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Application of Chromosomal Segment Introgression Line
( CSIL) in Crop Genetics and Breeding
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Abstract: Chromosomal segment introgression or substitution lines ( CSILs or CSSLs) are defined as a set of
lines which contains only one or few chromosomal segment from the donor and genetic background of each line is
similar to receptor. Compared with the traditional mapping populations the CSILs might have an advantage for i-
dentifying of quantitative trait locus ( QTL) due to eliminating of residual background which can lead to decrease
power of QTL detecting. Therefore population of CSILs is one of the ideal materials for QTL identifying and fine
mapping assay of QTL interaction and QTL x environment interaction as well as for heterosis utilization and QTL
pyramiding. In this paper the advanced progresses on the construction and application of CSIL population in crop
plants were reviewed.
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Table 1 The chromosomal segment introgression lines developed in crop plants

(%)
Species Receptor Donor Pop. size Coverage References
Tomato 120 100 5
L. esculentum L. hirsutumLA1777 99 85 10
cv. £6206
Rice 9311 150 2500 100 13
97B 150 3700 100 13
133 93. 60 14
9311 94 72.50 15
65 29 23.47 16
74 6 217 84. 30 17
Koshihikari NonaBokra 44 100 18
9311 125 100 19
Maize B73 Tx303 89 100 20
3 522 78 79.20 21
Wheat 953 Am3 97 31. 64 22
Cotton T™A 7124 51 80. 90 23
2
46
2.1 QTL . .
( .
)o 2
QTL . QTL CSILs
24 .
Eshed Zamir ° 50
23
. QTL QTLs 18 QTLs 11 ~
QTL 22 QTLs.
QTL QTLs QTL
QTL CSIL 1 o Luan 7 2
CSILs
CSIL QTL QTL
o« QTL QTL. .
CSIL B 16
CSIL 15



101

QTL X

QTL QTL
s CSIL
7 QTLs
0.10 ~3.20 qPE-9
qPE-1 .
2.2 QTL
QTL
95%
10 ~30eM *%
QTL
o QTL 3
30 4
;1—33 .
QTL
. QTL
. QTL
- QTL
CSIL
QTL o
CSIL QTL
S () QTLAL QTL
. QTL
QTL QTL
Yamamoto HdlI - Hd2  Hd3 3
QTLAL QTL 3
QTLs o
Lin *% QTLAL  Hd9.Hd4  Hd5
Frary
QTL
30%;
QTL

QTL fi2.2.

(2)

QTL

- Paterson

QTL

20cM
QTLAL
QTL

3cM

QTL

.6
Zamir

QTLs.

QTL-NIL

Ehdl * ;
Gnla * .
Quur40 * .
GS3 * |

QTL IPAI * .
2.3

Bateson

24 33 4950

o

hed

Hdl. Hd2

QTL-NIL

49

.o
Zamir

QTL

o Eshed

QTL 3
Salvi 36

vgtl

QTL
QTL

QTL
QTL-hdl V"« hd6 *® . Hd3 ™
QTL-SKCI * QTL-
QTL-4Gy24 ¥ . QTL-
QTL-Gw2 * QTL-
QTL Ghd7 ¥

QTL QTL

. QTL

2 . Es-
10
QTL
Hd3 3
2 3 QTL
Hd3
Hd2

. 3
- Lin

QTL

Hdl

QTL

13

QTL
Asominori x IR24

53

~

4 QTL

QTLs
QTL 6 6  QTLs

Asominori



102

12

8 (P <0.01)
QTL
6  QTLs
o 3 Asominori
IR24 CSIL 8
(AC) (PC)
QTL 8
AC PC QTLs 2 QTLs 8
2 QTLs
3
3.1
% Asominori
N IR24 63
02428 IR24
02428
14
CSIL x 02428 F,
Asominori x 02428 35%
o 10
. 6
10
GCA
Asominori 12, 4. 1 11
AIS84 . AIS27 . AIS3 AIS80
GCA *
SCA GCA

3.2

56

14
74 N
74
2005
W23-07-0640-06(
1440-04( 4188)
1
MAS
2.
74
GS3
GS3
Wx
QTL Gwi- 6
5 far-8
74 o
3.3
Peleman 58

ing by design)

74
12
QTL
4
) o
1
o 2
Lemont)  W03-
3
56 57
. F, 26
GS3
16
QTL Gt
8
“ ” ( Breed—



103

(QTL)

~

QTL
CSIL

59
CSIL
/QTL
/QTL
CSIL
/QTL
QTL
7, CSIL
CSIL
QTL .
SNP
CSIL
CSIL

CSIL

QTL.

QTL

14

15

CSIL

Lander E S Botstein D. Mapping mendelian factors underlying
quantitative traits using RFLP linkage maps J Genetics
1989 121:185-199

Zeng Z B. Precision mapping of quantitative trait loci J . Ge—
netics 1994 136: 1457-1468

Zeng Z B. Theoretical basis of separation of multiple linked gene
effects on mapping quantitative trait loci J . Proc Natl Acad Sci
USA 1993 90:10972-10976

Paterson A H DeVernaJ W Lanini BT et al. Fine mapping of
quantitative trait loci using selected overlapping recombinant
chromosomes in an interspecies cross of tomato J . Genetics
1990 124: 735-742

Eshed Y Zamir D. A genomic library of Lycopersicon pennellii in
L. esculentum: a tool for fine mapping of genes J . Euphytica
1994 79: 175-179

Eshed Y Zamir D. An introgression line population of Lycopersi—
con pennellii in the cultivated tomato enables the identification
and fine mapping of yield associated QTL J . Genetics 1995
141:1147-1162

Alpert K B Tanksley S D. High-resolution mapping and isola—
tion of a yeast artificial chromosome contig containing fw2.2: A
major fruit weight quantitative trait locus in tomato J . Proc Natl
Acad Sci USA 1996 93: 15503-15507

Frary A Nesbitt T C Grandillo S et al. fw2.2: a quantitative
trait locus key to the evolution of tomato fruit size J . Sci 2000
289:85-88

Bouchez A Hospital F Causse M et al. Marker—Assisted Intro—
gression of Favorable Alleles at Quantitative Trait Loci Between
Maize Elite Lines J . Genetics 2002 162:1945-1959
Monforte A ] Tanksley S D. Development of a set of near isogen—
ic and backcross recombinant inbred lines containing most of the
Lycopersicon hirsutum genome in a L. esculentum genetic back—
ground: A tool for gene mapping and gene discovery J . Ge—
nome 2000 43: 803-813

LIZK FuBY GaoY M etal Genome-wide introgression
lines and a forward genetics strategy for genetic and molecular
dissection of complex phenotypes in rice ( Oryza sativa L.) ] .
Plant Mol Biol 2005 59(1): 33-52

. ]
2009 10(1) :51-54
97B 9311
. 2005 3(5):
629-636
]
2006 32 (3): 354362
CSSL QTL
. 2010 45 (2): 189-197
QTL i 2004 31 (12) : 1395-1400

XiZY HeFH ZengRZ etal. Development of a wide Popu—
lation of chromosome single segment cubstitution lines in the ge—
netic background of an elite cultivar of rice ( Oryza sativa L.)
J . Genome 2006 49:476-484

Takai T Nonoue Y Yamamoto S et al. Development of chro—
mosome segment substitution lines derived from backcross be—
tween indica donor rice cultivar ‘NonaBokra’ and japonica recip—
ient cultivar ‘Koshihikari’ J . Breed Sci 2007 57:257-261



104 12
J . 2007 33(6): 39  Kojima S Takahashi Y Kobayashi Y et al. Hd3a a rice or—
979-986 tholog of Arabidopsis FT gene promotes transition to flowering
20  Szalma SJ Hostert BM Ledeaux J R et al. QTL mapping with downstream of Hdl under short—day conditions J . Plant Cell
near—isogenic lines in maize J . Theor Appl Genet 2007 114: Physiol 2002 43 (10) : 1096-1105
1211-1228 40  Doi K Izawa T FuseT etal. Ehdl a B—type response regula—
21 . tor in rice confers short—day promotion of flowering and controls
J . 2007 33(4) :663-668 FT-like gene expression independently of Hdl ] . Gene Dev
22 LiuSB Zhou RH Dong Y C etal. DeveloPment utilization of 2004 18:926-936
introgression lines using synthetic wheat as donor J . Theor Ap— 41 RenZ GaoJ LiL etal. A rice quantitative trait locus for salt
pl Genet 2006 112(7):1360-2373 tolerance encodes a sodium transporter J . Nat Genet 2005 37
23 T™-1 (10): 1141-1146
J . 2008 53 42 Ashikari M Sakakibara H Lin S et al. Cytokinin oxidase regu—
(9) : 1065-1069 lates rice grain production J . Sci 2005 309: 741-745
24 Eshed Y Zamir D. Less than additive epistatic interactions of 43 HeGM Luo X J Tian F et al. Haplotype variation in struc—
QTL in tomato J . Genetics 1996 143:1807-1817 ture and expression of a gene cluster associated with a quantitative
25 Luan M Guo X Zhang Y et al. QTL mapping for agronomic trait locus for improved yield in rice J . Genome Res 2006 16
and fiber traits using two interspecific chromosome substitution (5): 618-626
lines of Upland cotton J . Plant Breed 2009 10:1-9 44  Ueda T Sato T Hidema J et al. gUVR-I0 a major quantita—
26 . ( SSSLs) tive trait locus for ultraviolet—B resistance in rice encodes cyclo—
QTL J . butane pyrimidine dimer photolyase J . Genetics 2005 171
2009 35(1): 48-56 (4): 1941-1950
27 . CSSL QTL 45  Song X J] Huang W Shi M et al. A QTL for rice grain width
J . 2009 31(7):741-747 and weight encodes a reviously unknown RING—type E3 ubiquitin
28 QTL J . 2006 ligase J . Nat Genet 2007 39(5):623-630
51(19) 1 22232231 46 Fan C C Xing Y Z Mao H L etal GS3 a major QTL for
29 Kearsey M ] Farquhar A G. QTL analysis in plants: where are grain length and weight and minor QTL for grain width and thick—
we now? J Heredity 1998 80: 137-142 ness in rice encodes a putative trans—membrane protein J .
30 Lin YR Schertz K F' Patersom A H. Comparative analysis of Theor Appl Genet 2006 112(6): 1164-1171
QTLs affecting plant height and maturity across the Poaceae in 47  Xue W XingY Weng X et al. Natural variation in Ghd7 is an
reference to an interspecific sorghum population J . Genetics important regulator of heading date and yield potential in rice
1995 141:391411 J . Nat Genet 2008 40:761-767
31 ZhangYS Luo L] Xu C G et al. Quantitative trait loci for 48  JiaoY Wang Y Xue D et al. Regulation of OsSPLI4 by Os—
panicle size heading date and plant height co—segregating in miR156 defines ideal plant architecture in rice J . Nat Genet
trait—performance derived near—isogenic lines of rice ( Oryza sati— 2010 42:541-544
va L.) J . Theor Appl Genet 2006 113: 361-368 49  Bateson W. Mendel’s Principles of Heredity M . Cambridge:
32 Yamamoto T Kubok I'Y LinSY etal. Fine mapping of quan— University Press 1909
titative trait loci Hd—I Hd-2 and Hd-3 controlling heading date of 50 LiZK LuoL]J MeiHW etal. Over dominant epistatic loci
rice as single mendelian factors J . Theor Appl Genet 1998 are the primary genetic basis of in breeding depression and heter—
97:37-44 osis in rice. 1. Biomass and grain yield J . Genetics 2001
33 Lin HX Yamamoto T Sasaki T et al. Characterization and de— 158 : 1737-1753
tection of epistatic interactions of 3 QTL Hdl Hd2 and Hd3 51' YuSB LiJX XuCG etal Identification of quantitative
controlling heading date in rice using nearly isogonic lines J . trait loci and epistatic interactions for plant height and heading
Theor Appl Genet 2000 101:1021-1028 date in rice J . Theor Appl Genet 2002 104: 619-625
34 Lin HX Ashikar I M Yamamoto T et al. Identification and 52 Tanksley S D. Mapping polygenes J . Annu Rev Gene 1993
characterization of a quantitative trait locus Hd9 was controlling 27:205-233
heading date in rice J . Breed Sei 2002 52:35-41 53 CSSLs
35 Lin HX LiangZ W Sasak IT et al. Fine mapping and char— QTL J . 2004 31(11):1275-1283
acterization of quantitative trait loci Hd4 and HdS5 controlling 54 CSSL AC
heading date in rice J . Breed Sci 2003 53:51-59 PC QTL J. 2006 32(1):14-19
36  Salvi S Sponza G Morgante M et al. Conserved noncoding ge— 55 CSSL
nomic sequence associated with a flowering—time quantitative trait J . 2005 50(1):
locus in maize J . Proc Natl Acad Sci USA 2007 104(27): 3537
11376-11381 56 C /1
37  Yano M Katayose Y Ashikari M et al. Hd-I a major Photo— 2009: 109
period sensitivity quantitative trait locus rice is closely related to 57 . GS3
the Arabidopsis flowering time gene constans J . Plant Cell J. 2010 8( 1) :59-66
2000 12: 4732483 58  Peleman J D VanderVoort J R. Breeding by design J . Trend
38  Takahashi Y Shomura A Sasaki T etal. Hd6 a rice quantita— Plant Sei 2003 8:330-334
tive trait locus involved in photoperiod sensitivity encodes the a 59 . J. 2006 32(3):
subunit of protein kinase CK2 J . Proc Natl Acad Sci USA 455462

2001 98 (14) : 79227927



