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Use of Infection Type Data to Identify
Genes for Low Reaction to Wheat Leaf
Rust in Gemmeiza and Sids Cultivars

Wheat Dis. Dept., Plant Pathol. Res. Inst., ARC, Giza, Egypt.

esting 14 commercial wheat coltivars sgeinst 12 test-isolates of

Puccinia witicina identified Lr resistance genes. Eleven
resistance genes, representing 55% of the total Lr genes used, Lr 1, 2a,
2¢, 2b, 3, 3ka, 10, 11, 16, 17, and 26 were revealed, with different
frequencies. The most frequent Lr genes were Lr 17 and 26 foliowed
by Lr 3and 10.

Evidence indicated that, Lr 17 and 26 were postulated in five of the
14 cultivars used and Lr3 and /0 were present in four cultivars.

Resulting leaf rust reaction types were consistent with the
presence of Lr 1 in cultivar Gemmeiza 1. Gemmeiza 7 and Sids 3; Lr
2a, 2b. and 2c in Gemmeiza 1; Lr 3 in Gemmeiza 1. Gemmeiza 7 and
Sids 1 and Sids 2; Lr 3ka in Gemmeiza 7, Sids 1 and Sids 3; LrJ0in
Gemmeiza 1, Gemmeiza 7, Sids 1 and Sids 2; Lr 1] in Gemmeiza 7
and Sids 3;: Lr 16 in Gemmeiza7 and Lr /7 and 26 in Gemmeiza 1,
Gemmeiza 7and Sids 1-3, Nine cultivars had none of the 20 known Lr
genes tested, two cultivars postulated to have eight Lr genes, two
cultivars had five Lr genes and one cultivar had four Lr genes. All
these 14 cultivars also had at least one ynidentified resistance gene.
Keywords: Leaf rust disease, Puccinia friticina, resistance gencs and

wheat cultivars.

Leaf rust caused by Puccinia triticina is one of the most common diseases of
wheat occurring nearly wherever wheat is grown {Wiese, 1987). In Egypt, leaf rust
can cause yield fosses of 5-10% or more in wheat cultivars when they lack adequate
resistance (Nazim ef al, 1982 and 1983).

Recently, more interest is given to horizontal resisitance; however, the major
control methods for wheat leaf rust centres in the use of early maturing cultivars and
the incorporation of genes for low reaction into commercial cultivars. Shafer and
Roelfs (1985) reported that, the high level of resistance 1o leaf rust are race- specific
and the durability of this resistance, may depend on the number of effective
resistance genes that are combined in the wheat cultivars. For this reason, when
pyramiding resistance genes in cultivars, it is important to know similarities and
differences in genotypes for resistance to Puccinia Iriticina in wheat (Triticum
aestivum 1.) germplasm used as parents in the breeding programs to manage the
available gene resources.

The gene-for-gene relationship (Flor. 1956 and 1971) between race-specific

resistance in host plant and virulence in pathogens makes it possible to postulate
resistance genotypes of host cultivars based on their reaction to a selected set of
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pathogen isolates, Loegering (1978 and 1985) developed the concept of
interorganismal genetics of host: pathogen association in gene- for- gene interaction
and used it to detect the presence of specific resistance genes in bost culfivars based
on their reaction to pathogen isolates with suitable combinations of avirylence and
virulence alleles. Data for infection types (ITs) of the host- pathogen mteraction
have been used to postulate the genes present in wheat cultivars for leaf rust and
stem rust resistance (Singh et al, 1999; Zhemchuzhina and Kryazheva 2002;
Chekowski et al., 2003; Kovalenko ef al., 2003 and Kolomiets ef al., 2004). The
objective of this study was to postulate the leaf rust resistance gemes in
commercially grown Gemmeiza (5 cultivars) and Sids (9 cultivars) cultivars of
Egyptian wheat which are frequently used as donors of other agronomic and quality
characteristics.

Materials and Methods

The present rescarch was funded by the Agricultural Technology Utilization and
Transfer (ATUT), Agency for Inteynational Development (AID) and carried out at
Cereal Dis. Lab., USDA, St. Paul, Minnesota Univ., Minneapolis, Minnesota, USA.

Pathogen isvlates:

A set of 12 isolates of Puccinia triticina with different combinations of
avirulence and virulence genes were selected for the test (Table 5). The isolates used
in this study are representative of the predominant leaf rust races in Egypt. The
isolates were assigned five- letters race designations based om high and low infection
types to 16 Thacher differential lines (Long and Kolmer, 1989). Supplemental near-
isogenic lines containing resistance gemes Lrigh, 15 36, and 42 were also
incculated at the same time as differential set (ATUT-W4 Project, ARC, Tables 1
and 2). Each isolate was tested on a set of 20 differential wheat lines, each with a
different single Lr gene for resistance to leaf rust. The 20 differential lines and their
low infection types (LITs) were shown in Table (3). The IT is indicated according to
Stakman ef al. (1962) scale of G (no visible reaction); (hypersensitive necrosis or
chlorotic flecks), 1 (smallf uredinia often surrounded by necrosis), 2 (smali to
medium uredinia ofien surrounded by chiorosis), or various combinations of these
reactions. In a few cases, IT3 (mediwm-size uredinia without chlovosis or necrosis)
which is regarded as a high infection type (HIT), was seen in combination with
a low IT. Each isolate was increased on a selected Lr lines susceptible to that isolate
but not to other, to avoid potential combination of cultures used in subsequent tests,

Inoculation procedures:
The 20 near-isogenic Lr lines and the 14cultwu*s(’1'ablc4)tnbemdwere

planted in vermiculite in 5.3 cm square plastic pots. Four entries were planted per
pot with 10 to 15 seeds per entry planted in each comer of the pot. Pots were
grouped in plastic trays; each is designed to hold six pots. Planis were grown in
a rust-free greenhouse until inoculation. Plants were fertilized with 2 water-soluble
fertilizers (23:19:17 NPK) at a rate of 2.5g per tray of six pots.
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Table 1. Code (Pt) for the 16 North American differential hosts for Peccimia friicine =

ordered sets of four and an additional set of five

Infection type® produced on near isogenic Lr lines:
Host sct 1 1 7 2 k™
Host set 2: 9 16 24 26
Host set 3: - Ik 1 17 30
Host set 4: B 10 4a 13
Plcode’| HostsetS:# 14b 15 36 »
B Low Low Low Low
C Low Low Low H
D Low Low High Low
F Low Low High High
G Low High Low Low
H Low High Low High
| 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 |

'hmmdﬂ:mﬁwlwwmnstzmhﬂ;mmnl
(M) - virulest 0 Lrl, 3a; sct 2 (G) - vimlent 0 LA6; set 3 (B) - avirskemt. * Low ifertion type
(avirnlent pathoges); High infection type (vinlcnt pathoges), see Table 2. # ATUT-W4 Project, ARC.

‘Fable 2. Descriptioa of infection types and symptoms

;

Symptoms

No uredinia or other macroscopic sign of infection

Fle

Few faint flecks

No oredinia, but hypersensitive necrotic o chlorotic flecks present

Small uredinia often surrounded by & necrosis

Small to medium wredinia ofien sarvounded by chiorosis

Random distribution of varablesi —

I EVI T IYY =y

Medi ied uredinia with hlorosis ar ©

4

EEEEEEEEE%

Large uredinia without chlorosis or necrosis

® The ifection types are ofien refined by modifyisg characters s follovws:
=, uncdinia st the lower size limit for the infection type. -, uredinia somewhat ooslics than nomeel for the
infoction type. +, wedinia somewhat larper then normsl for the infiection type, ++, woilinia 2 the wpper
size himit for the infection type, C, more chiorosis than normal for the infection type, N, mort secrosis
than mormal for the imfection type.
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Table 3. Low infection types"|r conferred by near-isogenic lines possessing 21
genes for resistance to Puccinia triticina

[ Lrgene Isoline Low IT Lr gene Isoline Low IT
Fi RL6003 0; 15 R1L6052 iCale
2a RL600O0O 0;,;lc 16 RL6005 i-2cm
2b RL6019 11+ 17 RL6008 :12.23¢
2c RL6047 e 18 RL6009 2
3 RL6002 Oic 21 RL6043 0;,12- |
3ka RL6007 i2 24 RL6064 0;,0,1-
9 RL6010 0; 26 |  RL6076 0,
10 RL6004 0;,2¢ 30 RL6049 0;,:1
77 RL6055 | _ 23 36 ER84018 | O;21c
| 14b RL6006 X 42 WGRCl] O;;lc |

* low infection types at 18°C, may vary at other temperatures (Luig and Rajaram, 1972).
0=no flecks or uredinia, 0;=faint hypersensitive flecks, ;= hypersensitive flecks, 1-small
uredinia with necrosis, 2= small uredinia with chiorosis, 3= moderate size uredinia, 4= large
uredinia, +indicates slightly larger uredinia, -=indicates slightly smaller uredinia, C, more
chlorosis than normal for the infection type, N, more necrosis than normal for the infection
type, s =susceptible.

At 7 days after planting, when the first leaves were fully expanded, the seedlings
were inoculated by spraying them with a suspension of urediniospores in a light
minerali oil carrier. The oil was allowed to evaporate from the leaves for 30-60 min

and the seedlings were placed overnight in a dew chamber at 17°C. They were then
transferred to a greenhouse with mean temperature approximately 20 to 21°C and
light supplemented with 100-200 mol m-2 g1 photo flux flucrescent light. At 14
days after inoculation, plants were scored for IT according to Stakman et al, (1962)
scale.

The same procedure was used to test cultivars against each of P. friticina
isolates, but the inoculation with different isolates was done at different times
provided that cross contamination is avoided.

Postulation of resistance genotvpes:

Reactions of the 20 near- isogenic lines to the 12 isolates are shown in Table (5).
The 14 commercial wheat cultivars and their pedigrees are shown in Table (4). The
presence of specific genes for resistance in cultivars was detected as previously
described by McVey (1993). Briefly, cultivars that are susceptible to isolates
possessing avirulence to a given monogenic tester line must lack the gene for
resistance present in that tester line. Cultivars that are resistant only to which the
monogenic tester lines are also resistant, were postulated to have the genme for
resistance of that line, if the LITs were similar.
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Table 4. Egyptian wheat cultivars tesied for the postuistion of gemes for
resistance to leaf rast
Cultivar Padigree
Gemymeiza 1 Maya 5" /0n//1160 147/3/Blochird/Gal 1M/ hat "5
Gemmeiza 3 Bb/Sicte Corros// Y aqui SIVEal*3/7Sakhe S4/P v/ WWAAAg s ON CGM-4R4-1-
GM-2GM-0GM
Gemmeiza 5§ | Vee"s"/SWM6E5250GM4017-1GM-SGAIGM-OGM
Gemmeiza 7 | Vee"s"/SWME525CGMAD1T
Gemmeiza 9 Vee"s"/SWMGS25CGM4017T

Sids 1 HD2172/Pavon "5"//1158 57TMays74 "s”

Sids 2 HD2206/Hork "s"/3/Nappoti/Tuis 66//Wren "s”

Sids 3 Sakha 69/Giza 155

Sids 4 Maya "s"/Mon "s"/CMIH4_AS93/Gira 1572

Sids 5 Maya "s"/Mon *s"/CMITI4 AS92/3Gioa 157SD10001-70d-45D-2SD-9SD
Sids 6 Meya "s"/Mion "s"/CMH74_AS92/3/Sekha $*72 SDI00NZ-4SD-35D-15D-0SD
Sids 7 Maya "s"/Mon "s"\CMH74.A592/3/Sekba £*2 SD10002-8SD-18SD-15D-05D
Sids 8 Mays "s"/Mos "s"CMH 74 A592/3/Sekha §*2 SDI10002-145D-3SD-15D-08D
Sids 9 Unknown

Table 5. Seedling infection types* of Thacher near-isogenic lines imocuiaied
with 12 virulent phenotypes of the leaf rust fengns Faccinix inlicine

m (e 4
Thatcher line-Lr| & g 328 2 § =1 g 318 B
= |5|g|B|8|B|S|E|S|B|8|E|B
RL 6001-L¢! SIS} S S| S|S] S S S S S
RL60QI-Ir2a | S { ; 1ICJIC | § ; 18] ; S : s 1;1C
RL6001-Lr2e § S j;11 8 1;1C| S ;1Sj;Ci S |;C| S S
RL&0O-Lr2b | 8 | : | 2C J;1IC} S |;IC] S]] : S : s 1C
RL600I-Lr3 | ;1 | S {2+t | S S Si{S| S S s s S
RL600I-Lr3kal S | S| S |1+ [3C] S |S] S s S |J2#C| S
RL6OGI-Lr® | ; | ; | ; I I N T - I B O L
RL60OL-LriD | 32 1 S | § S S /] Ss|s|s]s ] S S
RL6001-Lrll | 23 {2+ |12Cj12=|2C | 23 S S S {xCl12C
RLG60O1-Lr14b S S| S |243] § S |S] S S S S S
RL60OI-Irl5 | § | S(;1C|;iIC]1IC|{ S |S] S S §;IC 3 | HC
RL6001-Lri6 | 2 1243] 24+ |:1C| 2 2 lsiCinC|12C| S | 12C
RL6001-Ir17 | S [S 1243 (2= 8§ S|S|S]|S S S S
RL6001-Lrf8 1 12 | 1 | ;1 JClIC jI2C|2C|:IC;IC{:IC{;IC | S
RL600L-Lr21 | 241 1 112-C| ; [:ICI1:;IC§:ICI12C1;12C[:12C | ;1C | 12C
RL600Y-Lr24 | ; |12];:1C H A EA 31 3 : H
RL6001-Lr26] S {8 | ; H S| sis|s}|s s S s
RL6001-Lr30 | S | S |H4C[12=]|;1C{;IC| S [12C{;IC{;IC | 12 S
RLG6001-Lr361 S | 2 112C1: )+ J1IC | AC|IC{12-C} 2C } ;1C | ;1C | 1C
RL600I-Ir42 | 1 | 11 ;1 ;s €1 s|:C| ; §:1C{;1C | ;IC

Jinia, 4= large uredinis, +indi fightty § Finia. =i tight! "
uredinie, C, more chlorosis than normal for the infection type N, more necrosis than normal
for the infection type, s =susceptible.
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Results

Infection types of the 14 commercial wheat cultivars to the 12 leaf rust isolates
are shown in Table (6), with the postulated lcaf rust resistance genes for each
cultiver. Sids] illustrates the process by which the presence of Lr genes was
postulated. Sids] is susceptible to isolates MCNLQ, TKPFMR, MCSLQ, TCSMQ,
and MCSLI, (Table 6), which indicates that, Sids] does not have Lr2a, 2b, 2¢, 9, 11,
14b, 15, 16, 18, 21, 24, 30, 36 and 42, all of which condition a LITs to one or more
of these isolates. The LITs of Sids1 to isolates SCPCS, MHLPQ, DBLLL, MBBLB,
TCDML, THDML, and FCPQL are consistent with the LITs conferred by Lr3, 3kq,
10, 17 and 26 against avirulent isolates of leaf rust. Also, isolates TCDML and
FCPQL are avirulent to Sids1, but virulent to Lr3, 10, 17 and 26. This indicates that,
Sids1 has at least one other identified leaf rust resistance gene.,

By a similar process, the leaf rust resistance genotypes of the other wheat
cultivars were postulated. The data indicated the probable presence of Lrf, 2a, 25,
2¢, 3, 10, 17 and 26 in Gemmeizal (Table 6). Gemmeiza7 probably has Lr3, 3ka,
10, 11, 16, I7 and 26. Sids2 and Sids3 were postulated to have 4 and 5 Lr genes,
respectively. Three Gemmeiza cvs. (Gemmeiza3, Gemmeiza$ and Gemmeiza9) and
six Sids cvs. (Sids4, SidsS, Sids6, Sids7, Sids8 and Sids9) have none of the 20 Lr
genes tested, but each of these cultivars appears to have an unidentified gene(s) for
leaf rust resistance (Table 6).

Table 6. Seedling infection types* of the 14 wheat cultivars inoculated with 12
virulent phenotypes of the leaf rust fangns Puccinia triticina

Qla| @ o oo = |
mpmmbms)gggégggéﬁggg
glg|B|2( 8|9 |&|E|S|E|E

1| Lr3ka,11171920.242630 | ; | . [ . 1 s 1 24C i 11511 ]:13:0C) S| 12C
g| 22226 7T T T 1. 5 | . . ]
26'30 . » L) L) » » ’ » EH] ¥ »

3| Lri?,3ka 17,26 N i s syl f ) BICT S
4| 1r20,25 3ka,11,76,17.26 d (]l ch+wcl ST sTsTs 12¢f;1cN
5| Zr3ka,l7 121 5 1 | 1€ h+Cl 121121 ;1 J2c;1c] 12¢
6| Ir3kal? ; J2]s1 GichhizeNlsTsTsi{sts [icl 23C
7| Lri 3ka 17 dAfrfa+g1i2c|s]s|sis|sl;iclac
8| Lr7222b,16 s [;ict : sictw2cisi{s[s]s]s|;ic[:c
9 Lr1,2a,25,11,16,17 acl; Tacliec] 12 hiac{ s | 2 [ 2 sichzc| 1
10 Lr1,22,2b,16 AT Taiie] 2 hacjz 212 {aclac] 1c
[ £r1.2a,2b,3ka,11,16,0726 {12C] 1 |51 [12c] 51 [12c] 2 1 2 {12 ;1€ 023¢] ;iC
12| Irl2a,3ka,11,1617.2630 |21 ] ; | . [+ ][ 21€ lizcl 1 [ vac{aclisc]ic
13) Lri,20,3ka 1116172630 | ; [ ; | : [ac] & Tafrf2c]; Jact

* Infection types: as described in footnote of Table (5)-
1=Gemmeiza 1, 2=Gemmeiza 3,3= Gemmeiza 5, 4=Gemmneiza 7, 5=Gemmeiza 9, 6= Sids
1, 7= Sids 2, 8= Sids 3,9= Sids 4, 10=Sids 5, 11=8ids 6,12= Sids 7, 13=Sids 8, 14=Sids 9.
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Discussion

The most frequent Lr genes postuiated to be present in the commercial wheat
cultivars were Lr3 (36%), Lr10 (36%), Lr17 (45%), and Lr26 (45%), followed by
Lr] and Lr3ka (26%, each). This pool of resistance genes is not effective against
most of the isolates used in Egypt (Imbaby ef al., 2006) and would not be effective
in many areas of the world (Huerta-Espino, 1992). Gemmeizal, Gemmeiza7, Sids1,
Sids2, and Sids3, were resistant to most of the tested isolates, but their postulated Lr
genes do not account for their resistance. Moreover, eight of the 14 cultivars appear
to have none of the known Lr genes. Therefore, these cultivars appear to have
unidentified gene(s) for leaf rust resistance. This is indicated by the presence of
isolates in high: low infection types in monogenic lines to the cultivars comparisons.
For example, the unidentified resistance gene(s) present in combination with Lr3,
10, 17, and 26 in Sids2 accounts for resistamce to the isolates used because all of
these postulated genes do not confer resistance to most, if no all, the 12 isolates
used. Nine Lr genes, representing 45% of the 20 resistance genes used, could not be
postulsted in the cultivars used. Six of them (Lr9, 18 2i, 24, 36 and 42), were
effective against all or most of the P. friticing isolates used, one (Lri<b) was
susceptible and two (Lrl4, 30) have intermediate reaction. The unidentified genes
may be masked by the presence of another gene or genes that conditioned the same
or lower ITs (McVey, 1993). Furthermore, Leonard and Czochar (1980) have
pointed out that, a gene for resistance can be recognized only when compared with
corresponding allele for susceptibility (Person, 1959). More diverse isolates of
P. Triticina were needed to allow postulation of these genes. Generally, the
maximum number of Lr genes that could be identified in a host cultivar is limited by
the number of the isolates and available tester lines carrying known genes.
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