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Chromosome recombination in rice meiosis

CHEN Jun, LUO Wei-Xiong, LI Ming, LUO Qiong

Ministry of Education Key Laboratory of Agriculture Biodiversity for Plant Disease Management/ Key Laboratory of Plant Pathology,
Yunnan Agricultural University, Kunming 650201, China

Abstract: Meiosis is a highly conservative process, which plays important role in the life cycles of all sexually reproduc-
tive organisms, while the pairing, synapsis, and recombination are the key events in this process and have become the hot-
spots in meiosis studies. At present, we cannot observe the process of cross and recombination of chromosomes directly in
plant meiosis, and generally conclude the process by analysis the genetic population. In the present study, we analyzed 32
DH lines using graphical genotypes, and found 4 chromosomes out of 32 DH lines had regional heterozygosis, which was
further confirmed using STS markers. We suggested that it may cause by repair incompletion or mis-repair of chromsome.
These results provid some directly evidence for explaining the mechanism of plant meiosis.

Keywords: rice; meiosis; recombination of chromosome; graphical genotypes

[1]

[2]

Yr#s B E#3: 2010-12-28; @ HH: 2011-02-15

EEWAE: ( 30760100, 30900885) ( 2007C0063M)
1EEF N s , Tel: 010-64868537; E-mail: haminychen@163.com
BIEE: , , , , E-mail: giongbf@yahoo.com.cn



6 649
3]
DNA 1.2 DNA
' CTAB DNAUS,
100 uL TE , =20
4,
561, 1.3
(Double-strand break, DSB), 3 9311 (http://
(8]
DNA™, www.ncbi.nlm.nih.gov), DNASTAR
[9~11]
D D STS(Sequence-tagged site) 308 (
) 12
DNA 1 4
’ ’ ( Invitrogen )
1.4 PCR
DH(Doubled haploid) PCR 20 pL, : 10xPCR
2.0 pL, 25 mmol/L MgCl, 2.0 pL, 200 pumol/L
121 pH , , dNTP 0.4 pL, 4 pmol/L 1.5 pL, DNA
[13] (14] 160 2.0uL, Tag 11U, ddH,0 20 uL. PCR
52 DH 194 5 min; 94 1 min; 50~60
, DH 1 min, ;72 1 min,
, 25 ; 72 10 min, 4
3%
STS 32 DH ) )
DNA 1% ,
) DH , (OMEGA )
[14] TaKaRa pMD18-T Simple ,
16 16 h
) 1.5
1 STS
, DNA
L1 (DH) s Illustrator
9311 , F, DNA
s 9 B DH
x1 NF 4335149
5'-3" (5'-3"
S1 GATCTCGATTGACCAGTG TTCATTGACAGACCCATC
S2 AAGTAAGCATATGCTCTCTC AGAAAGAGGGAGCATATGTT
S3 CTAAGTACTCCCTCGTTCAC ATGTAGCCAATTAATACAGA
S4 AGGTCTTCTGTCCAAGTTCA AACCATATAAACTCATCTGC




650 i f# HEREDITAS (Beijing) 2011 33

.37 12~16 h LB
s 2 h, PCR , PCR
[14]
2
2.1
’ ’ 308 9311
F, 32 DH
1.6 PCR , 1 2 DH
(DH5a) 50 uL ) 9311
1.5 mL , )
2~5 uL : , 30 min () ,
(25 ) 10 min , 42 ,
1.5 min 1~2 min ( 1, 2),
500~800 puL LB , 37
(137 r/min) 45 min ( 1, 3)
50~100 pg/mL. LB
A

Mb  ® 9311 m Nipponbare

r 0

S

- 10
- 15
- 20
F 25
- 30
- 35

1 2 3

- 40
- 45

4 5 6 7 8 9 10 11 12

Mb

B

ro

5

10
15
20
25

1 2 3

- 30
- 35
- 40
- 45

E1 #WMokRMEREREE
A B DH , ,
9311,



651

R2 REEIBRHSH

0 1 2 3 4 5 6

99 168 81 27 6 1 2

R3 TRRBERRETBRNESR
1 2 3 4 5 6 7 8 9 10 11 12
61 29 50 34 40 43 27 64 29 24 21 28

2.2 DH
32 DH R 384 )
9311 53,
13.8%; (Nipponbare)
47 12.2% 32
b 2 b
1 7
32 DH
384 , 6
1 , 168
99 , 2
81 ( 2) 12
8 22 ,
11 , 21
8 . 64 « 3
0.6~2 R ,
2.3
DNA , (161
[17]
9311 173,
202 9
9311
9311
1:1( P>0.05), R

>

, 100~ 1 000 bp

[18]

87
207

50%
24

[19]
2

3)

( b 4
PCR
20 bp ,
1%

3%

DNA
KaRa) ,
DNA

9311 89
9311
54%,

32 DH

(pMD18-T simple, Ta-
PCR ,

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) ,

, 931

i

x4 AREEARXEHIREK

1

7 8 9 10 11 12

1 A
2 A A A A VANRRVANRRYVANRRVANRRVAN
3 A YANNERVANEERVANRRANNRANNEVANREVANRRVAN A
4 A A A
A
3
(3 )

[21]

[22]



652 i {3 HEREDITAS (Beijing) 2011 33

, DH 1ol
32 DH R 4
, 3
, 3
R DNA 5" 3
[23, 24]
S DNA
37
D , 3
R DNA R
[25~27]
DNA S
, D
[23, 25, 28]
DNA
[25, 26]
[27]
DH

5 % ik (References):

[1] Petronczki M, Siomos MF, Nasmyth K. Un ménage a
quatre: the molecular biology of chromosome segregation
in meiosis. Cell, 2003, 112(4): 423-440.

[2] Hamant O, Ma H, Cande WZ. Genetics of meiotic pro-
phase I in plants. Annu Rev Plant Biol, 2006, 57: 267-302.

[3] Szostak JW, Orr-Weaver TL, Rothstein RJ, Stahl FW. The
double-strand-break repair model for recombination. Cell,
1983, 33(1): 25-35.

[4] , ,

,2010, 32(12): 1223-1231.

[5] Wang M, Wang KJ, Tang D, Wei CX, Li M, Shen Y, Chi ZC,
Gu MH, Cheng ZK. The central element protein ZEP1 of the
synaptonemal complex regulates the number of crossovers
during meiosis in rice. Plant Cell, 2010, 22(2): 417-430.

[6] Wang KJ, Wang M, Tang D, Shen Y, Qin BX, Li M, Cheng
ZK. PAIR3, an axis-associated protein, is essential for the re-
cruitment of recombination elements onto meiotic chromo-
somes in rice. Mol Biol Cell, 2011, 22(1): 12-19.

[71 YuHX, Wang M, Tang D, Wang KJ, Chen FL, Gong ZY, Gu
MH, Cheng ZK. OsSPO11-1 is essential for both homologous
chromosome pairing and crossover formation in rice. Chro-
mosoma, 2010, 119(6): 625-636.

[8] Wang KJ, Tang D, Wang M, Lu JF, Yu HX, Liu JF, Qian BX,
Gong ZY, Wang X, Chen JM, Gu MH, Cheng ZK. MER3 is
required for normal meiotic crossover formation, but not for
presynaptic alignment in rice. J Cell Sci, 2009, 122(12):
2055-2063.

[9] Bishop DK. RecA homologs Dmcl and Rad51 interact to
form multiple nuclear complexes prior to meiotic chromo-
some synapsis. Cell, 1994, 79(6): 1081-1092.

[10] Hunter N, Kleckner N. The single-end invasion: an asymmet-
ric intermediate at the double-strand break to double-holliday
junction transition of meiotic recombination. Cell, 2001,
106(1): 59-70.

[11] Whitby MC. Making crossovers during meiosis. Biochem Soc
Trans, 2005, 33(6): 1451-1455.

[12] ,

. , 2007, 9(3): 52-56.

[13] , , , ; ;

, 1996, 38(11): 881-886.
[14] , ) ) ) , ,

1995, 22(5): 343-352.

[15] Stewart CN Jr, Via LE. A rapid CTAB DNA isolation tech-
nique useful for RAPD fingerprinting and other PCR applica-
tions. Biotechniques, 1993, 14(5): 748-750.

[16] Pluta AF, Mackay AM, Ainsztein AM, Goldberg IG, Earn-
shaw WC. The centromere: hub of chromosomal activities.
Science, 1995, 270(5242): 1591-1594.

[17] Clarke L. Centromeres of budding and fission yeasts. Trends
Genet, 1990, 6(5): 150-154.

[18] Shampay J, Szostak JW, Blackburn EH. DNA sequences of
telomeres maintained in yeast. Nature, 1984, 310(5973):
154-157.



6 653
[19] R S s . RFLP [25] Allers T, Lichten M. Differential timing and control of non-
, 1997, 39(2): crossover and crossover recombination during meiosis. Cell,
137-143. 2001, 106(1): 47-57.
[20] s . [26] Terasawa M, Ogawa H, Tsukamoto Y, Shinohara M, Shira-
,2001: 26-27. hige K, Kleckner N, Ogawa T. Meiotic recombination-related
[21] . . : , 2002: DNA synthesis and its implications for cross-over and
72-73. non-cross-over recombinant formation. Proc Natl Acad Sci
[22] , US4, 2007, 104(14): 5965-5970.
, 2002, 19(3): 354-358. [27] Lynn A, Soucek R, Borner GV. ZMM proteins during meio-
[23] Bishop DK, Zickler D. Early decision: meiotic crossover in- sis: crossover artists at work. Chromosome Res, 2007, 15(5):
terference prior to stable strand exchange and synapsis. Cell, 591-605.
2004, 117(1): 9-15. [28] Borner GV, Kleckner N, Hunter N. Crossover/noncrossover
[24] Anderson LK, Offenberg HH, Verkuijlen WMHC, Heyting C. differentiation, synaptonemal complex formation, and regu-
RecA-like proteins are components of early meiotic nodules latory surveillance at the leptotene/zygotene transition of
in lily. Proc Natl Acad Sci US4, 1997, 94(13): 6868—6873. meiosis. Cell, 2004, 117(1): 29-45.
o M5 Ao
[1%-723 = L e SA AN Pas 1132
BTAREEIMEEFHFEATIERELIRMRI L RR
A
100 Bl E XS "EHM B F
2011 5 13~17 s
P 100 >
30 167 1300
5
100 R
100 5 5
, 143
« , , » , 597
> 3 15 4 143 4 65




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


