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Abstract: [Objective)] The aim of this study was to reveal the influence of pollination methods on grain
quality traits and provide basis for grain quality improvement and molecular breeding through QTL map-
ping of maize grain quality under different pollination methods. [ Method) Excellent maize inbred lines
KA105 and KB020 as well as 201 F;.; recombinant inbred lines (RILs) constructed with them were planted
in Yulin, Hanzhong and Yangling, Shaanxi in 2019. The open pollinated ears from Yulin and Hanzhong
and self-pollinated ears from Hanzhong and Yangling were collected for QTL mapping of maize quality in-
cluding protein,oil, starch and fiber using inclusive composite interval mapping (ICIM) method. [Result])
Protein,oil,starch and fiber contents of RILs population were different between the two pollination meth-

ods. Protein and fiber contents of RILs population under open pollination were significantly lower than
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those under self-pollination, while oil and starch contents were significantly higher than those under self-
pollination. The results of variance analysis showed that there were significant differences in quality traits
among different families and environments under the two pollination methods. Correlation analysis showed
that grain quality traits of RILs population under open pollination were significantly positively correlated
with those under self-pollination. Protein content was significantly negatively correlated with starch con-
tent, but was significantly positively correlated with fiber content. A total of 16 QTLs were detected, of
which 6 were detected under open pollination explaining 5. 84 % —14. 56 % of phenotypic variation and 10
were detected under self-pollination contributing to 5. 69 % —14. 70 % of phenotypic variation. [Conclusion]
Two QTLs of protein content (¢Pro9-1 and ¢Prol0) were detected simultaneously under the two pollina-
tion methods. Two QTLs of starch content(qOStal0-1 and ¢SStal0-2) were detected respectively at two
adjacent positions on chromosome 10 under the two pollination methods. One specific QTL of fiber content
was detected under open pollination and one was detected under self-pollination. Two and three QTLs of oil
content were detected under open pollination and self-pollination conditions,respectively.

Key words: maize; kernel quality trait;open-pollination;self-pollination; QTL mapping;maize breeding
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Table 1 Analysis of kernel quality traits of maize RILs population and their parents

R s #A/9 Parents RIL IR wwy wspmms o 0

Trait  Environment KA105 KB020 populalion Range CV Skewness Kurtosis I—llﬂcritabilitoy
far Ak Yul 9.85+0.01 9.25%+0. 20 9.72+0. 67 8.10~11.52 6. 84 0. 34 —0.28

OPro W+ HZ 11.3740.04  10.5340. 11 10.84+0.82 8.74~12.85 7.55 0.13 —0.36 90. 32
BLUP 10. 61 9.89 10.29+0.53 8.12~12.58 5.19 0.16 —0.32
Wi HZ 11.86+0. 15 10.06+0.53 11.42+0. 84 9.32~13.47 7.39 0.01 —0.39

SPro  ##% Yal 12.0840.09  10.8740.10  11.18%0.95 9.00~13. 65 8. 47 —0.03 —0.53 81.37
BLUP 11.97 10. 47 11.3040.40 10.25~12. 36 3.57 0.10 —0.22
Ak Yul 5.8040. 04 5.6940.62 5.3440.31 4.56~6.11 5.72 —0.14 —0.21

00il W HZ 4.40%0. 27 4.6140.04 4.6840. 36 3.73~5.62 7.78 0.03 —0.16 83.25
BLUP 5.10 5.15 5.01£0.17 4.61~5.39 3.32 —0.10 —0.23
W HZ 4,6440.11 4,6640.02 4,.73740.43 3.50~5.88 9.10 —0.16 —0.20

SOil % Yal 4.74+0. 22 4.02+0. 24 4.8540. 41 3.76~5.90 8. 46 —0.05 —0.14 81.31
BLUP 4. 69 4.34 4,7840.19 4.18~5.22 3.92 —0.09 0.02
Hi#k Yul  74.0240.18 71.71+1.11  73.1540.84 71.05~75.31 1. 15 —0.26 0.08

OSta W HZ 72.7740.39 70.0040. 45 71.54+1.11 68.99~74.17 1.55 —0.16 —0.34 86. 73
BLUP 73.40 70. 86 72.3440.59  70.88~73.92 0.82 —0.13 —0.33
W HZ 71.3740.29  69.854+0.24 70.87£1.90 67.82~73.90 1.68 —0.17 —0.21

SSta e Yal 71.8440. 44 71.1440. 45 71.3941.57 67.21~75.44 2.20 0.17 —0.52 78.60
BLUP 71.61 70.50 71.13£0.52  69.79~72.38 0.73 0.05 —0.44
fa Ak Yul 3.8340. 14 3.40+0.00 3.5540.17 3.10~3.96 4.93 —0.23 —0.20

OFib W HZ 3.79£0 3.13£0.04 3.53%0.18 3.07~3.97 5.07 —0.17 —0.15 87.27
BLUP 3.81 3.27 3.547+0.11 3.29~3.79 3.11 —0.21 —0.46
W HZ 3.72£0.09 3.10£0.23 3.5740.22 2.98~4.07 6.11 —0.19 —0.19

SFib i Yal 4.0240.12 3.13£0.11 3.71£0. 24 3.11~4.35 6.53 —0.25 —0.11 80. 68
BLUP 3.87 3.12 3.647+0.10 3.41~3.88 2.70 0. 00 —0.49

1F : OPro,O0il, OSta ,OFib Il SPro,SOil,SSta,SFib 73 Jil| 7% I B2 8 Hl A 808 F 8 F BT Il 2 e (AP 4R & ik, R 3 Ak 4 Al
Note: OPro,0O0il, OSta, OFib and SPro, SOil, SSta and SFib represent contents of protein,oil,starch and fiber under open pollination and

=

self-pollination, respectively. The same for Table 3 and Table 4.
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Fig. 1 Boxplot of kernel quality traits in maize under different pollination methods
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Table 2 Variance analysis of kernel quality trait under different pollination models in maize(F value)

#Bewy L A 5K R 19 BB el 5y VE B 2 4

Pollination method Source of variation Freedom Protein Oil Starch Fiber
TF ik 52 ¥y 4% Environments 1 631,48 * 630. 75" * 495,72 2.17
Open pollination LT Genotypes 200 4.67% " 2.48" 3.27% 3,427
[ER'EEE ) ¥4 Environments 1 12.71* 2.02 19.78* * 51.49%*
Self-pollination FLPE L Genotypes 200 2.18" - 2,177 * 1.84% 2.11" "

v o« #IRTE P<<0.01 KTV EEFRBE.

Note: * * indicates significant difference at P<C0. 01 level.
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034 043 062 SFib
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Fr—0.03
Kk ok
—0.11—0.03 0.00 —0.04 0.62 SOil L 021
*kk * %k k.
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OPro,00il,OSta, OFib and SPro,SOil,SSta and SFib have same meaning as Table 1; HZ means Hanzhong point,while 1 and 2 represent

repeat 1 and repeat 2,respectively. * , ¥ % , * % % indicates significant difference at P<C0. 05, P<C0. 01 and P<C0. 001 level, respectively
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Fig. 2 Correlation of kernel quality traits in maize under different pollination methods
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Fig. 3 High-density SNP-based genetic map of kernel quality traits in maize
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U B ARG S LOD B2 o 3. 41, 85 e SYfaik &K mE 14 QTL. ¥4 QTL ik
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Table 3 Analysis of QTLs for kernel quality traits in RILs population in maize

ek oL e b5 % i ki Lop | MMEEE /%
Trait Chromosome No.  Left marker Right marker Additive Contribution rate
OPro qOPro9-1 9 147 038 959 147 167 607 3.93 0. 14 5. 84
qOProl0 10 15 720 465 22 407 309 9. 04 —0.22 14. 56
00il qO0il5-1 5 144 226 809 181 226 757 7.99 0.07 11. 44
qOO0il5-2 5 14 102 409 76 102 264 4.84 —0.05 6.29
OSta qOStal0-1 10 13 473 790 18 247 431 5.37 0.20 9.32
OFib qOFib8-1 8 36 489 208 74 507 677 5.22 0.03 12.59
SPro qSProl 1 155 466 006 157 883 215 4.99 0.11 7.91
qSPro8 8 138 424 669 141 829 740 4.16 0.11 6.83
qSPro9-1 9 147 038 959 147 167 607 3.66 0. 10 5.69
qSpro9-2 9 48 213 692 64 378 924 4.14 —0.10 6.47
qSProl0 10 15 720 465 22 407 309 5.20 —0.12 8.34
SOil qSOil6 6 141 174 252 151 230 747 6.49 0.07 12.02
qSO0il8 8 13 920 781 14 005 231 3.82 —0.05 6.77
qSO0il10 10 103 323 300 103 648 742 3.95 —0.05 6.92
SSta qSStal0-2 10 15 720 465 22 407 309 4.03 0.16 8.81
SFib qSFib8-2 8 138 424 669 141 829 740 6.70 0. 04 14. 70

TE:QTL AR a+ M X+ R BRI AT A7 RR 1.2 R — Qe @k ERRE QTL. a B{HA % QTL £ 4 bric e
SESEHA MY IR E ., T ER.
Note: QTL is named with “q-+ pollination method-+ English abbreviations of nutritional quality traits +Chr”;1 and 2 indicate different loci

on same chromosome. a means the physical position of left or right marker of the QTL in reference genome. The same below.
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)
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A AR F N 6% 15 PR YR B+ B A5 5 K 1Y K BE L OPro., SPro, O0il, SOil, OSta, SSta,OFib, SFib i QTL W4 ;
EO R BRI R QTLs AP B IX 8] 5 JK (052 2640 R W HL . LOD H{H K 3. 41

The circles from outside to inside sequentially show length of all chromosomes, QTL mapping for OPro,SPro,OOil, SOil, OSta, SSta

OFib and SFib. Purple shade shows physical range of detected QTLs. Gray solid line represents
the threshold line,and LOD threshold value is 3. 41
B4 FRKPRLER BI04 AR RIET 4E & i QTLs fEQ ik i /0 A

Fig. 4 Distribution of QTLs controlling kernel protein,oil,starch and fiber contents on chromosomes in maize

2.3.1 E&a K/ QTL &4 WA EH I TR
M7 A~ 5EAREEAAHLK QTL, /i 7 1.8.9,
10 SHe Ak b RAFRERA T 5. 8490 ~14. 56,
Hrpgr =m0 24 QTL, A HM &R 5
A QTL. 7P Rh 28y 25 18 T 6] — DX B Aar i) 21 /Y
QTL A qOPro9-1/qSPro9-1 (fij B qPro9-1) Fi
qOProl0/qSProl0 (f&] #% qProl0), qPro9-1 ¥E JF
JBCEZ By R 3C B A5 0F T 4k B R R 5. 8400 NI
5.69% Y R A AR S, A M AR A7 AR KRR T BE AR
KA105; 1M qProl0 7E IR 8 Fl H 52 80 4514 K 43
B RE 14,56 00 F1 8. 34 06 (1 AU AL S, A7 ) 45 i K
PR IR T A KB020, 78 [ 38 #2832 1 T Al
F3AHHEA S EMECHR R QTL, 70 4
qSProl .qSPro8.qSpro9-2(3k 3, 4),

2.3.2 gy QTL &4z ARG A28 7 T il

4y Fr i BLUP {H 8 LA 2] 5 4~ QTL, HA JFiK
B FAMT 24, AL AMT 34 04 T4
5.6.8.10 Sy K |-, B> QTL i Fe 1Y & B AL 53
AT 6.29%~12.02% ,qO0il5-1 F1 ¢SOil6 ] fif B
M FRIAS SR T 102, I E8 QTL, H qOO0-
il5-1 4 FI 55 40 3 ROk I F AL A KB020, qSOil6
A ROR IR T AR KAL105(F% 3,8 1),

2.3.3 o QTL &5 PR Jr 20T HeAa i
B 2 A5 UER & R AW QTL, I k0 i F 38 42
WA NS LA B0 F 10 S 3@k b, qOS-
tal0-1 F1 ¢SStal0-2 4y W ff B F AU AR TRy 9. 32%
M 8.81%,2 4~ QTL A FI &5 v 5 P ) ok I F BE A
KA105(3% 3, Kl 1),

2.3.4 #4 QTL =45 P 2K 5 20T A
B 2 AN GRS ARG QTL, JF i #2 0 Fn A 38 2
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519 %

MAMETA 1A H06T 8 Stk b, JFis
¥y A R R B qOFib8-1, BTk %k 12,59 %5 A 3¢
BB AT T RN B gSFib8-2, SRR 14.70% . 2
A~ QTL A3 M 457 JE PR I F R AR KA105 (5% 3, &
4,
2.4 NHEAFEAEMESET QTL EMLHH

RIS e ) B 2R 47 T 28 352k I i 42 i
B o BOAHIE 58 LA R 0 JF R T IR — 3R 58 R R [
Bk QTL E QT a5 R Wk 4, & 4 0]
DU s e AL B 18 A QTL A &, Herh JF s ¥y
T84, HACHM T 10 4, 54~ QTL fif By & A AR
SR 3.09% ~16.23% . WS IF NS AR
¥R 43 ) A I B 0 & T & A OC QTL (ghzO-
Prol0-1 F gh=SProl0-2) JLF-#% & v 1 7] — X B¢ .
HiZ X BRI T BLUP (E 1 QTL & i b
52 43 7 2N A I 3 L B A s AR A L A

A3 3R, qhzOProl0-1,qghzSProl0-2., qO-
Prol0, qSProl0 1y 5T #ik % 43 %l & 14. 81%,
16.23% ,14.56 % F18. 34 %, B W] qProl0 A T K Af
LA BT B 4% QTL, A] PR Sy 6K &b J5i 43+l
BB Fp s 7 2. RRE 22 DU SRR B 5 B
ZEAZ AT K B A YE By & A 56 QTL(gh=OStal0-
1 Fl qh=SStal0-2) LA B AW 5% vf A 9 21 1Y) gOS-
tal0-1 5 ¢SStal0-2 (& 3) ¥ & M L2 4B 1 X Bt
FEDCH S FE R B R R 3 4 9 4 B B AH DG QTL
(ghz00il5-1 Fl gh=00il5-2) 43 5| 5 A B 58 4 1) )
1 qOOil5-1 Fl qOOi15-2 (32 3) 1 72 v 7F [7] — X BE .
G ) 1) £F 4 B B A ¢ QTL B & T 82 By
H) ghzOFib8-1 K B & % ¥ Wy qhzSFib8-2 4y 5l 5
AW SR B 1) qOFib8-1 J qSFib8-2 {3 F [a] —
X B,

F4 NHEEXRFHNGAEERS QTL B4
Table 4 Analysis of QTLs for kernel quality traits in Hanzhong in maize
AR QTL PSRN fekRig FikRig LOD ﬁﬂ‘fiﬁ_(ﬂj ﬁﬁﬁ?/%
Trait Chromosome Left position Right position Additive Contribution rate
OPro qhzOPro4 4 173 631 701 173 825 803 3.63 0. 20 6. 60
qhzOPro9 9 145 037 762 147 167 607 4.99 0.24 9.66
qhzOProl0-1 10 15 720 465 22 407 309 7.69 —0.31 14. 81
0O0il qh=z00il5-1 5 144 226 809 181 226 757 6.40 0.13 11. 70
qh=z00il5-2 5 14 102 409 76 102 264 4.55 —0.10 7.69
qh=z00il6 6 149 847 213 149 872 600 4.25 0. 10 7.12
OSta qhz0OStal0-1 10 13 473 790 18 247 431 5.21 0. 37 8.95
OFib qhzOFib8-1 8 36 489 208 74 507 677 3. 64 0.05 7.93
SPro qhzSProl 1 114 849 520 115 306 380 4.95 0. 24 9.39
qhzSProl0-2 10 14 570 120 22 645 220 8.02 —0.33 16. 23
SOil qh=S0Oill 1 178 503 841 188 086 226 4.03 —0.11 3.09
qh=zS0il2-1 2 213 469 356 213 755 493 14. 32 0.22 12. 71
qh=zSOil2-2 2 211 634 376 212 255 170 5.77 —0.13 4.54
qh=zSOil2-3 2 199 157 250 199 227 767 10.02 —0.18 8.23
qh=SOil6 6 153 693 039 155 675 822 7.46 0.16 6.25
SSta qhzSStal0-2 10 14 570 120 22 645 220 4.57 0. 38 11. 54
SFib qhzSFibl 1 45791 616 46 688 275 4.32 0. 06 8.72
qhzSFib8-2 8 138 424 669 141 829 740 5.99 0.07 11.48
3 iTj‘ i/E\» ¥ J7 A A B B gProl0 (qOProl0/qSProl0)

A0 2 F0UE K S A T KRR Y 32
I Gy R AN [6) FE TR0 B R B QTL 7 o7 45 1 4%
A5 FY . AW R KA105/KB020 44 £ (1
ISR %Nl S N A = S D N R B 4
B EAL 5T AR S R B R I A AR £ L[]
QTL: (1) 7E P A2 k3 75 0T Xk I 3] i) 2 1 o &5
EAH XA qPro9-1(qOPr09-1/qSPro9-1) 5 Zhang
FEUENML BN q2Bp9-1 7 F AR A bin X [8] ; FFf

Y Zhang %' € {7 F B ¢3Bpl0-1, ¢2Xpl0-1,
q3Xp10-1 DL J B i 28 % 2 A7 8 % gProlo, Li
=01) 52 7 B ) gPRO2-10-1, 2% e i 2070 52 o7 2 1y
qPRO10a  f [ 52 551 g A7 811 g pel0_1 4 F i) —
bin DX, (2) 5 A 4520 o7 2 m] A6 0 2 49 58 A
B XM ¢Stal0-1(gOStal0-1/¢SStal0-2), 5 7
T HE S TE L BN gstarcl0 Fl 4% A B AR 5 A B
M ¢STA10-1 {ii F[d] — bin, (3)Li 29 F] FH 368
1y oK H 28 F AL OCHC A A A DU 2 1 3 A4l 43 A
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X P GRMZM2G065194 ., GRMZM2G439195 Fi
GRM-ZM2G035779 , i T A o 5% vh 46 T 21 1) OO~
i15-2 X ], HiZ X i 5 Yang %2 @& A 88 gEE-
WRS i TAH[] bin I 3;¢00il5-1 5 Yang %% 5 fii
BN Oils B R B 2 MBI qOil5-3 £ F 4 [H)
bin X, Z& LRFik . AWF 55 K 2 9 QTL Ay 8
A QTL i 53 76 S/ 0y B 58 rh Bl A I 21, 534 7 5.
9,10 SRR o, AT 1.6.8.9.10 5§ A fk
RS A 84 QTL AW s Bk I 3 1y QTL, 2
EEAR S EAMH L QTL-¢SProl .qSPro8.gSPro9-
294 B A G QTL-¢S0il6 ., ¢S0il8 ., qSOill0, 4F
YoM QTL-qOFib8-1.¢gSFib8-2, X ¥ QTL
B 30T 2 75 A7 A 48 T T KRR i B PR Y B R 1 T
HE— 25 B0 3E M2 4 .

ENTIEREE STRTNMNIE [k 3 il SR R E Nl =
AT AE R S A W TR R AW SR A
ZEAZ M L FE TR Ky B A R T R KRR b B B AR A
Y BB TR T I 2 DA R VE A
ETE X = RN E EE g I B € 7 i S I a1 |
TER AR B . T K A3 B T OKORFRL A T 1)
BLAR bR E KR T i BE SR BEAR A AT
I T RE % A 250 b 300 By 9680 5 A B 3 47 Bl Tk R Ak
R, B ER N B m i ESRmES
ZEUEM A s TE B 2 T OKORF R I B — K IR
2y i BB B 70260 CRWESE R 67. 2106 ~
T5.4TY0) s FRKFRL = B AR KRR L BT UE By
A BA MR, B, AW 5845 3 0] o e
FAF AR S %,

4zt B

AT R 201 43 T oK H 28 F S H R A TE T Fil
O ST 3 A b a5 %) 2 B X R AT R b JB P R
1) BLUP {H#E 17T QTL 2 i, 45 R AL I 2 16 4> 5
JEPEARAE DG QTL, i FF I8 0 25 47 A i 1) 6 4>
QTL. A &M 4 PR 2] 10 4~ QTL, A 5 4
QTL f B RM AR K F 104, 2 5EARE
AR QTL(gPro9-1 1 qProl0) a] LA [A] i 75
5 77 20N R 3 52 8208 J7 AR S )N . B A
BB T RIE 3 A5 E A A EAACKRS QTL;
PR 24 T 2R AE 10 5 e € 0 Y i 05 7 1 45 A il
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