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ABSTRACT

Roelfs, A. P., and Martens, J. W. 1988. An international system of nomenclature for Puccinia graminis f. sp. tritici. Phytopathology 78:526-533.

A new set of international differential hosts for characterizing the
virulence of cultures of Puccinia graminis f. sp. tritici including the host
resistance genes Sr5, 6, 7b, 8a, 9b, 9e, 9g, 11, 17, 21, 30, and 36 is proposed.
Additionally, a resistant series that consists of host genes Sr13, 22, 24, 25,
26, 27, 31, 32, 33, and 37 that have generally been resistant worldwide is
recommended for evaluating bulk collections or composites of individual
cultures. The use of additional differential hosts of local interest, especially
those related to national breeding programs, is encouraged. Races are to be

designated by a three-letter code (Pgt-code) followed by a hyphen and a
listing of those host genes in the ‘resistant’ set on which the race was
virulent. Data on local supplemental series should be separated from the
Pgt-code by a slash. A central type-culture collection is proposed and will
be maintained at the Cereal Rust Laboratory at St. Paul, MN, for use in
breeding and research programs. Type-cultures will be evaluated against
the resistance conferred by the known single genes.

The first key to what are now designated physiologic races of
Puccinia graminis (Pers.) f. sp. tritici was published by Stakman
and Levine (20) in 1922. This work followed the discovery of races
l and 2 by Stakman and Piemeisel (23)in 1916. In 1918, race 3 was
described by Levine and Stakman (7) and race 4 by Melchers and
Parker (11). The physiologic race key of 1922 was based on the 12
differential host cultivars Little Club, Marquis, Kanred (later
replaced by Reliance), Kota, Arnautka, Mindum, Speltz Marz
(known now as Spelmar), Kubanka, Acme, Einkorn, White Spring
Emmer (now called Vernal), and Khapli (Table 1). Infection types
(Fig. I and 2) were divided into groups, with 0, 1, and 2 indicating
host resistance and infection types 3 and 4 indicating susceptibility.
The X infection type was considered separately as a heterogeneous
host response. Physiologic races were determined by a
dichotomous key of resistant and susceptible host responses with
the heterogeneous responses in a separate section of the key. The
key was revised several times (21,22,24) and was last issued in 1962.
These keys reflect gradual changes in the understanding of the
pathogen-host relationship. The authors of the first key indicated
that other hosts might be useful; however, this message was
generally overlooked for nearly 30 yr in the case of P. g. f. sp. tritici.
The last of the series of keys using the Stakman differential set
included a set of supplementary differential hosts for use with
North American cultures. The differential hosts selected by
Stakman and co-workers in 1916 were used worldwide until the
mid-1960s, and they continue to be used to some extent in 1987.

The changes in the classification of P. g. f. sp. tritici resulted
from two major scientific events. The first was the development of
the gene-for-gene concept, principally by Flor (4). Second,and asa
consequence of the first, the development of host genotypes
differing primarily by a single effective gene for resistance. The
earliest lines that contained single genes for resistance to wheat
stem rust were developed by Knott and Anderson (6), Watson and
Luig (26), and Loegering and Harmon (8). A footnote in the 1962
key (24) for races of P. g. f. sp. tritici suggested that host lines with
single genes might eventually lead to simplified and standardized
procedures.

The acceptance of single-gene differential hosts for race
identification came rapidly, involving different systems of
nomenclature, i.e., Australia in 1963 (26), Canada in 1965 (6), and
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the United States in 1972 (17). Generally, other laboratories have
used one of these three systems for classifying races. Separate
systems were developed in India (1,19). The change to single-gene
differential hosts was useful in breeding resistant cultivars and in
understanding the changes in the pathogen population (13).
However, the characterization of virulence of the pathogen
populations on a global basis was fraught with difficulties caused
by other resistance genes in the host background into which the
single genes had been transferred, and to differences in hosts and
nomenclature systems used. Efforts to correct this were proposed
or attempted by several workers (10,15,25).

This paper establishes an international system of nomenclature
for P. g. f. sp. tritici that should facilitate worldwide
communication between breeders and pathologists; the breeding
of resistant wheat cultivars; and local and global monitoring of
evolution of virulence in the pathogen. It also establishes a type
culture collection in support of these objectives. The system
permits an evaluation of cultures in the area of origin and a
complete phenotype description of the type cultures submitted to
the Cereal Rust Laboratory.

TABLE 1. Genotype of the hosts used in the Stakman series of differential
hosts for Puccinia graminis f. sp. tritici as currently understood

Differential Sr

hosts* gene(s) Remarks”
Little Club L.C Generally ineffective
Marquis 7b, 18, 19, 20, X SrX is important in N, America

Reliance 5. 16, 18, 20 Sr5 is included in the Pgt-set
Kota 7b, 18,19, 28, Kt'2'  S5r28 important in Indian
subcontinent
Arnautka 9d, a Differential in N. America
Mindum 9d.a. b Differential in N. America
Spelmar 9d,a.b Differential in N. America
Kubanka 9. ¢ Sre detected in N. America
Acme 9g.d Srd detected in N. America
Einkorn 21 Sr21 is included in the Pgt-set
Vernal 9e Sr9e is included in the Pgt-set
Khapli Ta. 13,14 Sr13is an important resistance

“Stakman et al (24).

"SrLC, 14, 16, 18, 19, 20, and K12 are generally ineffective worldwide.
except in sexually reproducing populations and against P. graminis f. sp.
other than tritici. Sra, b, c, d are postulated to be present based on host
response and are effective to some North America cultures. Sr7a results in
a low infection type that is too unstable to use with current technology.



Infection tvpe

0

R LA A E R

Low
l.ow
Low
l.ow
Low
1ow
low
L.ow
High

Symptoms

No uredia or other macroscopic sign of infection

No uredia. but hypersensitive necrotic or chlorotic flecks of varying size present
Small uredia often surrounded by a necrosis

Small to medium uredia often surrounded by chlorosis or necrosis

Random distribution of variable-sized uredia on single leal with a pure culture
Ordered distribution of variable-sized uredia. with larger uredia at leal tip
Ordered distribution of variable-sized uredia, with larger uredia at leal base
Medium-sized uredia that may be assoctated with chlorosis or rarely necrosis
Large uredia without chlorosis or necrosis

The infection types are often refined by modifving characters as follows: =, uredia at the lower size limit for the infection type: -~ uredia somewhat smaller
than normal for the infection type: +. uredia somewhat larger than normal for the infection type: ++. uredia at the upper size limit for the infection type: O,
more chlorosis than normal for the infection tyvpe: and N. more necrosis than normal for the infection type. Diserete infection types on a single leal when
infected with a single biotype are separated by a comma (e.g.. 4. or 2=, 2+ or | .3C). A range of variation between infection types is recorded by indicating the
range. with the most prevalent infection type listed first (e.g.. 23 or: 1C or 3IN). Infection types 2. x. y. 7 and 3are often considered madeqguate resistance
levels tor use in commercial cultivars,

Fig. 1. Description of infection types used in physiologic specialization studies.
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Fig. 2. Infection types for Puccinia graminis {.sp. tritici A, (fleck): B, 1 (small uredia): C, 2 (small to medium-sized uredia) D, 3 (medium-sized uredia) and
4 (large uredia).
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MATERIALS AND METHODS

I'his system comprises: 1) a local phenotypic evaluation of
samples from the pathogen population on 12 differential hosts
cach with a single gene resistance; 2) a local evaluation on 12
‘resistant’ lines each with a single gene: 3) an evaluation on a
locally selected supplemental series: and 4) testing of type cultures
on a comprehensive set of host lines with single gene resistances
and the Stakman differential hosts (Table 1) under controlled
conditions at the Cereal Rust Laboratory, St. Paul. MN. For
purposes of race designation, evaluation will be done on seedling
plant leaves.

Based on previous experience (10.13.19). 12 single-gene host
lines (Table 2) with a differential response to a significant portion
of the worldwide pathogen population were selected as potential
differential hosts. Additional criteria for selection were a
recognizable low infection type and stability of the low infection
tvpe over the range of environmental conditions found in most
research laboratories. A low infection type in a gene-for-gene
system is defined as any infection type that is detectably less than
the fully compatible infection type (Fig. 1). Differential hosts were
selected so that the low infection type would normally be less than a
23, From this group of potential differential hosts. those that were
important in the Stakman Series (Table 1) and in the other
differential sets (1,3,6.19.26) were retained to maintain historical
continuity. Additionally, genes that were effective in commercial
cultivars were also emphasized.

Evaluation for resistance on a worldwide basis has shown a
number ol lines with single-gene resistance to be almost universally
effective (9.13.17) against the P. graminis populations. Because of
the value of these genes to wheat breeders and the importance of
detecting evolving virulence toward them. we propose that lines

FTABLE 2. Possible hosts with the required single genes for resistance to
Puccinia graminis 1. sp. tritiei for the Pgt differential set

Sr Single-gene Winter habit  Spring habit
gene line cultivars cultivars
5 ISr5-Ra Chevenne  Summit
21 Triticum monococcum derivative Finkorn
Ye Verstein Vernal
Th ISr7h-Ra Hart Red Fife
I ISrl1-Ra Gabo'
f ISr6-Ra McMurachy
8 ISr8-Ra Flavio Mentana
Qg CnSSrvg Kubanka

ldaed 59
Gamenva
Festiguay
Regent'

.tl'\; Ft-17 W2691SrTt-1 Kenosha
Yh W26 I5r9h
0 BISri0Wst

17 Combination VI Scout 66"

‘Additional gene for resistance to some North American cultures.
"8§r9d also present,
Sr7b and 9d also present.

with resistance of this type comprise the resistance series (Tables 3
and 4). This series can be tested most efficiently by inoculation with
bulk collections (12) until virulence is detected. After virulence is
detected. that host resistance should be evaluated to individual
cultures. For the previously given reasons there are advantages for
using adapted commercial cultivars that possess these genes singly.
rather than attempting to use a near-isogenic series in which the
recurrent parent may be poorly adapted to some environments
(Table 3). However, caution in interpretation of infection type data
is required because resistance in a line may be caused by a second,
previously undetected, host gene.

Supplemental differentials also need to be selected to
characterize the pathogen population relative to the resistance in
local cultivars and to the host genotypes in the local breeding
program. To permit the important task of evaluating hosts of local
interest. the number of international differential hosts was kept ata
minimum.

Type cultures for each race from each country where rust studies
are done can be sent to the Cereal Rust Laboratory at St. Paul,
MN. Type cultures will be evaluated to all the known single genes
for resistance and to the Stakman international differential series.
This provides for a more complete phenotypic description of the
virulence/avirulence of the pathogen and ensures an important
historical continuity.

Type cultures will be stored at —196 C so that they are available
for future studies. The type cultures will be generally evaluated
under a standard set of environmental conditions, i.e., 18 C and
more than 10,000 Ix of light for a 16-hr day. However, resistance
genes known to be effective only under other environmental
conditions will be evaluated separately. The results obtained may
vary with those obtained at the originating laboratory; however,
both are correct phenotypic descriptions for the environment
evaluated. The results of the testing of type cultures will be made
available annually in a suitable international forum. A modified
system of nomenclature was chosen from the available systems
(12). Differential hosts are placed in sets of four, and a letter is
assigned to each of the 16 possible (2') combinations of infections
types (Table 5) that are possible. Sets of four mimimize the length
of the code with enough characters to describe the codes. The
letters B through T minus vowels are used for race designation,
New subsets of differential hosts can be added to the right without
affecting the previously used coding with the letter codes for new
subsets added to the right.

RESULTS

The infection types produced on the host of the Pgt differential
set by selected races of the pathogen population from North
America, Australia. and other areas (18) are shown in Tables 6-12.
It is important to recognize that this differential set does not

TABLE4. Expected low infection types for the ‘resistant ' set recommended
for supplementing the Peudifferential set for Puccinia graminis 1. sp. tritici

TABLE 3 'Rcslxl.‘:n!'_slcl rccupmw_ndcd !.(:.r_ supplementing the Pgt Sr luf\tfr::?lﬂm
ditferential set tor Puceinia graminis |, sp. fritici gene type’ Remarks Souree
Sr Wheat lines or cultivars i : 2+ :’1051 effect il\-c (Ib(‘;\-‘c 25C ;:r.-'.'.-'('.-mi durum
m = . ol a ; 22 2= Not currently used L monococcum
E5ER Mugle gens Winter hasit Spring habit 24 2+ Used in N, and S. America Agropyron elongatum
13 W2691Sr13 Wialki and South Africa
22 SwSr221 b, 25 2- Juvenile resistance A. elongarum
24 BiSr24Ag Agent 26 P Used in Australia A. elongatum
25 LOSr25Ars Agrus Agatha’ 27 iR Used in rye and triticale  Secale cereale *Imperial’
26 Line U Kite 29 2+~ Used in Europe ‘Etiole de Choisy’
27 W26915r27 31 % Used worldwide S. cereale *Petkus’
29 Pusa*4 Fuole de Choisy Etiole de Choisy 32 2= Not currently used T speltvides
31 W3498Sr3 1Ky Clement 13 2 Not currently used T. squarrosa
32 ER 5155" AT 0 Frequently off-type plants 7. timopheevi
33 RI1. 5405

INT-2) W2691Sr37T 0.

' 85r5. 9g. 16 may also be present.
'Sr9f may also be present.
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“Expected low infection type for the recommended backgrounds (Table 3).

Some variation may occur depending on the entire host or pathogen
genotype, as well as with changes in environment. Data in part from
Roelfs and McVey (17) and Luig (9).




provide a complete phenotypic description of the pathogen
virulence, since only selected host resistance genes are evaluated.
Thus, we know that race MCC (Table 6) can be subdivided on
SrTmp.

The mean ranges of low infection types produced with the Pgt
differential set are shown in Table 3. These infection types are not
included in Tables 6-12, because for the purpose of international
race classification, it is proposed that all low infection types be
treated as equal. This avoids subdividing races on the basis of small
environmental differences rather than genetic differences in the
pathogen. This procedure may lump cultures of slightly different
genotype together. In special studies of type cultures, these
differences can be described.

The host lines are arranged in subsets of four with the historical
differentials to the left; and within subsets host-pathogen
interactions known to be more difficult to classify are to the right.

TABLE 5. Pgt-code for the 12 Pgtdifferential hosts for Puccinia graminis t.
sp. tritici in ordered subsets of four

Subset" Infection type produced on host lines with Sr
| 5 21 9e Tb

Pgt- 2 1 6 8a 9g
code 3 i6 9b 30 17

B Low Low Low Low
{6 Low Low Low High
D Low Low High Low
F Low Low High High
G Low High Low Low
H Low High Low High
J Low High High Low
K Low High High High
L High Low Low Low
M High Low Low High
N High Low High Low
P High Low High High
Q High High Low Low
R High High Low High
S High High High Low
T High High High High

*Pgt-code consists of the designation for subset | followed by that for
subset 2, etc. Forexample, race TTT is virulent (high infection type) onall
12 differential hosts and race DCL is virulent on differential hosts with
Sr9e, 9g, and 36. Low and high infection types indicate an incompatible
and a compatible host-pathogen interaction, respectively.

The first four differential hosts of the new Pgt set represent genes
found and considered to be of major importance in the Stakman
series. The relationship between the Stakman race numbers and
the first letter in the Pgt-designation is not always possible to
determine as some of the genes represented in the Stakman Series
(Table 1) are not included. The genes known to be missing are
SrLC (Little Club), SrX, 18, 19, 20 (Marquis), Srl6, 18, 20
(Reliance), Sr18, 28, Kt'2' (Kota), Sr9d, and several genes
conditioning an X infection type in Arnautka, Mindum, and
Spelmar, several genes conditioning an X infection type in
Kubanka and Acme, and Sr7a,13, and 14 (Khapli). The Stakman
races 11, 15, 17, 21, 34, 40, and 56, which have been historically
important in some wheat growing areas, are unaffected by these
exclusions. Conversely, races 14,29,32,98, 113,117, 126, 134, and
151 are affected.

The mean low infection types produced with lines in the resistant
series (Table 3) are shown in Table 4. These tests were generally
conducted at 18 C with a 16-hr day with over 10,000 Ix of
fluorescent light supplemented with sunlight.

DISCUSSION

The identification of virulence phenotypes has been a very
important part of the program to breed resistant host cultivars as
well as in studying regional disease spread and the evolution of
virulence in the pathogen (12). Nevertheless, the naming of
phenotypic variants has come under criticism, such as for
arbitrariness, number of possible phenotypes, and the problem of
adding new differential hosts (2). The underlying stability in the P.
g. . sp. tritici-Triticum spp. host parasite system is such that
naming these phenotypic combinations has been and will continue
to be useful (13). Sexually reproducing populations are more
heterogeneous and many more avirulences exist that are not
detected by the Pgt-system (14).

The evolutionary changes that occur in a pathogen population
such as P. g. . sp. tritici will necessitate changes in differential
hosts, to maintain relevancy of race determination. Experience has
indicated that a review of the system used is required at least every
10 yr. No system can be expected to serve indefinitely. However,
for purposes of international communication, the changes should
be infrequent and made only when they are significant. Changes in
pathogen virulence are often related to the resistance present in the
host population. Thus, those genes currently occurring in
commercial cultivars and those now being introduced into
breeding programs were placed in the ‘resistant’ set. This system

TABLE 6. The infection types (Low = L and High = not shown) produced by selected races of Puccinia graminis {. sp. tritici from North America on hosts

with the resistance genes in the Pgt differential set

Pat- Sr gene Previous designations”
code 5 21 9e 7b 11 6 8a 9 36 9b 30 17 CRL Canadian Stakman
HFL L L L L L L L HDL

HPL L L L L L HNL gfla' :;
HTC L L L L. I HJIC s 29
McCC L L L L L L L L, MBC 17 56
QCC L L L L I L L L QCB C56 151
QFC L L L L L L L QFB C75 151
QTH L, L E L QSH C25 151
RCR_ L L L L L RCR C43 11
RHT L L | RHR C20 ]
RKC L L | L L RIC 32
RKQ L L L L RKQ C35 113
RKR L L L RKQ C52 113
RPQ L L L L. RPQ C39 113
RT.Q L 5 RTQ C41 113
RTR L RTQ C5l1 113
TCL L L L L i L L TBM C42 15
TFL 1 L L L L TDM C49 15
TML L L L L L, TLM CI8 15
.T.PL L L L L TNM C3i3 15
TPM L L | TNM C53 15

“CRL = Cereal Rust Laboratory designation, Roelfs and McVey (16), Canadian = Canadian system, Green (5), Stakman = Stakman series,

Stakman et al (24).
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should serve for at least 10 yras the development of cultivars takes
more than 8 yr. Thus, the selection pressure that will be exerted on
the pathogen populations has been anticipated to some extent.
The system is designed so that a race designation can be assigned
to virulence combinations directly, eliminating the need to contact
a central source before publishing data. It is hoped that local
differential hosts will be added. In parts of the world, some of the
genes represented in the proposed differential series always confer
resistance or susceptibility; such host lines probably need only be

evaluated with representative samples of the pathogen population
annually rather than being included for all race characterizations.
An example would be the line with Sr9g in North and South
America, where avirulence is unknown in the asexual population
after evaluation of more than 20,000 isolates during the past 20 yI.

Itis proposed that the international race designation be reported
with a Pgt-notation, followed by a slash (/), the Sr genes in the
‘resistance’ series on which the culture is virulent followed by the
information on the supplemental series. If no lines in the resistant

TABLE 7. The infection types (Low = L and High = not shown) produced by selected races of Puccinia graminis f. sp tritici from Australia and New

Zealand on hosts with resistance genes in the Pgt differential set

Pei- Sr gene Previous designations'
code 5 21 9e 7b 1 6 8a 9 36 9b 30 17 ANZ Stakman
CCB L L L L L L L L L L 210 21
cce L L L L 1. L L L I 21-5 21
CLJ L L L L, L L L L 194-2,3,7,8.9 194
CMB L L L L L I L L L 21-2 21
CMB L L L L L L L L L 21-2,79 21
CMG L L L L L L L L 21-2,3,7 21
CMR L L L L L L 21-2,3.457 21
CQB L L L L L L L L L 194-1,2 194
CcQJ L L L L L L L 194-1,2,3,7.8,9 194
CRB L L L L L L L L 21-1,2 21
CRJ L L L L L L 21-1,2,3,7,8,9 21
CMJ L L L L L L L 21-2,3,789 21
CMM L L M L L L L 21-24,5 21
LTH L E L L L 98-1,2,3.5.6 98
MFC L L L L L L L 126-5,6,7,11 126
MKC L L L L L L 126-1,5.6,7 126
MMB L L L T L i L L 34-2 34
MMB L L L L, L L L L 34-2,12 34
MMB L L L L L L L L 34-2,12,13 34
MMB L L L L L L L L 34-2.7,12 34
MMB L L L L L L L L 34-2,7,12,13 34
MMM L L L L L L 34-2,4,5,11 34
MNC L L L L L L L 222-2,5,6,7,11 222
MSH L L L L L 343-1,23.5,6 343
MSH L L L L L 222-1,2,3,5.6,7 222
MSH L L L L L 222-1,2,3,5,6,10 222
MSH L L L L L 222-1,2,3.5,6 222
MSR L L L L 343-1,2,3,4,5.6 343
MTH L L I, L 34-1,2,3,5,6,7 34

"ANZ = Australia and New Zealand system, Watson and Luig (26), Stakman = Stakman series, Stakman et al (24).

TABLE8. The infection types (Low= Land High = not shown) produced by selected races of Puccinia graminis f. sp. tritici from South America on hosts

with the resistance genes in the Pgt differential set

Pat- Sr gene Previous designations®
code 5 21 9e 7b 11 6 8a 9g 36 9b 30 17 Brazilian Stakman
HCC L L L L L L L L 17
HFL L L L L L L L 17
HFT L L L L L. L L L 17
HKB I L L L L L L 17
HKG L E L L L L 17/61 17
HTC L I; L L L 17
RFC L L L L L L 11
RFT L L L I, L L L 1
RHR L L L L 11
RHT L L L 11/74 11
RKB L L I L L L 11
RKC L L L L L 11
RKP L L | 11
RKQ L L L L 1
RKR L L L 11/65 11
RKT L L 1
RRR L L L 11/78 11
RRT L L 11
RTH L L L 11
RTP L L 11
TPT L 15
TTT 13

*Brazilian designations after Coelho et al (3), Stakman = Stakman series, Stakman et al (24).
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TABLE9Y. The infection types (Low = L and High = not shown) produced by selected races of Puccinia graminis {. sp. tritici from the Indian subcontinent on
hosts with the resistance genes in the Pgt differential set

Pgt- Sr gene Previous designations’
code 5 21 9e b 11 6 8a 9g 36 9b 30 17 Indian Stakman
ccc I; L I3 L L L L L L 21
CCP L, L I L L L L 21A 275G5 21
CHC L L L L L L L L 21 9GS5 21
CHP L 4 L L L L 21
CTB L L L L L L 21A1 20G21 21
IMC L L L L L L L. HITA 37G8 117
JRC L L L L L L 117A 36G2 17
KTC L I L I 117 37G3 17
pPCP L L L L L 40 104G13 40
PTH L I L 40A 62G29 40

*Indian designations Bahadur et al (1), Stakman = Stakman series, Stakman et al (24).

TABLE 10. The infection types (Low = L and High = not shown) produced by selected races of Puccinia graminis {. sp. tritici from western Asia on hosts
with the resistance genes in the Pgt differential set

Previous
Pgt- Sr gene designations’
code 5 21 9e Tb 11 6 8a 9g 36 9b 30 17 Stakman
CFB L L L L L L L L
GHC L L L L | L L L 14
HFC L L L L L L 1
HHC ks L L. L L L I 17
RHT L L L 11
RFB L L L L L L 1 11
RFC L. L L L l L I
RHC L L L L L L I
RKC L L L L L 1
RKH L L L 1
™™ L L 15

"Stakman = Stakman series, Stakman et al (24).

TABLE 1 1. The infection types (Low = L and High = not shown) produced by selected races of Puccinia graminis f. sp. tritici from North Africa and Europe
on hosts with the resistance genes in the Pgt differential set

Previous
Pat Sr gene designations’
code 5 21 9e 7b 11 6 8a 9g 36 9b 30 17 Stakman
BFC | 13 L L L 1 L L L L, near 111
CFC L L L L L L L L near 176
GHC L L L L L L L L 14
GMC L L L L L L L L
GPH L L I: It L I
GTF L L L, L L 14
GTH L L L L L. 14
MHF L L L L L L near 100
MKC L L L L L L near 100
MKF L L E L L near 100
MKK L L L L near 151
MTH L L L L near 293
QTH L L L L near 178
RFC L L [; L L I: 11
RHC L L L L L L 11
RHF L L L L L 11
RHK L L L L 1
RKC L L L L L |
RKH L L L L 11
RMC L L L L L L 11
RRP L 0 L 11
RSC L L L L L 11
RTC L L 1= L 1
RTH L L L 11
RTM L L. 11
SML I I L L L 1

"Stakman = Stakman series, Stakman et al (24).
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TABLE 12. The infection types (Low = Land High = not shown) produced by selected races of Puccinia graminis f. sp. tritici from southern Africa on hosts

with the resistance genes in the Pgt differential set

Previous
Pgt- Sr gene designations®
code 5 21 9e 7b 11 6 8a 9g 36 9b 30 17 Stakman
LKC L L L L L L L near 95
LTK L L L L near 95
MTC L L L L L 34
NTH L L L L near 95
NTK L L L
PKC L L L L L 34
PTH L L L
PTH L L L 40
RKG L L L L 11
RKG L L L L L 11
RKG L L L L E 11
RKJ L L L L 11
RTR I: L 11
TKT L 15
TPL L L L L 15
TTH L L 15

“Stakman = Stakman series, Stakman et al (24).

TABLE 13. Range of low infection types produced when the lines with Sr
genes used in the Pgt differential set were inoculated with cultures of
Puccinia graminis f. sp. tritici’ that are avirulent with respect to these genes

Sr Low infection
gene types’ Remarks
5 0,05
21 =2~
9¢ 2=
7b 2
1 12-,23 Two distinct low infection types®
6 : Temperature sensitive, test below 20 C
8a 22—
9g 2=2+
36(Tt-1) 0,;1++ Two distinct low infection types*
9b 242
30 24—
17 X- Temperature sensitive, test below 20 C

"Expected low infection type may vary slightly depending on the entire host
or pathogen genotype as well as with changes in environment,

"Data in part from Roelfs and McVey (17) and Luig (9).

“This may result from cultures homozygous and heterozygous for virulence.

set are susceptible indicate as Pgt-TPM-Sr0/; if the set was not
tested use Pgt-TPM-Sr-/. This permits anyone to derive the
virulence/avirulence formula for the Pgt set quickly. In reports
using only a few cultures the authors may choose to use a
virulence/avirulence formula, although we suggest giving the Pgt
race in addition.

The differential host genes were selected on the following basis:
a) stability and ease of classification under the range of
environmental conditions generally available for testing at most
laboratories, b) both low and high infection types can be detected
in most areas of the world, and ¢) the phenotypic difference
detected is important in breeding for resistance, or in studies of
evolution and epidemiology. Additionally, we attempted to
maintain a connection with the Stakman series. A type culture is
proposed for comparative studies and to facilitate international
access for scientific purposes. Type cultures will be evaluated under
a specified set of conditions on all known single sources of
resistance, as well as to the Stakman differential series. The data
will be returned to the originating laboratory and also published
annually in a readily accessible publication. As the system becomes
established, less frequent publication may be needed depending on
the number of type cultures submitted. Samples of each type
culture will be stored at the Cereal Rust Laboratory and will be
available for future use. It is proposed that, where possible, the
laboratory of origin should also store the culture, because field
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evaluation can only be done at that location.

The background genotype for producing single-gene host lines
by backcrossing was generally selected for susceptibility to the
local population of P. graminis f. sp. tritici and local adaptation
and often proved to have undetected genes for resistance when
evaluated elsewhere. Because of differences in environmental
conditions among locations, these lines often grow poorly and are
sometimes very susceptible to other diseases, making maintenance
of seed stocks in some environments difficult. These problems may
be partly avoided by using adapted cultivars that possess the
selected resistance gene, but caution must be used, to assure that
the desired gene pair is responsible for the low infection type
expressed (Table 13). It is known, for example, that some cultures
from the Indian subcontinent are avirulent on a resistance gene
other than Sr6, 9g, or U in the ISr6-Ra line used as a differential
host (Roelfs, unpublished). This population must be evaluated on
the W2691Sr6 line to evaluate the Sr6 response.

Seed of the Pgt differential and ‘resistant’sets will be available in
small quantities from the Cereal Rust Laboratory. The long-range
goal is to have single-gene host lines available for each of the
differential and resistant host lines in an isoline and in spring and
winter habit genotypes without other major genes for resistance to
P. g.f. sp. tritici. It is hoped that such cultivars will be more useful
in many areas of the world where a lack of adaptation to
environmental and local pests have frequently prevented the use or
seed increase of the current isolines.
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