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ABSTRACT

Roelfs,  A.  P. ,  and Martens, J.  W. 1988. An internat ional  system of nomenclature for  Puccinia graminis f  .  sp.  t r i t ic i .  Phytopathology 78:526-533.

A new set of  internat ional  d i f ferent ia l  hosts for  character iz ing the
virulence of cultures of Puccinia graminis f. sp. tritici including the host
resistance genes Sr5,  6,  7b,  8a, 9b, 9e, 99, I  I ,  I  7,  2 l ,  30,  and 36 is proposed.
Addi t ional ly,  a resistant ser ies that  consists ofhost genes 5r13,22,24,25,
26,2'7.  31,32, 33, and 37 that have general ly been resistant wor ldwide is
recommended for evaluat ing bulk col lect ions or composi tes of  indiv idual
cul tures.  The use ofaddi t ional  d i f ferent ia l  hosts of local  interest ,  especial ly
those related to nat ional  breeding programs, is encouraged. Races are to be

designated by a three- let ter  code (Pgt-code) fo l lowed by a hyphen and a
listing of those host genes in the 'resistant' set on which the race was
virulent.  Data on local  supplemental  ser ies should be separated from the
Pgt-code by a s lash. A central  type-cul ture col lect ion is proposed and wi l l
be maintained at  the Cereal  Rust Laboratory at  St .  Paul ,  MN, for  use in
breeding and research programs. Type-cul tures wi l l  be evaluated against
the resistance conferred by the known single genes.

The f irst key to what are now designated physiologic races of
Puccinia graminis (Pers.) f .  sp. tr i t ic i  was published by Stakman
and Levine (20) in 1922. This work fol lowed the discovery of races
I 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 ( l  l ) .  The physiologic race key of 1922 was based on the 12
differential host cult ivars Lit t le Club, Marquis, Kanred ( later
replaced by Reliance), Kota, Arnautka, Mindum, Speltz Marz
(known now as Spelmar), Kubanka, Acme, Einkorn, White Spring
Emmer (now cal led Vernal),  and Khapli  (Table l) .  Infect ion types
(Fig. I  and 2) were divided into groups, with 0, l ,  and 2 indicating
host resistance and infection types 3 and 4 indicating susceptibi l i ty.
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 ref lect gradual changes in the understanding of the
pathogen-host relat ionship. The authors ofthe f irst key indicated
that other hosts might be useful;  however, this message was
general ly overlooked for nearly 30 yr in the case of P. g. f .  sp. tr i t ic i .
The last of the series of keys using the Stakman dif ferential set
included a set <,rf  supplementary dif ferential hosts for use with
North American cultures. The dif ferential hosts selected by
Stakman and co-workers in l9l6 were used worldwide unti l  the
mid-1960s, and they continue to be used to some extent in 1987.

The changes in the classif icat ion of P. g. f .  sp. rr i l ic i  resulted
from two major scienti f ic events. The f irst was the development of
the gene-for-gene concept, principal ly by Flor (4). Second, and as a
consequence of the f irst,  the development of host genotypes
differing primari ly by a single effect ive gene for resistance. The
earl iest l ines 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 Q0 for races of P. g. f. sp. tritici suggested that host lines with
single genes might eventual ly lead to simpli f ied and standardized
procedures.

The acceptance of single-gene dif ferential hosts for race
ident i f icat ion came rapidly,  involv ing di f ferent systems of
nomenclature, i .e.,  Austral ia in 1963 (26), Canada in 1965 (6), and
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the United States in 1972 (17). General ly, other laboratories have
used one of these three systems for classifying races. Separate
systems were developed in India ( I  ,  I  9). The change to single-gene
differential hosts was useful in breeding resistant cult ivars and in
understanding the changes in the pathogen populat ion (13).
However, the characterization of virulence of the pathogen
populat ions on a global basis was fraught with dif f icult ies caused
by other resistance genes in the host background into which the
single genes had been transferred, and to dif ferences in hosts and
nomenclature systems used. Efforts to correct this were proposed
or attempted by several workers (10,15,25).

This paper establ ishes an international system of nomenclature
for P. g.  f .  sp.  t r i t ic i  that  should faci l i tate wor ldwide
communication between breeders and pathologists; the breeding
of resistant wheat cult ivars; and local and global monitoring of
evolut ion of virulence in the pathogen. I t  also establ ishes a type
culture col lect ion in support of these objectives. The system
permits an evaluation of cultures in the area of origin and a
complete phenotype descript ion of the type cultures submitted to
the Cereal Rust Laboratorv.

TABLE I  .  Genotype of  the hosts used in the Stakman ser ies of  d i f ferent ia l
hosts for Puccinia graminis f. sp. tritici as currently understood

Differential Sr
hosts '  gene(s) Kema f  Ks

Lit t le Club
Marquis
Rel iance
Kota

Arnautka
Mindum
Spelmar
Kubanka
Acme
Einkorn
Vernal
Khapl i

LC
7b, 18, 19,20, x
5,  16, 18, 20
7b, 18, 19,28, Kt '2 '

9d,  a
9d, a,  b
9d, a,  b
99, c
9g, d
2l
op

7a. 13. 14

Generally ineffective
SrX is important in N. America
Sr5 is included in the Pgt-set
Sr28 important in Indian

subcont inent
Differential in N. America
Differential in N. America
Dif ferent ia l  in N. America
Src detected in N. America
Srd detected in N. America
Sr2l  is  included in the Pgt-set
Sr9e is included in the Pgt-set
Sr I  3 is an important resistance

(N

9
+

"Stakman et  a l  (24\ .
"SrLC, 14, 16, 18, I9,  20,  and Kt '2 'are general ly inef fect ive wor ldwide,
except in sexual ly reproducing populat ions and against  P.  graminis f .  sp.
other than tr i t ic i .  Sra,  b,  c,  d are postulated to be present based on host
response and are ef fect ive to some North America cul tures.  ,Sr,7a resul ts in
a low infect ion type that is too unstable to use with current technology.



Infect ion type Symptoms

0 Low No uredia or other macroscopic s ign of  infect ion
I  Low No uredia.  but  hypersensi t ive necrot ic or chlorot ic f lecks of  varying size present
I  Low Smal l  uredia of ten surrounded by a necrosis
2 Low Smal l  to medium uredia of ten surrounded by chlorosis or necrosis
X Low Random distr ibut ion of  var iable-sized uredia on single leaf  wi th a pure cul ture
Y Low Ordered distr ibut ion of  var iable-sized uredia,  wi th larger uredia at  leaf  t ip
Z Low Ordered distr ibut ion of  var iable-sized uredia,  wi th larger uredia at  leaf  base
3 Low Medium-sized uredia that  may be associated with chlorosis or rarely necrosis
4 High Large uredia wi thout chlorosis or necrosis

The infect ion types are of ten ref ined by modify ing characters as fo l lows: : ,  uredia at  the lower s ize l imi t  for  the infect ion type; - ,  uredia somewhat smal ler
than normal for  the infect ion type; * ,  uredia somewhat larger than normal for  the infect ion type; * f ,  uredia at  the upper s ize I imi t  for  the infect ion type; C,
more chlorosis than normal for  the infect ion type; and N. more necrosis than normal for  the infect ion type. Discrete infect ion types on a s ingle leaf  when
infected with a s ingle biotype are separated by a comma (e.g . ,4, :  or  2: ,21- or I  ,3C).  A range of  var iat ion between infect ion types is recorded by indicat ing the
range, wi th the most prevalent infect ion type l is ted f i rst  (e.g. ,  23 or;  I  C or 3 I  N).  lnfect ion types 2,  x,  y,  z and 3 are of ten considered inadequate resistance
levels for  use in commercial  cul t ivars.

Fig.  l .  Descr ipt ion of  infect ion types used in physiologic special izat ion studies

A

Fig.  2.  I  nfect io n types for Puccinia graminis f  .  sp.  t r i t ic i  A, ;  ( f leck);  B,  I  (smal l  ured ia) ;  C, 2 (smal l  to medium-sized uredia) D, 3 (medium-sized ured ia)  and
E,4 ( large uredia).
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MATERIALS AND METHODS

This system comprises: I)  a local phenotypic evaluation of
samples f rom the pathogen populat ion on l2 di f ferent ia l  hosts
each with a s ingle gene resistance; 2) a local  evaluat ion on l2
' resistant ' l ines each with a s ingle gene; 3) an evaluat ion on a
local ly selected supplemental series; and 4) test ing of type cultures
on a comprehensive set of host l ines with single gene resistances
and the Stakman dif ferential hosts (Table l)  under control led
condit ions at the Cereal Rust Laboratory, St. Paul, MN. For
purposes of race designation, evaluation wil l  be done on seedling
plant leaves.

Based on previous exper ience (10,13,19),  l2 s ingle-gene host
l ines (Table 2) with a dif ferential response to a signif icant port ion
of the worldwide pathogen populat ion were selected as potential
d i f ferent ia l  hosts.  Addi t ional  cr i ter ia for  select ion were a
recognizable Iow infection type and stabi l i ty of the low infection
type over the range of environmental condit ions found in most
research laboratories. A low infection type in a gene-for-gene
system is defined as any infect ion type that is detectably less than
the ful ly compatible infect ion type (tr ig. l) .  Dif ferential hosts were
selected so that the low infection type would normally be less than a
23. From this group of potential dif ferential hosts, those that were
important in the Stakman Ser ies (Table l )  and in the other
dif ferential sets ( 1,3,6, I9,26) were retained to maintain historical
continuity. Addit ional ly, genes that were effect ive in commercial
cult ivars were also emphasized.

Evaluation for resistance on a worldwide basis has shown a
number of l ines with single-gene resistance to be almost universal ly
effect ive (9, I  3, I  7) against the P. graminis populat ions. Because of
the value of these genes to wheat breeders and the importance of
detecting evolving virulence toward them, we propose that l ines

TABLE 2. Possible hosts with the required single genes for resistance to
Puttinia graminls f. sp. lrilici for the Pgt differential set

Single-gene
l in e

Winter habi t  Spr ing habi t
cul t ivars cul t ivars

with resistance of this type comprise the resistance series (Tables 3
and 4). This series can be tested most eff iciently by inoculat ion with
bulk col lect ions (12) unti l  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 cult ivars 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 interpretat ion of infect ion type data
is required because resistance in a l ine may be caused by a second,
previously undetected, host gene.

Supplemental  d i f ferent ia ls also need to be selected to
characterize the pathogen populat ion relat ive to the resisrance in
local cult ivars 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 dif ferential hosts was kept at a
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 wil l  be evaluated to al l  the known single genes
for resistance and to the Stakman international dif ferential series.
This provides for a more complete phenotypic descript ion of the
virulence/avirulence of the pathogen and ensures an important
historical continuity.

Type cultures wil l  be stored at - I  96 C so that they are avai lable
for future studies. The type cultures wil l  be general ly evaluated
under a standard set of environmental condit ions, i .e.,  I  8 C and
more than 10,000 lx of l ight for a l6-hr day. However, resistance
genes known to be effect ive only under other environmental
condit ions wil l  be evaluated separately. The results obtained may
vary with those obtained at the originating laboratory; however,
both are correct phenotypic descript ions for the environment
evaluated. The results of the test ing of type cultures wil l  be made
available annually in a suitable international forum. A modif ied
system of nomenclature was chosen from the avai lable systems
(12). Differential hosts are placed in sets offour, and a letter is
assigned to each of the l6 possible (24.1 combinat ions of in lect ions
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 ofdif ferential hosts can be added to the r ight without
affect ing the previously used coding with the letter codes for new
subsets added to the r ight .

RESULTS

The infection types produced on the host of the Pgt dif ferential
set by selected races of the pathogen populat ion from North
America, Austral ia, and other areas ( 1 8) are shown in Tables 6_ I 2.
I t  is important to recognize that this dif ferential set does not

TA BLE 4. Expected low infection types for the 'resistant 'set recommended
forsupplementingthePgtdif ferentialsetfor Pucciniagraminisf.sp.tr i t ic i

Expected
low infect ion

type" Remarks Source

Most effective above 25 C Triticum durum
Not currently used T. monococcum
Used in N. and S. America Agrop.vron elongatum

and South Afr ica

Sr

5 ISr5-Ra Cheyenne
2l  Tr i t icum monococcum der ivat ive
9e Verstein
7b ISrTb-Ra Hart

l l  lSr l l -Ra
6 lSr6-Ra
8a ISrS-Ra Flavio
99 CnSSr9g

36(Tt- l )  W269lSrTt- l  Kenosha
9b W269lSr9b

30 BtSr3OWst
17 Combinat ion VII  Scout 66'

Summit
Einkorn
Vernal
Red Fife
( raDO

McMurachy
Mentana
Kubanka
ldaed 59
Gamenya
Fest iguay
Regent '

'Addi t ional  gene for resistance to some North American cul tures.
'Sr9d also present.
'Sr7b and 9d also present.

TABI-E 3. 'Resistant 'set  recommended for supplement ing the Pgt
differential sel for Puccinia graminis f. sp. triti(i

Sr Wheat l ines or cul t ivars

Single gene Winter habi t Spr ing habi t

Wialk i

Agatha'
Ki te

"Sr5,  99, l6 may also be present.
n. ! r9f  may also be present.
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Sr
gene

lJ  zt

lz

24 2+-
I3 W269lSr l3
22 SwSr22T.b.
24 BtSr24Ag
25 LCSr25Ars
26 l - ine U
27 W269 ISr27
29 Pusa*4r Et io le de Choisy
3 I  W3498 Sr3 I  Kvz
32 ER 5155h
33 RL 5405
37(Tt-2) W2691 Sr37T.t .

Agent
Agrus

Et io le de Choisy
Clement

2'7
29
3l

-) -l

37 (Tt-2)

2-
;L-

o.) ,

:2
A.

25
26

Used in rye and triticale Secale cereale'lmperial'

Juveni le resistance
Used in Austral ia

Used in Europe
Used worldwide
Not current ly used
Not current ly used

A. elongatum
A. elongatum

'Et io le de Choisy '
S. cereale'Pefkus
T. speltoides
T. squarrosa

Frequently off+ype plants Z timopheevi

'Expected low infect ion type for the recommended backgrounds (Table 3).
Some var iat ion may occur depending on the ent i re host or pathogen
genotype, as wel l  as wi th changes in environment.  Data in part  f rom
Roel ls and McVey (  l7)  and Luig (9).



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

The mean ranges of low infection types produced with the Pgt
dif ferential set are shown in Table 13. These infectiontypesare not
included in Tables 6- I  2, because for the purpose of international
race classif icat ion, i t  is proposed that al l  low infection types be
treated as equal. This avoids subdividing races on the basis of small
environmental dif ferences rather than genetic dif ferences in the
pathogen. This procedure may lump cultures of sl ightly dif ferent
genotype together. In special studies of type cultures, these
differences can be described.

The host l ines are arranged in subsets offour with the historical
di f ferent ia ls to the lef t ;  and within subsets host-pathogen
interactions known to be more dif f icult  to classify are to the r ight.

TA BLE 5. Pgt-code for the I 2 Pgt differential hosts for Putcinia graminis L
sp. titici in ordered subsets of four

Subset" lnfect ion type produced on host l ines wi th Sr

The f irst four dif ferential hosts ofthe new Pgt set represent genes
found and considered to be of major importance in the Stakman
series. The relat ionship between the Stakman race numbers and
the f irst letter in the Pgt-designation is not always possible to
determine as some of the genes represented in the Stakman Series
(Table l)  are not included. The genes known to be missing are
SrLC (Li t t le Club),  SrX, 18, 19,20 (Marquis) ,  Sr16, 18,20
(Reliance), Srl8, 28, Kt '2'  (Kota), Sr9d, and several genes
condit ioning an X infection type in Arnautka, Mindum, and
Spelmar, several genes condit ioning an X infection type in
Kubanka and Acme, and Sr7a, I  3, and I a (Khapli) .  The Stakman
races I l ,  15, 17, 21, 34, 40, and 56, which have been historical ly
important in some wheat growing areas, are unaffected by these
exclusions. Conversely,  races 14, 29,32,98, I  13,  I  17,  126, I34,  and
l5 I are affected.

The mean low infection types produced with l ines in the resistant
series (Table 3) are shown in Table 4. These tests were general ly
conducted at l8 C with a l6-hr day with over 10,000 lx of
f luorescent l ight supplemented with sunl ight.

DISCUSSION

The identi f icat ion of virulence phenotypes has been a very
important part of the program to breed resistant host cult ivars as
well  as in studying regional disease spread and the evolut ion of
virulence in the pathogen (12). Nevertheless, the naming of
phenotypic variants has come under cri t ic ism, such as for
arbitrariness, number of possible phenotypes, and the problem of
adding new dif ferential hosts (2). The underlying stabi l i ty in the P.
g. f .  sp. tr i t ictTri t icum spp. host parasite system is such that
naming these phenotypic combinations has been and wil l  continue
to be useful (13). Sexually reproducing populatrons are more
heterogeneous and many more avirulences exist that are not
detected by the Pgt-system (14).

The evolut ionary changes that occur in a pathogen populat ion
such as P. C.f.  sp. tr i t ic i  wi l l  necessitate changes in dif ferential
hosts, to maintain relevancy of race determination. Experience has
indicated that a review ofthe system used is required at least every
l0 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 signif icant. Changes in
pathogen virulence are often related to the resistance present in the
host populat ion. Thus, those genes currently occurring in
commercial cult ivars and those now being introduced into
breeding programs were placed in the 'resistant 'set. This system

Pgt-
cod e

21 9e 7b
68a99
9b 30 17

5
II
io

I

2
3

B
L

D
F
Lt

H
J
K
L
M
N
P

a
R
S
T

Low
Low
Low
Low
Low
Low
Low
Low
High
High
High
High
High
High
High
High

Low
Low
Low
Low
High
High
High
High
Low
Low
Low
Low
High
High
High
High

Low
Low
High
High
Low
Low
High
High
Low
Low
High
High
Low
Low
High
High

Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
LOW

High

'Pgt-code consists of  the designat ion for  subset I  fo l lowed by that for
subset 2,  etc.  For example.  race TTT is v i ru lent (h igh infect ion type) on al l
l2 di f ferent ia l  hosts and race DCL is v i ru lent on di f ferent ia l  hosts wi th
Sr9e, 99. and 36. Low and high infect ion types indicate an incompat ib le
and a compat ib le host-pathogen interact ion,  respect ively.

TABLE6 Theinfect iontypes(Low:LandHigh:notshown)producedbyselectedracesof Pucciniagraminisf .sp. t r i t ic i t romNorthAmericaonhosts
with the resistance genes in the Pgt differential set

P qt-

code

Sr gene Previous designat ions'

l7 CRL Canadian StakmanQq8al l21

cl  t7
c2 17
c5 29
ct7 56
c56 15 I
c75 t5l
c25 l5 l
c43 t l
c20 l l
' ' '  - t  z

c35 I  13
c52 I 13
C39 I  13
C4I I  13
c5 l  l l3
c42 15
C49 15
CI8 15
c33 15
c53 15

L
L

L
L

LL
LL
LL
LL
L

L
L
L
L

L

L
L

LL
LL
L

LL
L

L
L
L
L

L
L

L
L
L

L
L
L
L
L

L
L
L

LL
LL
LL
LL
L
L
L
L
L
L
L

L
L
L

HDL
HNL
HJC
MBC

QCB
QFB
QSH
RCR
RHR
RJC
RKQ
RKQ
RPQ
RTQ
RTQ
TBM
TDM
TLM
TNM
TNM

L
L,
L
L
L
L
L
L

L
L
L
L

L

L
L
L
L
L

L

L
L
L
L
L
L
L

HFL
HPL
HTC
MCC

QCC
QFC
QTH
R.CR
RHT
RKC
RKQ
RKR
RPQ
RTQ
RTR
TCL
TFI-
TML
TPL
TPM

'CRL :  Cereal  Rusr
Stakman et  a l  (24).

Green (5),  Stakman = Stakman ser ies
Laboratory designat ion,  Roel fs and McVey (16),  Canadian :  Canadian svstem
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should serve for at  least  l0 yras the development of  cul t ivars takes
more than 8 yr .  Thus, the select ion pressure that wi l l  be exerted on
the pathogen populat ions has been anticipated to some extent.

The system is designed so that a race designation can be assigned
to v i ru lence combinat ions direct ly.  e l iminat ing the need to contact
a central source before publ ishing data. I t  is hoped that local
di f ferent ia l  hosts wi l l  be added. In parts of  the wor ld,  some of  the
genes represented in the proposed dif ferential series always confer
resistance or susceptibi l i ty; such host l ines probably need only be

evaluated with representative samples of the pathogen populat ion
annually rather than being included for al l  race characteriz-at ions.
An example would be the l ine with Sr9g in North and South
America. where avirulence is unknown in the asexual populat ion
after evaluation of more than 20,000 isolates during the past 20 yr.

I t  is proposed that the international race designation be reported
with a Pgt-notat ion, fol lowed by a slash (/),  the Sr genes in the
'resistance'series on which the culture is virulent fol lowed by the
information on the supplemental series. I f  no l ines in the resistant

TABLE 7. The infect ion types (Low: L and High -  not  shown) produced by selected races of  Puccinia graminis f  .  sp t i t ic i  f rom Austral ia and New
Zealand on hosts with resistance genes in the Pgt differential set

Sr gene Previous designat ionsPor-

code l l 9bQo8a 11 ANZ Stakman

2t-0 2l
2t-5 2l
t94-2,3,7,8.9 t94
2t-2 2l
z l -2,7,9 2l
2t-2.3,7 2l
zt-2,3.4.5,7 2l
194-1,2 t94
194-t,2,3, '7.8,9 194
2l-1,2 21
2t-1,2,3,7,8,9 2l
2t-2,3,7,8,9 2l
2t-2,4,5 2l
98- I  ,2,3,5,6 98
t26-5,6,7,11 t26
t26-t ,s,6,7 126
34-2 34
34-2,12 34
34-2, t2, t3 34
34-2,7,12 34
34-2,7,12,t3 34
34-2,4,5, t1 34
222-2,5,6,7 ,1 |  222
343-1,2,3,5,6 343
222-1,2,3,s,6,7 222
222-t ,2,3,5,6,10 222
) ) ) - t )1\6 )1 ' )

343-1,2.3,4,5,6 343
34-t ,2,3,s,6,7 34

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L

L
L
L
L

L
L
L
L
L

L
L
L
L
L

L
L

L
L
L
L
L

L
L

L
L

L
L
L
L
L
L

L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
r
L

LL
LL

L
L
L
L
L

L
LL
LL

LLL
LLL
LLL
LLL
LLL
LL

LLL
LL
LL
LL
LL
I

LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LLL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL
LL

L
L
L
L
L
L
L
L
L
L
L
L
L

CCB
CCC
CLJ
CMB
CMB
CMG
CMR
CQB
CQJ
CRB
CRJ
CMJ
CMM
LTH
MFC
MKC
MMB
MMB
MMB
MMB
MMB
MMM
MNC
MSH
MSH
MSH
MSH
MSR
MTH

L

L

LL
L

L
L
L
L
L
L
L

" ANZ :  Austral ia and New Zealand system, Watson and Luig (26),  Stakman :  Stakman ser ies,  Stakman el  a l  (24).

TA BLE 8. The infect ion types (  Low -  L and High -  not  shown) prod uced by selected races of  Puccinia graminrs f .  sp.  t r i t ic i  f rom South America on hosts
with the resistance genes in the Pgt differential set

Sr gene Previous designat ions'Pgt-
cooe 309b369g8a7b9e l l t7 Brazi l ian Stakman

HCC
HFL
HFT
HKB
HKG
HTC
RFC
RFT
RHR
RHT
RKB
RKC
RKP
RKQ
RKR
RKT
RRR
RRT
RTH
RTP
TPT
TTT

L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L
L
L
L

L
L
L
L
L
L
L
L
L
L

L
L
L
L

LL
LL
LL
LL

L
LL
LL
LL

L

LL
LL
L

L
L

L
L
L
L
L
L

L
L

LL
L
L

17
t7
l7
l7

17 l6t  t '7
t7

l l174

l l /65

|  178

'Brazi l ian designat ions af ter  Coelho et  a l  (3) ,  Stakman: Stakman ser ies,  Stakman eta] l (24)
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TA B L E 9.  The infect ion types (  Low :  L and H igh :  not  shown) prod uced by selected races of  Pucc in ia graminis f .  sp.  t r l l lc i  f rom the I  nd ian subcont inent on
hosts with the resistance genes in the Pgt differential set

Sr gene Previous designat ions'
Pot-

code 309b36Qo7b2l il l '7 Indian Stakman

CCC
CCP
CHC
CHP
CTB
JMC
JRC
KTC
PCP
PTH

2l
2l
2l
2l
2l

n7
n7
n7
40
40

2l A 275G5
2t 9G5

2l A1 20G21
l lTA 37G8
17 A 36G2
|7 37G3
40 l04Gl3
40 A 62G29

LL
L
L
L

L
L
L
L
L
L
L
L
L

L
L
L
L

L
L
L
L

L
L

LLLL
LLLL
LLLL
LLLL
LL
LL
LL
L

L
L

" Indian designat ions Bahadur et  a l  (  1 ) ,  Stakman :  Stakman ser ies,  Stakman et  a l  (24)

TABLE 10. The infect ion types (Low - L and High -  not  shown) produced by selected races of  Puccinia graminis f .  sp.  t r i t ic i  f rom western Asia on hosts
with the resistance senes in the Pst differential set

Sr gene
Previous

designat io ns'

Stakmanl79b9gl l'7b9ezl
Pot ' -

code

l4

l7
I t
l l
l l
l t
I I
l l
l5

L
L
L
L

L
L
L
L
L
L

LL
LL
LL
LL

LL
LL
LL
LL
L

L
LL

L
L
L
L
L
L
L
L

LLL
LL
LL
LL

L
L
L
L
L
L

CFB
GHC
HFC
HHC
RHT
RFB
RFC
RHC
RKC
RKH
TTM

'Stakman :  Stakman ser ies,  Stakman et  a l  (24)

TABLE I  I  .  The infect ion types (  Low: L and High -  not  shown) produced by selected races of  Puccinia graminis f .  sp.  r r i r ic i  f rom North Afr ica and Europe
on hosts with the resistance genes in the Pgt differential set

Sr gene
Previo us

designat io ns'

Stakmant7309b36Qol l2l
Pot-

code

near l l l
near 176

l4

l4
t4

near 100
near I00
near 100
near l5 l
near 293
near 178

il
I I
l l
il
l l
il
l l
l l
l l
l l
l l
l l

LL
LL
LL
LL

L

L
L

LL
LL
L

L
L
L

L
L
L
L
L

L
L
L
L

L
L

LL
LL
LL

LL
L

L
L
L
L
L

L
L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L

L
L

BFC
CFC
GHC
GMC
CPH
GTF
GTH
MHF
MKC
MKF
MKK
MTH

QTH
RFC
RHC
RHF
RHK
RKC
RKH
RMC
RRP
RSC
RTC
RTH
RTM
SML

L
LL
L

L
L
L

L
L

L
L
L
L

L
LL
L
L
L
L
L

L
r

L
L
L

'Stakman :  Stakman ser ies,  Stakman et  a l  (24)
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TA BLE I  2.  The infect ion types (Low - L and High -  not  shown) produced by selected races of  Put 'c in ia graminis f .  sp.  l r i l lc l  f rom southern Afr ica on hosts
with the resistance genes in the Pgt differential set

Sr gene
Previ  ous

designat i  o ns'

Stakman
Pot-

code 2l l l t79o

LKC
LTK
MTC
NTH
NTK
PKC
PTH
PTH
RKG
RKG
RKG
RKJ
RTR
TKT
TPL
TTH

L
L
L
L
L
L
L
L

L
L
L
L

L
L

L
L
L
L
L
L

L
L
L
L
L
L
L
L
L
L
L
L

LLL
LL
L

L
L

L
L
L
L

L
L
L
L
L

near 95
near 95

34
near 95

34

40
I1
I I
il
l l
l l
l )

l5
l )

LL
LL

Sr
gene

'Stakman -  stakman ser ies.  Stakman eI  a l  (24).

TABLE 13. Range of low infect ion types produced when the l ines wi th Sr
genes used in the Pgt differential set were inoculated with cultures of
Puccinia graminis f .  sp.  t i t ic i '  that  are avirulent wi th respect to these genes

evaluation can only be done at that location.
The background genotype for producing single-gene host l ines

by backcrossing was general ly selected for susceptibi l i ty to the
local populat ion of P. graminis f  .  sp. tr i t ic i  and local adaptation
and often proved to have undetected genes for resistance when
evaluated elsewhere. Because of dif ferences in environmental
condit ions among locations, these l ines often grow poorly and are
sometimes very suscept ib le to other diseases, making maintenance
of seed stocks in some environments dif f icult .  These problems may
be part ly avoided by using adapted cult ivars 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 l3). I t  is known, for example, that some cultures
from the Indian subcontinent are avirulent on a resistance gene
other than 516,99, or U in the I516-Ra l ine used as a dif ferential
host (Roelfs, unpublished). This populat ion must be evaluated on
the W269 l516 l ine to evaluate the 516 response.

Seed of the Pgt dif ferential and 'resistant 'sets wil l  be avai lable in
small  quanti t ies from the Cereal Rust Laboratory. The long-range
goal is to have single-gene host l ines avai lable for each of the
differential and resistant host l ines in an isol ine and in spring and
winter habit genotypes without other major genes for resistance to
P. g. f .  sp. tr i t ic i . l t  is hoped that such cult ivars wil l  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 isol ines.
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