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Abstract: [Objective] Recombination plays an important role in species evolution as well as plant and animal breeding. Here,
the number of crossover breakpoints was used as a trait to map the QTL controlling recombination of genomes. [Method] Total
number of crossover breakpoints across all chromosomes (NCAC) was used as the trait. [Result] Seven and eleven QTL were
detected in 3 maize and 3 rice genetic populations, respectively. Meanwhile, 12 and 57 more QTL were detected in the maize
IBM302 and rice Genetic98 population, respectively, when using the number of crossover breakpoints per chromosome (NCPC) as
the trait. The number of QTL detected is strongly correlated with the resolution of the genetic linkage map. [ Conclusion] These
results not only have provided evidences for the true existence of genes controlling recombination frequency, but also facilitate our
further research on map-based gene cloning and molecular breeding.
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Table 1  Genetic linkage maps used in this study
Whlh BHEAR FFERZER BN AR H USERLISEIS ANTMETR S STV SR o
Species  Population Population Population Marker  Genome coordinate  Mean dist. of markers Sources
name type size number (cM) (cM)
Tk z3/87-1 RIL 294 263 2370.8 9.0 Tang et al, 2007!"
Maize  pr3pugos  RIL 245 243 1644.9 6.8 Chander et al, 2008
B73/Mol7 RIL 302 1338 6242.7 4.7 WWW.maizemap.org
(IBM302)
IKFE AsolR24 RIL 71 375 1460.3 3.9 http://rgp.dna.affrc.go.jp/Publicdata.html
Rice Genetic98 F, 186 2275 1521.9 0.7 http://rgp.dna.affrc.go.jp/Publicdata.html
Akihikari/ DH 212 169 1179.8 7.0 http://rgp.dna.affrc.go.jp/Publicdata.html
Koshihikari
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Table 2 Method of calculating the number of crossovers in DH or RIL population

Frid PR RS +5 Individuals in the population

Marker name 1 2 3 4 5 n
M1 1 1 0 1 1 1
M2 2 2 1 2 2 2
M3 1 1 1 1 1 2
M4 1 2 2 2 2 2
M5 2 2 2 2 2 2
M6 2 1 2 2 2 1
M7 1 0 1 2 1 1
M8 2 2 2 0 2 2
AT H Number of crossovers 5 5 3 3 5 3
#3 FROBBEKRNEEMEITESE

Table 3 Method of calculating the number of crossovers in F, population

Frid TRk Y5 Individuals in the population

Marker name 1 2 3 4 5 n
Ml 1 3 0 1 1 1
M2 2 2 1 2 2 2
M3 3 1 1 1 1 2
M4 1 2 2 2 3 2
M5 3 2 2 3 3 3
Mo 2 1 2 2 3 1
M7 1 0 1 2 1 1
M8 2 2 3 0 2 2
AT 4L Number of crossovers 5 4.5 2. 4 4 3
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Table 4 Statistic summary of NCAC in eight populations
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AsolR24, Akihikari/Koshihikari, B73/By804 #l
Z3/87-1 BHAAILFR A I AT ik E o il A 22,7, 15.0,
28.2, 41.4, 1 Genetic98 Fl IBM302 & T A
B bmc # i, IR A BRI A B k8, e
P kRAC 20500 333.1 Al 107.8 (K 4) , HiHTH
A7 PR B P AT AT VR B 4k 32.2 i1 25.7.
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T 4.8%~9.8% [l TEIX 3 AMFEAAR A & 47 2IAH
[ QTL (£ 5) o FE/KFE 3 MR I s 7 4
FEHAE QTL, 2RI T 1. 2. 6 M1 7 SoKRGY ok
s MERER AR 5 ZEA T 13.2%~20.0%2 18] Ho
7F AsolR24 REAKThEfr 3 AN E4IH%E QTL: 7
Genetic98 HI Akihikari/Koshihikari A4 &40 5] 2
A~ QTL. M qRRB6-8 HA7 %M1 LOD fH (10.2) ,
REMRE 13.3% MR A (K5

T FOK ARG % %81 4] 1BM302 FiT Genetic98
o, ALK MR QTL AL R, 1k IBM302

2.1

AsolR24  Akihikari/  Genetic98 4:#i#xic Genetic98 #.Lobxic B73/By804  Z3/87-1  IBM302 4iffifric IBM302 #Lobrid
Koshihikari  Genetic98 with all ~ Genetic98 with core IBM302 with all IBM302 with
markers markers markers core markers

RHHHAATEE 13.0~33.0 6.0~25.0 300~362 23.0~43.5 14.0~43.0 22.0~71.0  65.0~150.0 11.0~42.0
Range of NCAC
SRR IR 22.7 15.0 333.1 322 28.2 41.4 107.8 25.7
Mean of NCAC
% Skewness 0.2 0.1 -0.1 0.1 0.2 0.8 0.6 0.7
)% Kurtosis 0.2 0.0 0.3 0.2 03 0.8 -0.1 0.8
Frufis 0.5 0.4 0.8 0.3 0.4 0.5 0.9 0.3
Standard error of mean
N 4.6 38 11.1 35 6.1 8.8 222 9.1

Standard deviation




2266 el & BE % 42 &
x5 BEEADEENE L EMER
Table 5 Putative QTL result for NCAC
T QTL* FRic B X ° LOD A° D R? ik
Population Flanking markers Confidence interval Note
B73/By804 gMRB9-1 bnlg1401-umc1037 25.6~25.8~30.1 2.9 2.1 - 5.7 x
gMRB9-2 umc1258-umc1688 40.9~42.0~44.6 43 2.4 - 73 \
73/87-1 gMRB1-1 ume2112-umc2025 232.6~233.6~242.3 4.4 4.1 - 9.8 \
gMRB1-2 ch2¢03-umc1395 248.5~249.1~252.4 3.1 32 - 45 x
IBM302 4= #fbric gMRB3-3 mmc0312-umc1908 210.1~210.6~210.8 3.6 7.5 - 6.0 v
[BM302 with all markers gMRB7-1 php20909b-phi069 501.3~5049~5153 3.6 7.0 . 52 N
IBM302 #%.Lbric gMRB5-3 12567a-mmp169 451.8~452.5~456.8 3.68 3.1 - 13.0 \
IBM302 with core markers
AsolR24 gRRB1-1 XNpb113-C86 16.9~19~27.3 3.8 2.1 - 19.0 x
gRRB1-2 XNpb93-C3029C 27.3~30~38.1 33 2.0 - 18.0 x
gRRB2-1 C978-Ky6 7.0~12.0~16.6 4.6 2.2 - 20.0 x
Akihikari/Koshihikari gRRB2-2 C1221-G275 10~12.6~16.2 4.6 -1.6 41 145 x
gRRB7-1 R2401-R1488 33.9~34.9~41.1 53 -1.1 74163 x
Genetic98 4=Hibric gRRB6-7 B174-B204B 90.9~95.1~98.6 6.2 9.9 3.1 13.2 x/
Genetic98 with all markers  pope o B174-B204B 98.6~101.6~104.4 102 102 44 133 N
Genetic98 % Lrbrit gRRB3-5 C721-R1713 6.0~7.9~9.3 4.4 1.8 0.6 100 \
Genetic98 with core markers — ppae 5 €597-52136 3.0~9.5~14.3 103 3.0 15 316 N
gRRBS5-8 C249-R569 40.4~40.4~43.9 6.2 0.6 -15 12 \
gRRB6-7 R2266-W475 85.4~86.7~88.3 3.2 1.5 -13 8.8 \

3 QTL (& FR, MW F4i5 7 ¢=QTL, M=maize, RB=Recombination, — M7 % QTL ifEgetotk, 5 M FAE QTL Wdi's: °h
SERL QTL IREAS I ), HM Rl QTL (843 X AR A4 Jk e LOD A7 BAEAS B I 28 5 © il QTL (RO Al il @ “N7 IRAEAMIN KRG gLt

PR B FYRE QTL,

“x” FoRBA YR QTL; ° %7s QTL i ARV AH

* QTL was named in the following way, g=QTL, M=maize, RB=Recombination, the first number is the located chromosome of the QTL, the second number
represents the serial number of the QTL in the chromosome; ® The coordination of the QTL, the three number represents the beginning of the QTL confidence
interval, the location with the highest LOD score and the end of the QTL confidence interval, respectively; © The additive effect of the QTL; 4 «\> means that a
homologous QTL was detected in rice and maize syntenic region, “x”means no homologous QTL; ° The dominant effect of the QTL
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Table 6 Putative QTL for NCPC detected in maize IBM302 population

QTL? PEIR P Trait Fric Flanking markers #{%[X ] ® Confidence interval LOD A° R?
gMRB1-3 Chrl php20603-php20689 92.0~99.8~109.3 34 1.6 52
GMRB1-4 Chr2 php20603-php20689 91.2~99.8~109.4 49 24 7.5
gMRB9-3 Chr2 gtalOlc-bnlgl012 273.8~277.9~281.8 3.6 -2.3 6.9
gMRB9-4 Chr2 bnlg1012-ufg70 281.8~284~285.6 4.3 -2.3 6.5
gMRB9-5 Chr2 umc1492-umc1120 292~293.7~298.9 43 -2.2 6.5
gqMRB5-1 Chr3 mmp170-umc1792 561.7~565.5~568.4 3.8 -1.2 5.8
qMRB5-2 Chr5 umc1355-mmp108a 245.2~248.9~249.8 4.9 -1.8 9.4
gMRB3-1 Chr6 mmc0312-umc1908 205.9~210.6~212.3 39 0.9 6.1
gMRB1-5 Chr8 bnlg1598-umc1123 483~487.3~491.6 4.9 1.1 7.7
gqMRB3-2 Chr8 mmc0312-umc1908 208.8~210.6~211.6 4.4 1.0 6.5
gMRB8-1 Chr10 hdal03-umc1316 337.1~338.9~339.6 4.6 1.0 6.9
qMRB8-2 Chr10 bnl12.30a-umc1149 346.2~348.8~358.4 5.0 1.6 17.4

G0 B S YL A R IR REORIAT QTL 527, LA Gk SR RIS ER S 7R

a

55 et RS A e AL 45 RO, A IBM302 FEAA
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HiF QTL A7 15 gMRB5-1 Ll 50eM ZiAi; AE/KFgH
FEAURILER T qRRB6-7 54 6 5 YL (iR A A% QTL
SENALE —FEAN, e AL T T A bR ad v EUE A7 11
QTL fiix, w1 qRRB3-5 £ T~ qRRB3-1 5 qRRB3-2 2.
], qRRB5-7 Ef7 %] qRRB5-1 _LJif, i QqRRB5-8
£ T qRRB5-2 5 qRRB5-3 2 [H].

.0, ¢, see legends in table 5; " The number of crossovers of the given chromosome was regarded as the trait for QTL mapping
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Table 7 Putative QTL for NCPC detected in rice Genetic98 population

QTL? PEIR * Trait Fric Flanking markers #{% X 1] ° Confidence interval LOD A° D° R’

gRRB1-3 Chrl C113-R2151S 47.4~49.2~50.3 329 3.6 -0.9 44.0
gRRB1-4 Chrl R3072-M163 93.5~96.3~97.8 7.5 -1.6 -0.3 6.4
gRRB1-5 Chrl G302-R1485 102.8~103.6~104.4 3.7 -1.7 -0.4 3.5
gRRB1-6 Chrl S12805-C727 144.8~145.3~147.1 8.8 23 -0.1 8.5
gRRB2-3 Chr2 S10889-R1738 11.5~13.5~15 41.2 2.9 0.4 59.1
gRRB2-4 Chr2 S1511-G1327 19.3~20.8~20.9 51.0 3.1 0.3 65.3
gRRB2-5 Chr2 T82-R2344 24.9~263~27.2 11.6 1.7 0.2 9.0
gRRB2-6 Chr2 C1408-S1911 124.4~125~127.1 5.2 -1.0 0.6 32
gRRB2-7 Chr2 G275-C348 140.4~141.5~143.7 4.5 0.7 0.2 3.1
gRRB2-8 Chr2 S824-C1137 145.4~1473~148.4 5.8 0.9 0.0 39
gRRB2-9 Chr2 G7013-G7016 151.4~152.3~153.1 8.1 1.1 -0.1 5.2
gRRB3-1 Chr3 R1468-C721 2.5~4.5~6.1 42.7 33 -0.1 59.9
gRRB3-2 Chr3 S2514-S13946 13.7~152~15.9 8.2 1.8 -0.1 5.8
gRRB3-3 Chr3 C161-S13802 41.3~42.2~433 249 -2.6 -0.8 21.7
gRRB3-4 Chr3 S11493-Y3870R 66.3~68.8~74.2 13.3 1.9 0.8 9.8
gRRB4-1 Chr4 P85-C9 3.1~4.8~6.6 6.5 0.9 0.4 10.0
gRRB4-2 Chr4 C708-C820 14~15.4~20.2 11.3 1.2 0.7 16.5
gRRB4-3 Chr4 P28-P158 23.4~25.7~27.8 4.7 0.8 0.4 7.9
gRRB4-4 Chr4 P160-C891 49.5~53.1~56.1 8.1 1.4 -0.5 11.4
gRRB4-5 Chr4 R2406-R2921 62.2~62.7~64.7 6.2 1.2 -0.3 8.9
gRRB5-1 Chr5 R1674-R476 18.1~20.4~21.1 52 -0.6 -0.5 3.7
gRRB5-2 Chr5 R2752-S12447 24.8~27.5~34.7 7.6 -0.8 -0.6 5.2
gRRB5-3 Chr5 S2351-R413 52.6~52.6~53.4 13.2 1.7 0.0 10.3
gRRB5-4 Chr5 S2467-R3313 61.4~63~64.9 14.7 1.7 0.0 11.3
gRRB5-5 Chr5 V163-R188 70.8~71.1~72.5 11.5 1.5 0.0 9.2
gRRB5-6 Chr5 B2H12-C1018 98.8~99.9~106.7 51.2 -39 0.0 66.0
gRRB6-1 Chr6 M160-Y2587L 28.8~32.7~36.7 54 -1.1 -0.4 34
gRRB6-2 Chr6 P59-G122 77.4~78.8~80.2 54 2.5 -0.7 34
gRRB6-3 Chr6 R2266-W475 85.4~86.7~88.3 26.7 4.2 -0.3 22.1
gRRB6-4 Chr6 C882-R276 99.3~101.4~101.5 10.2 32 -0.6 8.1
gRRB6-5 Chr6 C259-C962 107.9~109.3~112 12.3 2.7 -0.1 8.5
gRRB6-6 Chr6 R1479-R1888 118.2~118.8~119.5 7.6 1.6 0.2 5.6
gRRB7-2 Chr7 T94-R565 14.7~20.1~22.7 12.5 1.5 0.3 4.7
gRRB7-3 Chr7 L538T7-V177 30.7~30.8~33.5 14.0 1.7 0.1 5.7
gRRB7-4 Chr7 C1464-R1788 50.1~50.4~50.7 19.5 2.4 0.0 9.3
gRRB7-5 Chr7 R646-G20 56.3~58.9~62.6 19.1 2.7 -0.1 7.6
gRRB7-6 Chr7 S1001-S14048 66.0~68.0~68.0 322 3.1 -0.2 22.1
gRRB7-7 Chr7 V93-P82 77.7~782~79.2 223 2.0 -0.2 8.6
gRRB8-1 Chr8 T78-G278 3.0~54~9.2 18.4 -1.7 0.1 14.2
gRRB8-2 Chr8 V48-C770 12.6~13.2~13.4 14.9 -1.4 0.1 11.0
gRRB8-3 Chr8 G1010-R1813 42.8~44.2~46.2 10.6 1.3 -0.2 7.1
gRRB8-4 Chr8 R80-R2201 48.3~49.6~52.8 9.8 1.4 -0.3 6.4
gRRB8-5 Chr8 L363-S2014 65.8~68.5~70.5 9.0 1.8 -0.3 5.7
gRRB8-6 Chr8 S10631-S10622 76.6~76.7~76.8 24.1 23 -0.6 21.4
gRRB8-7 Chr8 S11102-M235 83.8~86.7~88 74 1.6 -0.5 4.6
gRRB8-8 Chr8 T95-R1963 113.9~117.5~118 11.9 -1.3 0.0 7.8
gRRB9-1 Chr9 S877-S13769 0~0~0.7 18.9 -1.5 0.6 31.1
gRRB9-2 Chr9 C442-G1085 78.9~81.4~83.3 10.0 -1.5 0.0 14.6
gRRB10-1 Chr10 G1128-C489 15.1~15.4~16.3 33.9 2.4 -1.9 53.7
gRRB11-1 Chrl1 C104-T28 3~4~6.1 15.4 1.7 0.1 8.1
gRRB11-2 Chrl1 R2918-C794 9.1~122~16.2 12.2 1.8 -0.1 7.1
gRRB11-3 Chrl1 F5003-S2137 40.2~42.7~44.4 38.0 32 0.4 28.7
gRRB11-4 Chrl1 C481S-S12886 113.3~115.2~115.6 50.8 4.0 0.1 43.8
gRRB12-1 Chrl12 C732-S790 6.1~79~11.6 54 -0.7 -0.1 7.9
gRRB12-2 Chrl2 S10637-C1336 11.6~13.4~17.4 4.9 -0.7 -0.1 7.2
gRRB12-3 Chr12 R643-R1709 89~89.9~91.8 15.5 2.4 -0.4 29.6
gRRB12-4 Chrl2 L405-S11076 108~108.8~109.3 11.2 -1.5 -0.2 20.2

40, A S IR ER IS MR BORIET QTL 520, LA R O SRR B IXA IR 4 R
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., ¢, ¢, see legends in table 6; f The number of crossovers of the given chromosome was regarded as the trait for QTL mapping
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TR b A PR R DRDRS A A R e 1 2
fitk, I R A AT BT T 4 B A,
JKAE L QTL-sha [ A7 v B AT T K47 12 000 A4~
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P /K REHEDA chl9 I, RUE A Je T I 10 000 /™ kT
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B 282 kb, 1M JE IR AR S, A R PR P B
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