 1403 - - + + + + + E 
TF544 1178 - - + + + + + E 
TF416 1380 . . . .  + + + F 
TF513 1151 - - + - + + + G 
TF436(R) 1174 - - R R R R R H 
TF521(R) 1710 R R - - R S? S? I 

a "t-, with hybridization signal; - ,  no hybridization signal; R, hybridized as repetitive sequence; and S, 
hybridized as single-copy sequence 
b LP, LoIium perenne (2x, L genome); FP, E pratensis (2x, P genome); FG, E arundinacea var. gtauce- 
scens (4x, GIG2 genomes); FM, F. mairei (4x, M1M 2 genomes); FAG, E arundinacea var. genuina (6x, 
PGIG2 genomes); FAA, E arundinacea var. atlantigena (8x, G~G2M1M2 genomes); FAL, E arundi- 
nacea var. letourneuxiana and cirtensis (10x, QG1G?M1M 2 genomes) 

Results and discussion 

D i f f e r e n t  h y b r i d i z i n g  pa t te rns  in va r i ous  spec ies  

T h e  28 tal l  f e s c u e  Pst I -genomic  probes  s h o w e d  d i f f e ren t  

h y b r i d i z i n g  pa t te rns  wi th  D N A  o f  the s e v e n  spec ies  and 
w e r e  thus c l a s s i f i ed  into  n ine  types  (Table  2). T y p e - A  
p robes  h y b r i d i z e d  wi th  all  spec ies  and i n c l u d e d  15 in n u m -  
ber. T y p e - B  probes ,  r e p r e s e n t e d  by T F 1 5 3 ,  h y b r i d i z e d  to 
f i v e  o f  the  spec ies  but  not  to L. perenne  and E arundina- 
cea var. gIaucescens.  T y p e - C  probes ,  i n c l u d i n g  T F 1 7 3  and 
T F 2 1 2 ,  d id  not  h y b r i d i z e  to the d ip lo ids  or  to the t e t r ap lo id  
F. arundinacea var. glaucescens .  T y p e - D  probes  ( T F 2 1 4  
typ ica l )  h y b r i d i z e d  to the  r e m a i n i n g  spec ies  o the r  than 
E pratens is  and F. mairei.  T y p e - E  p robes  h y b r i d i z e d  to all  
po lyp lo id s .  Th i s  t ype  o f  p robe  i n c l u d e d  T F 2 9 4 ,  T F 2 9 6 ,  
T F 3 1 6 ,  T F 3 1 8 ,  T F 5 1 5 ,  and T F 5 4 4 .  T y p e - F  p robes  ( T F 4 1 6  
typ ica l )  h y b r i d i z e d  to the  h e x a p l o i d s ,  oc top lo id s ,  and  deca -  
p lo ids  bu t  not  to the  t e t r ap lo ids  and d ip lo ids .  T y p e - G  
p robes  (TF513  typ ica l )  h y b r i d i z e d  to spec ies ,  o the r  than  
F. mairei  and the d ip lo ids .  T y p e - H  p robes  ( T F 4 3 6  typ ica l )  
b e h a v e d  l ike  T y p e - E  e x c e p t  it  was  d e s c r i b e d  as a r epe t i -  
t ive  s e q u e n c e  probe .  T y p e - I  p robes  (TF521  typ ica l )  

are  r epe t i t i ve  s e q u e n c e  p robes  that  h y b r i d i z e d  to all  spe-  
c ies  e x c e p t  the  te t raplo ids .  D i f f e r e n t  h y b r i d i z a t i o n  pat-  

terns,  e spec i a l l y  at the d ip lo id  and te t rap lo id  l eve l s ,  
m a y  re f l ec t  the e v o l u t i o n a r y  r e l a t i onsh ips  a m o n g  these  
spec ies .  

The  h y b r i d i z a t i o n  pat terns  w e r e  s imi la r  for  L. perenne  
and F. pratens is  (Table  2). S e v e r a l  p robes  d id  no t  hybr i -  
d ize  to L. perenne  and E pratensis ,  but  t hey  d id  h y b r i d i z e  

to h i g h e r - l e v e l  po lyp lo ids .  Th is  s u g g e s t e d  that  the ge-  
n o m e s  in L. perenne  and E pratens is  are v e r y  s imi la r  and 

r e l a t i ve ly  d i v e r g e d  f r o m  at leas t  o n e  o f  the  g e n o m e s  p r e sen t  
in the  h i g h e M e v e l  po lyp lo ids .  

T h e  c o m p l e x i t y  o f  h y b r i d i z a t i o n  pa t te rns  va r i ed  wi th  

d i f f e ren t  types  o f  p robes  and species .  T h e  h i g h e r - p l o i d y  
spec ies  s h o w e d  m o r e  c o m p l i c a t e d  band ing  pat terns ,  e spe -  
c ia l ly  wi th  T y p e - A  p robes  (Fig.  1). T h e  a v e r a g e  n u m b e r s  

o f  bands  de t ec t ed  in i nd iv idua l  p lants  o f  the  s e v e n  spec ies  
was  s ign i f i can t ly  d i f f e ren t  (Table  3). T h e  n u m b e r  o f  bands  
in the  p o l y p l o i d  spec ies  was  t w i c e  or  m o r e  that  o f  the  d ip-  
lo id  spec ies .  Th i s  is pa r t i cu l a r ly  apparen t  for  the T y p e - A  
probes  w h i c h  h y b r i d i z e d  to all  s e v e n  spec ies  (Tab le  4). In  
c o m p a r i s o n  wi th  n o n - s p e c i f i c  p robes ,  g e n o m e - s p e c i f i c  
p robes  s h o w e d  s i m p l e r  b a n d i n g  pa t te rns  and less  va r i a t i on  
a m o n g  spec ies  (Fig.  1). 
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Fig. 1A, B Autoradiograms of 
HindIII-digested DNA from ge- 
notypes 1-27 probed with 
TF524 (A) and TF318 (B) 

1 1 1 1 1 1 1 1 1 1 2 2  2 2 2 2 2 2  
12 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 M  2 3 4 5 6 7  M 

kb 
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Table 3 Comparisons of the average number of bands detected in Table 4 Average number of bands detected in each species by dif- 
individual genotypes of various species ferent types of probes 

Species a Ploidy Average number of bands in agenotype Probe No. of Enzy- Species b 
type probes mes a 

EcoRI HindIII Combined LP FP FG FM FAG FAA FAL 

LP 2X 1.01 1.04 1.02 
FP 2X 0.81 0.91 0.86 
FG 4X 1.82 1.97 1.90 
FM 4X 2.17 2.36 2.26 
FAG 6X 2.19 2.33 2.26 
FAA 8X 2.35 2.86 2.61 
FAL 10X 2.60 3.00 2.80 
Mean 1.85 2.07 1.96 
LSD (0.05) 0.64 0.71 0.47 

a LR Lolium perenne (2x, L genome); FR F. pratensis (2x, P geno- 
me); FG, F. arundinacea var. glaucescens (4x, G1G 2 genomes); FM, 
F. mairei (4x, M1M2 genomes); FAG, F. arundinacea var. genuina 
(6x, PG1G 2 genomes); FAA, F. arundinacea var. atlantigena (8x, 
G1G2M1M2 genomes); FAL, E arundinacea var. letourneuxiana and 
cirtensis (10x, QG1 G2M1M2 genomes) 

A 15 E 
H 

B 1 E 
H 

C 2 E 
H 

D 1 E 
H 

E 6 E 
H 

F 1 E 
H 

G 1 E 
H 

1.67 1.33 2.07 2.53 2.80 3.00 3.47 
1.73 1.52 2.16 2.98 3.09 3.72 4.00 

0.00 1.40 0.00 2.00 1.71 1.00 2.67 
0.00 1.80 0.00 1.00 1.57 1.20 2.67 
0.00 0.00 0.00 1.50 1.50 1.25 0.84 
0.00 0.00 0.00 1.00 1.95 1.25 0.65 
1.40 0.00 2.00 0.00 2.29 2.25 0.33 
2.00 0.00 3.20 0.00 2.43 3.00 2.00 
0.00 0.00 2.36 2.60 2.76 2.00 2.13 
0.00 0.00 2.77 2.67 2.70 2.42 2.56 
0.00 0.00 0.00 0.00 2.29 0.50 0.67 
0.00 0.00 0.00 0.00 1.00 1.00 0.00 
0.00 0.00 2.20 0.00 0.14 0.75 0.00 
0.00 0.00 1.00 0.00 0.43 0.25 0.33 

a E, EcoRI; H, HindIII 
b LP, Lolium perenne (2x, L genome); FP, E pratensis (2x, P geno- 
me); FG, E arundinacea var. glaucescens (4x, G1G 2 genomes); FM, 
E mairei (4x, M1M 2 genomes); FAG, E arundinacea vat. genuina 
(6x, PG1G 2 genomes); FAA, E arundinacea vat. atlantigena (8x, 
G1G2MIM 2 genomes); FAL, F. arundinacea var. letourneuxiana and 
cirtensis (10x, QGIG2M1M2 genomes) 



DNA markers would help alien gene introgression 

Probes showing differential hybridization patterns (+) to 
various species are useful molecular markers for genetic 
and breeding studies in the Festuca-Lolium complex. One 
use of these probes would be to verify interspecific and 
intergeneric hybrids, and further to monitor gene introgres- 
sion between these species. For example, Type-B and 
Type-D probes (such as TF153 and TF214) can verify F~ 
hybrids between L. perenne and E pratensis. These DNA 
markers will enhance the use of wide crosses in tall fescue 
improvement. 

Repetitive sequences TF436 and TF521 

In this study, TF436 hybridized only to the polyploid spe- 
cies. TF521 hybridized to diploids, hexaploids, octoploids 
and the decaploid, but not to the two tetraploid species. 
More studies are necessary on their distribution within the 
genomes. Eucaryotic genomes contain a high proportion 
of repetitive sequences (Flavell 1980). Repetitive-se- 
quence probes isolated from rye (Secale cereale L.) have 
been used as chromosomal markers for the identification 
of alien chromosomes (or chromosome segments) present 
in wheat (Triticum aestivum L.) (Appels and Moran 1984). 
Genomic-specific repetitive DNA sequences have also 
been cloned and characterized in other plants such as rice 
(Oryza spp.) (Aswidinnoor et al. 1991). These sequences 
may be useful in monitoring alien gene introgression 
between species. 
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Fig. 2 Associations of the genotypes and species of Festuca and 
Lolium 

Clustering analysis of RFLP data 

The average Rogers' genetic distances between all pairs of 
genotypes [n=32, total pair number is n(n-1)/2=496] were 
calculated using RFLP data from 53 probe-enzyme com- 
binations. 

Except for the octoploid and decaploid genotypes 
(Fig. 2), all genotypes within a species were clearly clus- 
tered in a single group. The results showed that the genetic 
distance between E pratensis and L. perenne was the low- 
est, suggesting that the relatedness between these two dip- 
loids was highest. The F. pratensis and L. perenne group 
was further clustered with E arundinacea var. glaucescens 
(tetraploid), then with F. arundinacea var. genuina (hexa- 
ploid), forming a larger subgroup. This subgroup then 
clustered with F. mairei (tetraploid) and the octoploid and 
decaploid genotypes. When individuals were clustered in 
the same group, their relationships were assumed to be 
closer. Festuca mairei was less similar to these four spe- 
cies, suggesting that it was more distinct from tall fescue. 
The high association between E pratensis and L. perenne 
may be because these diploids have undergone consider- 
able introgression. Perhaps the misplacement of the octo- 
ploid and decaploid genotypes was because their high 
ploidy levels led to difficulty in the discrimination of 
bands. 

Associations among genotypes produced by cluster 
analysis largely agreed with the known pedigree informa- 
tion. In the E arundinacea var. glaucescens group, for ex- 
ample, genotypes Bn354-2 and Bn354-5, and Bn586-86-1 
and Bn586-86-2 are half-sibs and they formed a sub-group. 
In the seven hexaploid tall fescue groups, 'Bonanza' and 
'Rebel II' are turf-type tall fescues and, as a result, the two 
were clustered in a sub-group. Does this reflect genetic dif- 
ferences between turf and forage cultivars? Further stud- 
ies are needed with more genotypes to determine this. 
'Martin' and 'Mozark' are two cultivars developed at the 
University of Missouri and the plants from these two cul- 
tivars were clustered together. 

In conclusion, the differential (+) hybridization patterns 
of 29 tall fescue PstI DNA probes indicated genome diver- 
gence in six Festuca species and L. perenne. The genome- 
specific probes will be useful molecular markers to verify 
hybrids and to monitor gene introgression for interspecific 
and intergeneric hybridization. The dendrogram generated 
by cluster analysis reflected the phylogenetic relationships 
among these species. 
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