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Correlation analysis between meiotic recombination frequencies and
age in human spermatocyte
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Abstract: Faithful meiotic recombination is essential for the segregation of homologous chromosomes and the formation
of normal haploid gametes. Little is known about the mechanism of meiotic recombination in human germ cells. MLHI (a
DNA mismatch repair protein) foci on synaptonemal complexes (SCs) at prophase I of meiosis can be used to examine re-
combination frequency. In 10 fertile men, the mean number of MLH]1 foci per cell in all donors was 49.4 with a range from
33 to 63. There was significant variation in the recombination frequency found among 10 normal individuals: the mean
frequencies of chromosomal recombination foci ranged from 47 to 52.7. The bivalents without recombination focus were
rare, with a frequency of only 0.4%. Thus, achiasmate chromosomes appeared to be rare in human male meiosis. Spearman
correlation analysis between age and the frequencies of recombination foci failed to get any significantly statistical correla-

tion, suggesting that aging contributes nothing to the variation among individuals.

Keywords: meiosis; synaptonemal complex; genetic recombination; spermatocyte; age

Yehs B HA: 2011-03-16; &= HHA: 2011-04-09

E£WB: (973 ) ( 2006CB504003), (
YW-R-51) ( 2007CB947401)
1EEF N , , , E-mail: 330605700@qq.com

BiES: R , s R , E-mail: urology 2010@hotmail.com

: KSCX1-



726 i {3 HEREDITAS (Beijing) 2011 33

0.04%Photo-Flo 4 min,
, ADB ,05h 0.5h
( 40uL  ADB (  -SCP3,
, -MLHI, CREST )
, (rubber cement) , 37C TBS
(Synaptonemalcomplexes, SC)™! , 3, 10 min , 37
, 1.5 h, TBS 3, 10 20 30 min,
, 20 uL ( vectashield) ,
122 miantr
SC( )
’ SC B3] Olympus BX61 ,
Image Pro-Plus versions 5.1
’ I
’ 1): )
SCP3( 3, ( )
) MLHI CREST ( ’ ’
)9
’ SC , MLH1
MLH1 SC ,
10 XY |, MLHI
1
1.1
8
.2 (CLCY) :
27~74 692
PBS , , 30 min ,
1.2
12,1 BB KR4l &R RAEE
LI [4] ,
1h, 0.1 mol/L E1 AEEUREHKAEEARTERKSESK
: SCP3; : MLHI; : XY
; 10 uL
( 0.2%Triton X-100  1.2.3 4B
1% ) 10 h, SPSS 13 Kruskal



727

Wallis s Pearson x2 test, 2.3
Spearman , P<0.05
Spearman
XY R
2 2 3,
(P>0.05)
2.1
53 - .
10 1, l‘}?r 52 4 *
839 , £ 511
49.4+4.4, 3363 XY w04 ¢ .
= 49 0 &
MLHI1 68%~93%, 76.2%, fJ 8 *
7%~32%, 10 , & .
47 *
MLHI XY 46 T T T T 1
MLHI 20 30 40 60 70 80
nH B E
SC XY , ‘ " )
2 FRaAEANESFHRBEXMEDH=0.2, P=0.6)
(P<0.01)
100 -
22 SC £ 954 .
35 90
18 458 2 851 .
. S 80 A S
SC 2): 0 5 e R
MLHI SC 0.1 3.5 = 707 e od
115 57 12 0.4%(1/220) Z
sC MLH1 MLHI % 554
50 T T T T T 1
(P>0.05) 20 30 40 50 60 70 80
XY 68%~93%, oE B ()
76.2%, 7%~32% B3 MEeREASFEREXEDHTE=0.3, P=0.4)
*x1 TEREMHELEETMET MLHT R BEM XY £ MLH1 {7 & 59408 L 51(%)
MLH]1
( XY MLH1 (%)
Cl 27 100 50.1 5.3 34~63 79
c2 35 100 47.0 3.8 36~55 80
c3 63 100 49.2 3.7 41~57 93
c4 69 100 48.8 4.0 38~59 68
cs 65 100 52.7 44 39~62 68
c6 73 100 47.4 4.1 37~55 68
c7 72 92 51.6 43 40~60 71
c8 76 50 49.1 6.0 33~58 78
C9 67 49 49.1 42 35~55 82
C10 74 48 50.1 45 40~57 75
Mean 69.2 - 49.4 4.4 33~63 76.2
+SD - - 1.7 - - 7.9
P - - 0.000" - - 0.000°

:  Kruskal-Wallis test; b pearson xz test



728 i f{ HEREDITAS (Beijing) 2011 33
%2 MLH1 ¥ HX 0~5 8 SC FHHA , MLHI
MLHI1 0~5 SC ,
0 1 2 3 4 5
Cl 0.2 3.4 10.8 6.0 1.4 0.0
C2 0.1 4.0 12.7 4.4 0.7 0.1
C3 0.1 3.7 12.0 4.9 1.3 0.1 [13-15]
C4 0.1 3.5 11.9 5.2 1.2 0.0
C5 0.0 2.8 10.5 6.6 1.8 0.2 21 [16]
Co6 0.1 3.6 12.1 53 1.0 0.1
7 0.1 33 104 64 16 03 Shi [
Cs8 0.2 3.8 12.0 5.8 0.2 0.1 PCR ,
C9 0.1 3.4 11.5 6.0 0.9 0.1
C10 0.1 33 11.1 6.1 1.4 0.1 Lynn [
Mean 0.1 3.5 11.5 5.7 1.2 0.1
+=SD 0.1 0.3 0.8 0.7 0.5 0.1 ' Broman 7]
P 0.964 0.139 0.086 0.074  0.058 1.094
3 Spearman
, I
SC , 839 SC R
MLH1 0.4% SC ,
DAN (561, SC MLHI 0~0.4% Sun [
, 21 22
XY
i MLHI 68%~93%, 76.2%,
MLHI 47+3.8~52.7+4.4, 51%~81%XY i
MLHI , XY 7%~32%
[7~9]
’ SC ’ [19~21]
, Sun [ (22241 MLH1
Sun [ )
10 1 000
, MLH1  MLH3 ,
46.4+5.5~53.2+4.9, MLHI
49.7, 13% Lynn U1 I (25271
14 , MLH1 SC
46.2+3.3~52.8+4.8, 15% Codina- Sun M9 Codina-Pascual
Pascual % [12] XY MLHI
, XY
33~74 MLHI
MLHI Sun [ XY



729

(47XXY)

21 [29]

XY [30,31]

Shi [
PCR
XY

£ % ik (References):

(1]

(2]

(3]

(4]

[5]

[6]

(7]

(8]

Hassold T, Sherman S, Hunt P. Counting cross-overs:
characterizing meiotic recombination in mammals. Hum
Mol Genet, 2000, 9(16): 2409-2419.

von Wettstein D, Rasmussen SW, Holm PB. The synap-
tonemal complex in genetic segregation. Annu Rev Genet,
1984, 18(1): 331-413.

s

PTA , 1995,
17(2): 17-19.

LiJ, Leng M, Ma T, Yu D, Shi H, Shi Q. Cryopreservation
has no effect on meiotic recombination and synapsis in
testicular tissues. Fertil Steril, 2009, 91(Suppl.4):
1404-1407.

Tease C, Hartshorne GM, Hultén MA. Patterns of meiotic
recombination in human fetal oocytes. Am J Hum Genet,
2002, 70(6): 1469-1479.

Baker SM, Plug AW, Prolla TA, Bronner CE, Harris AC,
Yao X, Christie DM, Monell C, Arnheim N, Bradley A,
Ashley T, Liskay RM. Involvement of mouse Mlhl in
DNA mismatch repair and meiotic crossing over. Nat
Genet, 1996, 13(3): 336-342.

Barlow AL, Hultén MA. Crossing over analysis at
pachytene in man. Eur J Hum Genet, 1998, 6(4):
350-358.

Sun F, Trpkov K, Rademaker A, Ko E, Martin RH.

Variation in meiotic recombination frequencies among

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

human males. Hum Genet, 2005, 116(3): 172—-178.
Lyrakou S, Mantas D, Msaouel P, Baathalah S, Shrivastav
P, Chrisostomou M, Mihalopoulos Y, Hasiakos D, Baka S.
Crossover analysis using immunofluorescent detection of
MLHI1 foci in frozen-thawed testicular tissue. Reprod
Biomed Online, 2007, 15(1): 99-105.

Sun F, Oliver-Bonet M, Liehr T, Starke H, Turek P, Ko E,
Rademaker A, Martin RH. Variation in MLH1 distribution
in recombination maps for individual chromosomes from
human males. Hum Mol Genet, 2006, 15(15): 2376-2391.
Lynn A, Koehler KE, Judis L, Chan ER, Cherry JP,
Schwartz S, Seftel A, Hunt PA, Hassold TJ. Covariation of
synaptonemal complex length and mammalian meiotic
exchange rates. Science, 2002, 296(5576): 2222-2225.
Codina-Pascual M, Campillo M, Kraus J, Speicher MR,
Egozcue J, Navarro J, Benet J. Crossover frequency and
synaptonemal complex length: their variability and effects
on human male meiosis. Mol Hum Reprod, 2006, 12(2):
123-133.

Jagiello G, Fang JS. Analyses of diplotene chiasma fre-
quencies in mouse oocytes and spermatocytes in relation
to ageing and sexual dimorphism. Cytogenet Cell Genet,
1979, 23(1-2): 53-60.

Luthardt FW, Palmer CG, Yu P. Chiasma and univalent-
frequencies in aging female mice. Cytogenet Cell Genet,
1973, 12(1): 68-79.

Speed RM. The effects of ageing on the meiotic chromo-
somes of male and female mice. Chromosoma, 1977, 64(3):
241-254.

Tanzi RE, Watkins PC, Stewart GD, Wexler NS, Gusella
JF, Haines JL. A genetic linkage map of human chromo-
some 21: analysis of recombination as a function of sex
and age. Am J Hum Genet, 1992, 50(3): 551-558.

Shi QH, Spriggs E, Field LL, Rademaker A, Ko E, Barclay
L, Martin RH. Absence of age effect on meiotic recombi-
nation between human X and Y chromosomes. Am J Hum
Genet, 2002, 71(2): 254-261.

Ferguson KA, Wong EC, Chow V, Nigro M, Ma S.
Abnormal meiotic recombination in infertile men and its
association with sperm aneuploidy. Hum Mol Genet, 2007,
16(23): 2870-2879.

Bascom-Slack CA, Ross LO, Dawson DS. Chiasmata,
crossovers, and meiotic chromosome segregation. Adv
Genet, 1997, 35: 253-284.

Roeder GS, Bailis JM. The pachytene checkpoint. Trends
Genet, 2000, 16(9): 395-403.



730

i4 f{ HEREDITAS (Beijing) 2011

33

(21]

(22]

(23]

[24]

(25]

[26]

Shi QH, Spriggs E, Field LL, Ko E, Barclay L, Martin RH.
Single sperm typing demonstrates that reduced recombi-
nation is associated with the production of aneuploid 24,
XY human sperm. Am J Med Genet, 2001, 99(1): 34-38.
Gonsalves J, Sun F, Schlegal PN, Hopps CV, Turek PJ,
Greene C, Martin RH, Reijo-Pera RA. Defective recom-
bination in infertile men. Hum Mol Genet, 2004, 13(22):
2875-2883.

Sun F, Kozak G, Scott S, Trpkov K, Ko E, Mik-
haail-Philips M, Bestor TH, Moens P, Martin RH. Meiotic
defects in a man with non-obstructiveazoospermia: case
report. Hum Reprod, 2004, 19(8): 1770-1773.

Ma S, Arsovska S, Moens P, Nigro M, Chow V. Analysis
of early meiotic events and aneuploidy in nonobstructive
azoospermic men: a preliminary report. Fertil Steril, 2006,
85(3): 646—652.

Edelmann W, Cohen PE, Kane M, Lau K, Morrow B,
Bennett S, Umar A, Kunkel T, Cattoretti G, Chaganti R,
Pollard JW, Kolodner RD, Kucherlapati R. Meiotic
pachytene arrest in MLHI-deficient mice. Cell, 1996,
85(7): 1125-1134.

Edelmann W, Cohen PE, Kneitz B, Winand N, Lia M,
Heyer J, Kolodner R, Pollard JW, Kucherlapati R. Mam-

malian MutS homologue 5 is required for chromosome

(27]

(28]

[29]

(30]

[31]

pairing in meiosis. Nat Genet, 1999, 21(1): 123-127.
Lipkin SM, Moens PB, Wang V, Lenzi M, Shanmugarajah
D, Gilgeous A, Thomas J, Cheng J, Touchman JW, Green
ED, Schwartzberg P, Collins FS, Cohen PE. Meiotic arrest
and aneuploidy in MLH3-deficient mice. Nat Genet, 2002,
31(4): 385-390.

Sun F, Mikhaail-Philips M, Oliver-Bonet M, Ko E, Rade-
maker A, Turek P, Martin RH. Reduced meiotic recombi-
nation on the XY bivalent is correlated with an increased
incidence of sex chromosome aneuploidy in men with
non-obstructive azoospermia. Mol Hum Reprod, 2008,
14(7): 399-404.

Savage AR, Petersen MB, Pettay D, Taft L, Allran K,
Freeman SB, Karadima G, Avramopoulos D, Torfs C,
Mikkelsen M, Hassold TJ, Sherman SL. Elucidating the
mechanisms of paternal non-disjunction of chromosome
21 in humans. Hum Mol Genet, 1998, 7(8): 1221-1227.
Lorda-Sanchez I, Binkert F, Maechler M, Robinson WP,
Schinzel AA. Reduced recombination and paternal age effect
in Klinefelter syndrome. Hum Genet, 1992, 89(5): 524-530.
MacDonald M, Hassold T, Harvey J, Wang LH, Morton
NE, Jacobs P. The origin of 47, XXY and 47, XXX ane-
uploidy: heterogeneous mechanisms and role of aberrant
recombination. Hum Mol Genet, 1994, 3(8): 1365-1371.

o$% 15 Ho

2011 5 7 8 (EfE) MR AR

>

TSA(Trichostatin A)

| ’ : TSA
’ DNA , TSA
; 250 nmol/L 24 h 40 nmol/L 24 h, ,
TSA ’
GFP ’ ’ P |
) GFP , | GFP |
749~756 , ’ , ’ ’ |
““TSA .
(FUR AR, 31&4e)




<<
  /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


