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Abstract: Stripe rust and powdery mildew caused respectively by Puccinia striiformis f. sp. tritici ( Pst) and
Blumeria graminis {. sp. tritici ( Bgt) are globally important diseases of wheat. Genes transferred to wheat from wild
species are often associated with deleterious traits. In this study a wheat-Thinopyrum intermedium germplasm line
CH7124 was characterized by a combination of resistance evaluation cytological observation and genomic in situ hy-
bridization ( GISH) . Disease screening demonstrated this line was highly resistant to both Pst races CYR29 CYR31
CYR32 and CYR33 and Bgt isolates E09 E20 E21 and E26 which are the most widely virulent pathotypes in China
and virulent to most of the known resistance genes and the resistance derived from Th. intermedium. Genetic analysis
of the F| F, F; and BC, populations from resistant line CH7124 revealed that the resistance to powdery mildew and
stripe rust was controlled by a single dominant allele. Mitotic observation showed that CH7124 had 42 chromosomes
and the chromosomes in most pollen mother cells of its F|s involved wheat genotypes Chinese Spring and Mianyang 11
at PMC MI formed 21 bivalents averaging respectively 20.73 in 102 cells and 20. 74 in 87 cells suggesting stability
of CH7124 in cytology and regular pairing with common wheat. As no signal could be detected when using genomic

Th. intermedium DNA as a probe in the GISH experiment the introgressed alien chromatin in this line was very small
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and cytologically undetectable further indicating that CH7124 is a cryptic wheat-alien introgression line. This study

showed that CH7124 appears to serve as a novel resistance source for wheat breeding.
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Table 1 Reactions of CH7124 and partial amphiploid TAI8335 and their parents to powdery mildew and stripe rust
Powdery mildw Stripe rust
Genotype o Genomic formula E09 E20 E21 E26 CYR29 CYR31 CYR32 CYR33
CH7124 42 ABD 0 0 0; 0 0; 0 0 0 0 0; 0 0;
42 SIJ® 0 0 0 0 0 0 0 0
332 b 42 ABD 4 4 4 4 4 4 4 4
26" 42 ABD 34 4 4 3% 4 4 4 4 4
TAI 8335 56 W+ +]+S 0 0 0 0; 0 0 0 0 0; 0 0;
5 ° 42 ABD 4 4 4 3+ 4 4 4 4 4
11 42 ABD 4 4 4 4 4 4 4 4
SY95 -71 42 ABD 4 4 4 4 4 4 4 4
3 42 ABD 4 4 4 4 —d — — —
169 42 ABD 4 4 4 4 4 4 4 4
a. CH7124 i b. ;C. yd.

a. wheat parents of CH7103 b. wheat parents of Th. intermedium partial amphiploid TAI8335 c. wheat genome d. not tested with the corresponding pathotype
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Table 2 Adult resistance segregation for reaction to powdery mildew pathotype E20 in the F, BC, populations

E20 R
' X p
Infection type to race E20 Expected ratio
Parent or cross X2 test P - value
0 0; 1~2 3~4 5~6 7~9 R:S
CH7124 (P)) 10 4
11 (P,) 12
3 (Py) 11
P, /P, F, 8 5 _ o o
F, 45 22 27 12 7 21 3:1 1.204 0.273
P, /P, F, 10 3 — — —
F, 43 26 19 6 13 24 3:1 0.735 0.391
Py /P, //P; BC, 26 5 15 4 8 31 1:1 1. 360 0.244
3 X CYR32

Table 3 Adult resistance segregation for reaction to stripe rust race CYR32 in the F, BC, populations

CYR32

, . X’ P
Infection type to race CYR32 Expected ratio
Parent or cross Xz test P - value
0; 1 2 3 4 R:S
CH7124 ( P)) 9 4
SY9571 ( P,) 13
11 (Py) 12
P, /P, F, 12 2 — — —
K, 46 24 18 9 6 29 3:1 0. 162 0. 688
Py /P, F, 10 3 — — _
F, 51 31 13 5 4 25 3:1 0.437 0. 509
Py /P, //P;  BC, 29 10 8 2 10 32 1:1 0.538 0.463
2.2 70 29
2009 - 2010 . (x = 0.806.P = 0.668)
E20 CH7124 2 1:2:1 o
1 3 F o Fy Flsn CH7124
BC, . ( 2 20 1 .
F, 0~0; . 2.3
CH7124/ 11 F, 134 106 2009 -2010
( 0~0;, 67 .1~2 27 .3-~4 32 (CYR32) CH7124 2
12 ) .28 (5~6 7 7~9 21 ) ( )SY95T1. 11
X = 1.204.P = 0.273 . F,F,-F,;-BC, o ( 3)
3:1. 3 /CH7124 F, 131 F, 0~0; o
94 (0~0; 69 .1~2 19 .3~ CH7124/SY95-71 F, 132 97
4 6 ). 37 (5~6 13 7~9 24 (0~0: 70 1~2 27 ) 35 (3
) x’=0.735.P = 0.391 6 4 29 )  x'=0.162.P =0.688 .
3:1, &9 BC, ( 3 /CH7124 // 3 3: 1, 11/CH7124 F,
) 50 (0~0; 31 1~2 15 . 129 100 (0~0; 8 .1~2
3~4 4 ) .39 (5~6 8 7~9 31 18 ). 29 (3 4 4 25 )
) X = 1.360.P = 0.244 1:1 o X = 0.437.P = 0.509 3: 1,
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134 F,, 35 100 4 32 ) ¥ =0.538.P =0.463



2n=190+11+1I 4 2n=19I1+4] 1

4 CH7124 581
1:1 . CH7124
CH7124/8Y9591 132 F,, DNA
CYR32 o DNA ( GISH) .
35 68 CH7124 42
29 . X = 0.667.P = Pl
0.717 1:2:1 . DNA ( 1. CH7124
CH7124 CYR32
1 . - .
2.4 N
CH7124 ===
2n=42  GISH DNA == 00— =
. CH7124 . 0 e |
11 F, PMCM I
. (  4) CH7124 94
2n =211 79 2n=2001+2I 10

2n =0.300 +20.7911 + 0. 041l

2n =211 84%; . 11
2n =0.221+20. 8511 +0. 021 2~ =
0.291 +20. 8111 +0. 031 - CH7124 .
11 F, 2n=42  PMC
MI 0. 371 +20. 7311 +0. 06 Il
0. 391 +20. 741 +0. 05 1Il . 102
87 2n =211
80.4% 81.6%.
I
. CH7124
. 11
. CH7124 F, .
4,
4 CH7124. N 11 F,
PMCM -1

Table 4 Chromosome number and meiotic configuration of
CH7124 CS Mianyang 11 and their F, hybrids

2111
/ ) No. of PMC Pairing configuration
n
Lines/Cross cell (%)

tested 2n =21 I Univalent Bivalent Trivalent

CH7124 42 94 84.043 0.298 20.787 0.043
(CS) 42 82 89.024 0.220 20.854 0.024

11( MY 11) 42 87 86.207 0.287 20.805 0.034

F,( CS/CH7124) 42 102 80.392 0.373 20.725 0.059
F/(CH7TI4/MY 11) 42 87 81.609 0.391 20.736 0.046

p—

DNA
CH7124 (2n =42) GISH
Fig. 1 GISH pattern of wheat-alien introgression line CH7124
(2n =42) wusing Th. intermedium DNA as a probe

3

3.1 CH7124

. (1)
CH7124 TAI8335
TAI8335
CHT7124
3. 26, S

CH7124

TAI8335

o

o CH7124
BC, F,\F, N
1:1.3:1 1:2:1

—
~

CH7124

—_
o

CH7124

3.2 CH7124



582 13
. o CH7124
CH7124 N
1 _
° I 1994 20
CH7124 F, (4): 385394
2 .
(4 GISH ] 2005 6(4) : 400404
(1. ; o
I 2008 9( 1) : 5154
CH7124 A . a3
( Cryptic alien SSR . 2009 10 (1) :46-50
. . 5 Li HJ Wang X M. Thinopyrum ponticum and Th. intermedium:
introgression) o o . S
the promising source of resistance to fungal and viral diseases of
wheat ] .J Genet Genomic 2009 36: 557-565
25 6 Bao Y Li X Liu S et al. Molecular cytogenetic characterization of
a new wheat—Thinopyrum intermedium partial amphiploid resistant
CH7124 to powdery mildew and stripe rust J . Cytogenet Genome Res
2009 126: 390-395
° 7 Chang Z ] Zhang X J Yang Z ] et al. Characterization of a par—
3.3 CH7124 tial wheat-Thinopyrum intermedium amphiploid and its reaction to
fungal diseases of wheat ] . Hereditas 2010 147: 304312
8 Liu S B Wang H G. Characterization of a wheat-Thinopyron inter—
medium substitution line with resistance to powdery mildew J .
Euphytica 2005 143:229-233
X 9 Hu L] Li G R Zeng Z X et al. Molecular cytogenetic identifica—
° tion of a new wheat-Thinopyrum substitution line with stripe rust
R CYR32. resistance ] . Euphytica 2011 177: 169477
10 . - I
CYR33( Su-14) E20.E21 ¢ 1997 27(3): 258-263
~ Y5\ Yri0. 1 :
18 I 2006 28( 11) : 13964400
Yri5. Yr24/Yr26 Pmi2. Pmi3\ Pmi16. Pm21\ 12 Chen Q Conner R L Laroche A et al. Molecular cytogenetic evi—
Pm24 Pm43 - MI3D232 14 1920 dence for a high level of chromosome pairing among different ge—
nomes in Triticum aestivum-Thinopyrum intermedium hybrids
° N N J . Theor Appl Genet 2001 102: 847-852
°7 , CH7124 13 :
] 2004 32(3): 349
TAI8335 N 14  He R Chang Z Yang Z et al. Inheritance and mapping of pow—
E09.E20.E21.E26 dery mildew resistance gene Pm43 introgressed from Thinopyrum
CYR29 .CYR31.CYR32. CYR33( 1 ) ) ir;l;:)medium into wheat J . Theor Appl Genet 2009 118:1173—
CH7124 15 TLuoP G Luo HY ChangZ J et al. Characterization and chromo—
somal location of Pm40 in common wheat: a new gene for resist—
ance to powdery mildew derived from Elytrigia intermedium J .
o Theor Appl Genet 2009 118: 10594064
16 . CH223
I 2010 37(5):
° 419424
17 . CH7103
A J. 2011 31(2) : 364369
o 18 Wan AM ZhaoZ H Chen X M et al. Wheat stripe rust epidemic
and virulence of Puccinia striiformis f. sp. tritici in China in 2002
J . Plant Dis 2004 88: 896-904
19 WangZL LiLH HeZ H et al. Seedling and adult plant resist—
26 ance to powdery mildew in Chinese bread wheat cultivars and
° lines J .Plant Dis 2005 89: 457-463
CH7124 20 Zhang H Guan H Li J et al. Genetic and comparative genomics

mapping reveals that a powdery mildew resistance gene MI3D232 o-
riginating from wild emmer co-segregates with an NBS-LRR analog in
common wheat J .Theor Appl Genet 2010 121: 16134621

( 588 )



588

13

Malaysian peninsula ( Penang Kepong) .

~

( Manokwasi district Vogelkop peninsula)

1989 10(2): 3439

Tewari D N. Monograph on neem( Azadirachia Indica A. Juss.)

M . Dehradun India: International Book Distributors 1992: 1-21
National Research Council. Neem — A Tree for Solving Global Prob—
lems M . Washington DC: National Academy Press 1992: 141
Schmutterer H. The Tree and Its Characteristics C // Schmut-
terer H. The Neem Trees Azadirachta indica A. Juss. and Other
Meliaceous Plants. Weinheim ( Federal Republic of Germany) :
VCH Verlagsgesellschaft 1995:1-34
Opender K Seema W. Neem: Today and in the New Millennium

M . Dordrecht Netherlands: Kluwer Academic Publishers 2004
Hooker J D. The Flora of British Indial M . Dhera Dun. Indi—
a: Bishen Sing Mahendra Pal Singh 1973
Puri H S. Classification of drugs in ancient India J . Everyday
Sci 1969 24: 4143
Dhilon R S Ahlawat K Pundir J S. Botany of Neem C // Singh
K K Phogat S Tomar A et al. Neem: A Treatise. New Delhi In-
dia: I. K. International Publishing House Pvt. Ltd. 2008: 30-43
Tomar A Singh K K. Neem: An Introduction C // Singh K K
Phogat S Tomar A et al. Neem: A Treatise. New Delhi India:
I. K. International Publishing House Pvt. Ltd. 2008: 345

10

12

13

14

15

18

19
20

21

23

24

25

26

27

Schmutterer H. The Neem Trees Azadirachta indica A. Juss. and
Other Meliaceous Plants C . Weinheim ( Federal Republic of
Germany) : VCH Verlagsgesellschaft 1995: 585597

Chowdhary A Singh V. Geographical Distribution Ethnobotany

and Indigenous Uses of Neem C // Singh K K Phogat S
Tomar A et al. Neem: A Treatise. New Delhi India: I. K. In-
ternational Publishing House Pvt. Ltd. 2008: 1629

Schmutterer H Ermel K. The Sentang or Marrango Tree: Aza—
dirachta excelsa ( JACK) C // Schmutterer H. The Neem
Trees Azadirachta indica A. Juss. and Other Meliaceous Plants.
Weinheim ( Federal Republic of Germany) : VCH Verlagsgesell-
schaft 1995:598-604.

Schmutterer H Doll M. The Marrango or Philippine neem tree Aza—
dirachta excelsa ( = A. integrifoliola) : A new source of insecticides

with growth-regulating properties ] . Phytoparasitica 1993 21: 79-86

. ( ) M.
2005: 377

( Meliaceae) ]
1995 3(3): 1222

Jacobs M. The genetic identity of Melia excelsa Jack J . The
Gardens Bulletin 1961 18(1): 7195.
Jack W. Description of Malaysian plants I-III M .
Boncoolen Reproduct 1820: 18204822
Germplasm Resources Information Network | GRIN) . Taxon:
Azadirachta indica A. Juss. var. siamensis Valeton DB/OL .
(2010-0220)  2011-0142  http: //www. ars—grin. gov/cgi—
bin/npgs/html/taxon. pl? 457196

. M. : 2003 39-40.
Thomsen A Graudal L. Hansen P. Description of Neem Seed
Sources in the International Neem Network EB/OL . (1998-
0846) 2011-01-21  hitp: //www. fao. org/DOCREP/005/
AC618E/AC618EOL. htm
Freter P Moser G. Status Report on Global Neem Usage R .
Eschborn Germany Deutsche Gesellschaftfr Technische Zusam-—

menarbeit ( GTZ) GmbH. 2000.

Leiden:

.
1992 20(4) : 90-94
) J. 2001
40(9) : 46-47
. 2002 27(3): 98401
. 2003 16(1): 75-80

Lauridsen E B Kanchanaburagura C  Boonsermsuk S. Neem
( Azadirachta indica A. Juss) in Thailand EB/OL . (2009-
0846) 2011-0121  hitp: //www. fao. org/DOCREP/006/
US380E/U5380E08. htm

Oo HT. Neem Tree Research R .
tection and Rodent Control Project
Press. 1987: 105

Orwa. Agroforestry Database 4. 0. 2009. Azadirachta excelsa
(Jack) Jacobs DB/OL . (2009-06-23) 2011-0244

http: //www. worldagroforestry. org/treedb2 / AFTPDFS/Aza—

Burmese-German Plant Pro—
Bangkok Thailand: Tana

dirachta_excelsa. pdf

OO OO OO OO OO

(

21
22

23

582 )
2002: 294-296
1991: 1345
1988 15(1): 3339

Qi L Friebe B Zhang P et al. Homoeologous recombination

chromosome engineering and crop improvement J . Chromosome

25

26

Res 2007 15:349

Kuraparthy V' Chhuneja P Dhaliwal H S et al. Characterization
and mapping of cryptic alien introgressions from Aegilops genicu—
lata with new leaf rust and stripe rust resistance genes Lr57 and
Y40 in wheat J .Theor Appl Genet 2007 114: 13794389
Cao A Z Xing L P Wang X Y et al. Serine/threonine kinase
gene Stpk-V a key member of powdery mildew resistance gene
Pn21  confers powdery mildew resistance in wheat J . Proc

Natl Acad Sei USA 2011 108( 19) : 77279732



