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Mapping Unequal Crossing over Hotspot Region of Simple Sequence Repeat in
Maize
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Abstract: The polymorphism of simple sequence repeat (SSR) in biological genome is one result of unequal crossing over for
homologous chromosomes; therefore it has theoretical importance in clarifying the hotspot regions of unequal crossing over. A set
of recombinant inbred lines (RILs) population that derived form an elite hybrid Yuyu 22 was used in this study, its genetic com-
ponents of the population was analyzed by means of SSR analysis, and 40 unequal crossing over SSR markers were found. The
frequency of the unequal crossing over in the RIL population was 0.34-14.63%, with 10~>~10" frequency per generation, and the
(AG)n repeat SSR markers accounted for 58.3%. There were 31 unequal crossing over markers locating on 11 chromosomal hot-
spot regions, distributing on 10 chromosomes except for chromosome 9, including two unequal crossing over hotspot regions each
in chromosomes 3 and 5.
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Table 1 Unequal crossing over SSR markers detected in RIL population and its frequency

SSR Rate in SSR Rate in
Chrom. locus SSR marker Motif population ~ UCO frequency | Chrom. locus SSR marker Motif Population UCO frequency
(%) (%)
1.03 bnlg2180 (AG)n 0.34 0.068 5.06 umcl019  (CT)n 0.34 0.068
1.03 bnlg182 — 0.35 0.070 5.07 bnlg1306 (AG)n 0.68 0.136
1.03 bnlgl866  (AG)n 0.70 0.140 5.07 bnlg2305  (AG)n 0.34 0.068
1.04 bnlg1811 (AG)n 1.42 0.284 5.07 umc1072 (GGA)n 0.36 0.072
2.05 ncl31 (AC)n 0.34 0.068 6.04 umcl014 (GA)n 0.34 0.068
2.05 umcl635 (GAAGG)n 0.34 0.068 6.04 phi452693 (AGCC)n 0.34 0.068
3.04 bnlgl452  (AG)n 1.02 0.204 6.05 bnlgl617  (AG)n 0.34 0.068
3.04 umcl223  (AG)n 0.34 0.068 7.03 bnlg1035  (AG)n 0.34 0.068
3.04 phi036 (AG)n 1.02 0.204 7.03 bnlg1805 (AG)n 14.36 2.872
3.04 umcl773  (GAC)n 0.34 0.068 7.04 bnlg1666 (AG)n 4.76 0.952
3.09 phiod7  (ATC)n 0.34 0.068 8.03 bnlgl863  (AG)n 0.34 0.068
3.09 bnlg1257  (AG)n 0.70 0.140 8.05 umc1562 (TC)n 0.34 0.068
4.01 phi0o72 (AAAC)n 0.34 0.068 8.05 bnlg666 — 0.34 0.068
401 phi213984 (ACC)n 1.70 0.340 8.07 bnlgl823  (AG)n 0.68 0.136
4.03 umc2082  (CT)n 0.34 0.068 8.08 umc1069 (GGAGA)Nn 0.34 0.068
5.03 bnlg1879  (AG)n 0.68 0.136 10.02 umcl337  (TA)n 0.68 0.136
5.04 bnlg2323  (AG)n 0.35 0.070 10.03 umc2067  (CATG)n 0.34 0.068
5.05 bnlg278 — 0.35 0.070 10.03 bnlg640 — 1.36 0.272
5.05 umc2164  (CGGC)n 0.34 0.068 10.04 umc2163 (AG)n 0.34 0.068
5.05 umcl155  (AG)n 2.92 0.584 10.04 bnlg1518 (AG)n 0.34 0.068

UCO: unequal crossing over.

L M’.ﬁ. “ ,Eisen ™! DNA
v -

1

ppP:1 3 5 7 9 11 13 15 17 19 21 23 25 ; )

1 35|49 bnlg1805 7 RIL Bk BRI L Xk
Fig. 1 PCR profile of unequal crossing over SSR marker bnlg1805 '

Py: 3; Py 87-1; 1~25: RIL , 3 20 21 22 )
Kermicle %%
Pi: Zong 3; P, Yu 87-1; 1-25: RIL populations, among which lanes 3,
20, 21, and 22 show the band of unequal crossing over.
) SSR
[22] ’
, 1076 [23]
107304 SSR (84.8%) ,
6 , 15.2% , ,
SSR ) )
10%~10""
References

[1] Civardi L, Xia Y, Edwards K J, Schnable P S, Nikolau B J. The



961

[2]

[3]

[4]

(5]

[6]

(71

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

relationship between genetic and physical distances in the cloned
al-sh2 interval of the Zea mays L. genome. Proc Natl Acad Sci
USA, 1994, 91: 8268-8272

Sturtevant A H. The effects of unequal crossing over at the bar
locus in Drosophila. Genetics, 1925, 10: 117-147

Sturtevant A H, Morgan T H. Reverse mutation of the bar gene
correlated with crossing over. Science, 1923, 57: 746-747
Tusié-Luna M T, White P C. Gene conversions and unequal
crossovers between CYP21 (steroid 21-hydroxylase gene) and
CYP21P involve different mechanisms. Proc Natl Acad Sci USA,
1995, 92: 10796-10800

Baumer A, Dutly F, Balmer D, Riegel M, Tikel T, Krajewska-
Walasek M, Schinzel A A. High level of unequal meiotic cross-
overs at the origin of the 22911.2 and 7q11.23 deletions. Human
Mol Genet, 1998, 7: 887-894

Webb C A, Richter T E, Collins N C, Nicolas M, Trick H N,
Pryor T, Hulbert S H. Genetic and molecular characterization of
the maize rp3 rust resistance locus. Genetics, 2002, 162: 381-394
Collins N, Drake J, Ayliffe M, Sun Q, Ellis J, Hulbert S, Pryor T.
Molecular characterization of the maize Rpl-D rust resistance
haplotype and its mutants. Plant Cell, 1999, 11: 1365-1376
Silver L M, White M, Artzt K. Evidence for unequal crossing
over within the mouse T/t complex. Proc Natl Acad Sci USA,
1980, 77: 6077-6080

Adams K L, Wendel J F. Polyploidy and genome evolution in
plants. Curr Opin Plant Biol, 2005, 8: 135-141

Lockton S, Gaut B S. Plant conserved non-coding sequences and
paralogue evolution. Trends Genet, 2005, 21: 60-65

Zhang L, Gaut B S. Does recombination shape the distribution
and evolution of tandemly arrayed genes (TAGS) in the Arabi-
dopsis thaliana genome? Genome Res, 2003, 13: 2533-2540
Goodfellow P N. Variation in now the theme. Nature, 1992, 359:
T777-778

Powell W, Machray G C, Provan J. Polymorphism revealed by
simple sequence repeats. Trends Plant Sci, 1996, 1: 215-222
Jeffreys A J, Wilson V, Thein S L. Hypervariable “minisatellite”
regions in human DNA. Nature, 1985, 314: 67-73

Crow J F, William F D. Anecdotal, historical and critical com-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

mentaries on genetics: Unequal crossing over then and now.
Genetics, 1988, 120: 1-6

Walsh J B. Persistence of tandem arrays: Implications for satellite
and simple-sequence DNAs. Genetics, 1987, 115: 553-567

Sia E A, Jinks-Robertson S, Petes T. Genetic control of microsa-
tellite stability. Mutat Res, 1997, 383: 61-70

Saghai-Maroof M A, Soliman K M, Jorgensen R A, Allard R W.
Ribosomal DNA spacer length polymorphisms in barley: Mende-
lian inheritance, chromosomal location, and population dynamics.
Proc Natl Acad Sci USA, 1984, 81: 8014-8018

Lincoln S, Daly M, Lander E. Mapping genetic mapping with
MAPMAKER/EXP3.0. Cambridge: Whitehead Institute Techni-
cal Report, 1992

Yan J-B( ), Tang H(
Y-L( ), Li J-S(
distortion of molecular markers in maize F, population. Acta
Genet Sin ( ), 2003, 30(10): 913-918 (in Chinese with
English abstract)

TangJH, Ma X Q, YanJB, TengW T, WuWR, Dai JR, LiJS.
The QTL and heterotic detection loci for plant height using an

), Huang Y-Q( ), Zheng
). Genetic analysis of segregation

immortalized F, population in maize. Chin Sci Bull, 2007, 51(24):
2864-2869

Udupa S M, Robertson L D, Weigand F, Baum M, Kahl G. Allelic
variation at (TAA)n microsatellite loci in a world collection of
chickpea (Cicer arietinum L.) germplasm. Mol Gen Genet, 1999,
261: 354-363

Schug M D, Mackay T F C, Aquadro C F. Low mutation rates of
microsatellite loci in Drosophila lanogaster. Nat Genet, 1997, 15:
99-102

Xu X, Peng M, Fang Z, Xu X. The direction of microsatellite
mutations is dependent upon the allele length. Nat Genet, 2000,
24: 396-399

Eisen J A. Mechanistic basis for microsatellite instability. In:
Goldstein D B, Schlétterer C, eds. Microsatellites: Evolution and
applications. Oxford: Oxford University Press, 1999. pp 34-48
Kermicle J K, Eggleston W B, Alleman M. Organization of pa-
ramutagenicity in R-stipples maize. Genetics, 1995, 141: 361-
372



