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G enetic Analysis and QTL M apping of Z nc, Iron, Copper and
M anganese Contents inM aize Seed

HOU Jin- feng, HUANG Y a- qun’, LIU Zhi zeng, CHEN Jng tang,
ZHU Li ying ', SONG Zhan- quan’, ZHAO Yong feng
("M aize Inprove C enter of Country of H ebei Center/C ollege of Agronomy, Ag riculiura luniversity of H ebei
Baoding 071001;° C ollege of H ebei Baod ing, Baod ng 071001 )

Abstract TwoM aize double haplod( DH ) popu lations DH8 X DH40 and DH 86 %X s137 were used in this sudy
to detect the variation of zing iron copper and manganese contents and to conduct the analysis of quantitative trait
loci (QTLs) for these traits The results showed that the variation of the Zn, F¢ Cu and M n contents w ere very lage
n these populatbns and unstab le n 2007 and 2008 The variations of these trails in o populationsw ere contnuous
and the distrbutions were nomal Through the QTL M apperl. 6, 5 QTLs of these traits were detected for A popu la
ton n 2007 exp laining 9. 41% - 43. 6P variation respectively. There are 9 QTLs were detected for A popu lation
n 2008, explaning 11 21% - 42 96% variatbn respectvely, and didn"t find the saneQTL n two years Through
QTLs analyses of these traits in B population, a total of 18 QTLs distrbuted on 10 chranosmmes were detected ex
ceptS5 chranosanes ncluding 12 QTLs n 2007 and 6 QTLs n 2008 and 2 QTLs n both 2007 and 2008 The QTL
on chranosane 3( be v een m arkers p-um ¢1399-p-bnlgl 605)w ere found to be the Zn content and on chramosane 1
(m arkers bnlg1746) 1o be the Cu content n o years

Key words M aize (Zea mays L. ); Seed Nutrients Genetig Quantitative trait locus (QTL)
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DH86 x 137 , 1 QTIM apperl 6 ,
, 85 QTL ; LOD> 20
B QTL , QTL
s ; M cCouch
1 QTL
2
1 DH 21
Table 1 Zn F¢ Cu andMn content of doubk hapbid pop
ulations parents (mg/kg) 211 A
2 2007 2008 2 A
Popu hition Parents of three ) Fe Cu Mn ’
way cross hybrid
A DH 8 17.88 1975 400 10.25 , 31.38ng/kg (2007 ) 26.38mg/kg
40 26.63 1875 400  13.00 (2008 ) 40( 26. 63n g/kg),
0.0429 0.7327 1.0000 0.0389 16 13ng/kg(2007 ) 17. 38mg/kg( 2008 ),
B DH 86 22.88 2550 4.00 11.25 DH8 17 8mg/kg 2
137 24.63 1875 3.25 1150 15. 25mg /kg 9mg/kg
0.0198 0.2163 0.0955 0.8075 ) ,
12 1 2 ,
2007 2008 2 A B 2 ,
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, , 1434. 7M , 17. 7M
2 4 13 ,
18.00~ 25. Smg/kg 2. 50~ 6.25mg /kg 10 ( 1), QTL
10. 48~ 11. 00mg /kg e (¢’)
5 )
5. 6%
2 2007 2008 A 222 B
Table 2 Characteristics of Zn, F¢ Cu and M n con tent B 106
am ong the A populatbns in 2007 and 2008 ’
4%, 1163
Y ear Trait M M ax Range  Kurbsis Skew ness 40, 11. 9
2007  Zn 1613 3138 1525 -0 3 040 4 16 ,
Fe 1525 4075 2550 06 Q9w 10 ( 2) ( cz)
Cu 300 550 2.50 08 048 5 Q 05
Mn 800 1848 0.48 -09 03 4 T QT
2008  Zn 1738 2638 9. 00 018 -058 ’ ’
Fe 1800 3600 18 00 08 0%
Cu 050 675 6. 25 0L o 23 QTL
Mn 800 1900 1L 00 0% 0% QTIM apperl. 6
QTL , A2
212 B 14 QTL 124567 10
3 , DHBS86 137 B 2007 9 41% ~ 43 670 B2
2008 A, 18 QTL 12346789
; ( 10 : 10 09% ~ 68 6%, 2
0) A, QTL 2 1
; 1
; 2 231 A QTL
’ 2007 A QTL
( 4 5 QTL 246 7
3 2007 2008 B ) 9 4% ~ 43 6F0; 3
Table 3 Characteristics of Zn F¢ Cu and M n con tent )
anong the B populations in 2007 and 2008 9.41% ~ 43.3%; qZnd qZn6-1
DHE qZn62
Year Trait M in M ax Range Kurbsis Skewness 40 2 27
2007 Z‘n 1438 3763 2.25 080 Q0 , 43 4% 43 6F%:
Fe 1175 3500 2325 -07M Q14
Cu 250 625 375 -0 Q5 2008 A
Mn 625 2125 150 07D 0 4 QTL ( 4, 9 QTL 1
2008 Zn 1838 3438 1600 0 3 048 4567 10 , 1 QTIL,
Fe 1600 3450 1850 -0. 41 () GZn7 40
Cu 175 650 475 0% 0 9
Mn 650 2350 17..00 047 08 38 The; QTL 1
: QTL 4
) 13. 15 ~ 23 0%%; QTL 3,
221 A Mnl 40
A 88 Mnd4 Mn7 DHS§ 2
37% , QTL
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Fig 1 QTL linkagemap to nutrition elamentsZn Fe CuMn in 2007and 2008 for A population
2007 ; 2008 s

Underlne stand for QTL of 2007; Bo l stand forQTL of 2008 The same as below

4 A QTL
Table 4 The QTL detected of Zn F¢ Cu and M n content for A population
(%)
Y ear Tra i QTL M artker mterval LOD Additive effect R2
2007 Zn qZn4 p-um c1058 ~ phi072 4170 335 43 33
qZn61 p phi089 ~ p-um ¢2375 5.23 3 2718 41 33
qZn6-2 p phi299852~ ph#45613 215 - 1561 9 41
Fe qt'e2 bnlgl98~ prum gl252 453 - 5 2167 43 67
qt'e7 bpbnlk1094~ p-mm g0411 4 62 - 5 2061 43 49
2008 Zn qZn7 p-umcl79 ~ phi51 252 - 1 5976 38 77
Fe qiel0 um 2043 ~ p-um c1962 225 2 8056 33 87
Cu qCul pumcl421~ prumcl1082 361 Q 7961 13 15
qCuS5 bnl 1346 ~ p-bnk653 3.07 -0 824 14 08
qCud ph#45613 ~ p-ph 389203 4. 06 -0 8143 13 76
qCul0 pbnk210~ uncl152 379 1 0536 23 03
Mn Mnl pun c1383~ p-phi095 237 -1 188 17 79
Mn4d pumcl574~ bnk589 271 Q 9434 11 21
Mn7 p-umcl79 ~ phi51 3.25 L 8466 42 96
232 B QTL 10. 0%~ 48.80%
2007 B 3, 234 , 10 0% ~
QTL  ( 5), 12 QTIL 123 48 80%, qZn2

46 8 , 137 20.9%0; q/n3  q/Zn4
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Fig 2 QTL linkagem ap to nutrition elanentsZn Fe Cu Mn in 2007 and 2008 for B population
5 B QTL
Table 5 The QTL detected of Zn F¢ Cu and M n content for B popuhtibn
(%)
Y ear Trait QTL M arker nterval LOD A dditive effect R?
2007 Zn qZn2 p~bnkl1520~ bnl198 274 -2 7515 20 99
qZn3 p-um ¢13%9 ~ rbn k1605 2. 03 1 9024 10 09
qZn4 pumcl623~ prum 2135 6. 56 4 1957 48 80
Fe glel ph037~ p-un 1421 2.78 -2 6745 10 23
qk'e2 p-um c1252 ~ pbnll746 2.76 -3 5046 17 57
Fed p-bn k1137~ prbnlg1370 6.78 3 4800 17 33
ql'e6 prum 1653~ prum 2135 8 20 3 7123 46 69
Cu o) p-bnlel 746~ p-un 1736 2.04 Q 3141 16 50
€8 bnk 1056~ p-ph233376 6. 89 Q 5246 46 01
Mn Mnl ph037~ pumc 1421 221 1 2999 11 28
Mnd p~bnkl137~ p-bnl1370 6. 21 2 1094 29 70
Mn8 p-ph 233376 ~ bnl 162 525 -2 4806 41 07
2008 Zn qZn3 p~um 139 ~ p-bnlk1605 2.70 1 4392 12 32
qZn7 pbnl2132 ~ p-phi034 2 46 1 5905 15 05
@nl0 pbnlk2190 ~ um c1196 5. 64 -2 4420 35 47
Cu qCu2 p~um 1252~ p-bnlk1746 7. 89 Q0 8257 68 65
Mn Mn3 p-bnlkl449~ rbnls1951 4. 68 1 1612 20 12
Mn9 1 bnlgl 583~ ph 65 12 27 -2 0376 61 96
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