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Analysis of inheritance model for rind penetrometer resistance in
waxy maize
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Abstract: In order to elucidate the inheritance of rind penetrometer resistance in waxy corn,six generations( P, ,P,,
F,,BC,, BC,, and F,) from the cross Huanjiangnuo X LN12 were investigated with mixed major gene plus ploygene
inheritance model.Results showed that rind penetrometer resistance in waxy corn was controlled by two major genes with ad-
ditive-dominance-epistatic effects and polygenes with additive-dominant effects, and mainly governed by major genes. The
major gene heritability in BC, ,BC, ,and F, were 60. 24% ,53. 58% and 50. 95% ,respectively,and the polygene heritability
in BC,,BC, ,and F, were 19. 34% ,30. 33% and 36. 42% , respectively.The major gene and polygene both played important
roles in the inheritance of waxy corn rind penetrometer resistance, with total heritability of 83. 62% ,indicative of the small
influence of environmental factors.Results presented here lay a foundation for rind penetrometer resistance improvement in
waxy corn breeding program and the following QTL mapping.
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Fig.1 Average rind penetrometer resistance of each
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Fig.2 The frequency distribution of rind penetrometer
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Fig.3 The frequency distribution of rind penetrometer
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Table 1 AIC estimates of different genetic models for waxy maize rind penetrometer resistance
] i N AIC1H i) i RN AIC {8
A-1 IMG-AD 3384.7150 D MX1-AD-ADI 3 341.066 1
A-2 IMG-A 3380.612 6 D-1 MX1-AD-AD 3376.416 7
A-3 IMG-EAD 3475.419 8 D-2 MX1-A-AD 3369.447 1
A-4 IMG-AEND 3 446.667 2 D-3 MX1-EAD-AD 3 355.061 4
B-1 2MG-ADI 3323.238 6 D-4 MX1-AEND-AD 3358.039 7
B-2 2MG-AD 3340.524 6 E MX2-ADI-ADI 3330.541 3
B-3 2MG-A 3965.843 5 E-1 MX2-ADI-AD 3324.625 6
B-4 2MG-EA 3 401.508 4 E-2 MX2-AD-AD 3378.117 17
B-5 2MG-AED 3 641.805 8 E-3 MX2-A-AD 3 355.466 9
B-6 2MG-EEAD 3 640.121 4 E-4 MX2-EA-AD 3346.709 3
C PG-ADI 3340.445 1 E-5 MX2-AED-AD 3 357.016 6
C-1 PG-AD 3371.196 0 E-6 MX2-EEAD-AD 3 356.236 4
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Table 2 Test for goodness-of-fit of genetic model for waxy maize rind penetrometer resistance
TR AR Uy, Uy Us, W2 D,
B-1 P, 0.0122(0.9119) 0.042 5(0.836 7) 0.156 7(0.692 2) 0.068 9(>0.05) 0.047 1(>0.05)
F 0.044 4(0.833 2) 0.173 7(0.676 8) 0.725 1(0.394 5) 0.059 7(>0.05) 0.061 9(>0.05)
P, 7.278 6(0.007 0) = 5.290 5(0.021 4) * 1.558 6(0.211 9) 0.734 9(<0.05) * 0.115 9(>0.05)
BC, 0.043 3(0.835 1) 0.018 9(0.890 8) 0.066 0(0.797 3) 0.044 7(>0.05) 0.006 9(>0.05)
BC, 0.015 4(0.901 4) 0.150 6(0.698 0) 1.149 6(0.283 6) 0.052 3(>0.05) 0.004 1(>0.05)
F, 0.028 0(0.867 1) 0(0.997 6) 0.404 8(0.524 6) 0.039 7(>0.05) 0.012 4(>0.05)
E P, 0.009 5(0.922 3) 0.000 1(0.991 7) 0.1759(0.674 9) 0.071 8(>0.05) 0.051 2(>0.05)
F, 0.001 4(0.970 3) 0.032 4(0.857 0) 0.747 8(0.387 2) 0.058 8(>0.05) 0.068 1(>0.05)
P, 0.000 5(0.982 6) 0.006 5(0.935 8) 0.165 5(0.684 1) 0.031 3(>0.05) 0.042 6(>0.05)
BC, 0.002 1(0.963 6) 0.001 6(0.968 2) 0.000 3(0.986 5) 0.032 2(>0.05) 0.004 8(>0.05)
BC, 0(0.9950) 0.001 6(0.968 2) 0.018 2(0.892 6) 0.026 0(>0.05) 0.019 2(>0.05)
F, 0.007 9(0.929 0) 0.005 7(0.939 8) 0.418 6(0.517 6) 0.048 8(>0.05) 0.014 4(>0.05)
E-1 P, 0.000 7(0.979 0) 0.005 9(0.938 6) 0.168 4(0.681 6) 0.069 9(>0.05) 0.049 8(>0.05)
F, 0.0159(0.899 5) 0.009 2(0.923 8) 0.759 8(0.383 4) 0.061 2(>0.05) 0.070 4(>0.05)
P, 0.039 1(0.843 3) 0.007 6(0.930 6) 0.173 8(0.676 8) 0.035 8(>0.05) 0.045 7(>0.05)
BC, 0.049 0(0.824 8) 0.032 3(0.857 5) 0.019 3(0.889 4) 0.036 3(>0.05) 0.004 6(>0.05)
BC, 0.004 2(0.948 1) 0.022 5(0.880 7) 0.121 3(0.727 6) 0.031 3(>0.05) 0.021 9(>0.05)
F, 0.041 7(0.838 2) 0.002 7(0.958 8) 0.340 9(0.559 3) 0.04 2(>0.05) 0.012 8(>0.05)

Uy, Uy, M Uy AR IR GE T 5, W2 Smimov K5 3855 3, D, 7 Kolmogorov #0481

NTE 0.01 AKFE2EFRFE (P <0.01),

o T RIRTE0.05 K P EFBE (P <0.05) ,”
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Table 3 Estimates of genetic parameters for rind penetrometer re-

sistance of waxy maize under best-fitted model
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d, -49154 || Tume, 19.245 7
d, —49154 | Tu, 6.178 9
h, -4.4977 || fg, (%) 60.240 0
hy -4.4914 | hy (%) 19.340 0
h/d, 10929 | %, BC,  40.5414
hy/d, 1.094 4 || T, 21.722 1
i 0.1313 | T, 12.295 3
Ja 1.6153 [ fme, (%) 53.580 0
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m R RG d b L 5 AR TR R T Ak 2K
TR IS O AR I S AR S S A R
[ sa Fl b A3 HIFCFEG 1 X RSS2 % L h/d AT BAERE [d] .
[h] SERRAEZ R (R AR 0, (o, o, IR
RIATy % FHWTT 2% ZHWT %5 b, (%) by, (%) B (%)
SYI R E I3 R o R R (MR i R+
LIEHRIER)

M B e 240( % 3) &, BC, \BC, . F, FHH
f 38 15 200 51 R 60. 24% | 53. 58% . 50.95% , BC, .
BC, \F, 2 5 [ 0 5t 4% % 3 1 8 19. 34% . 30. 33%
36. 42% ,BC BEKYS F,BEURZEFF 28 )5 B it 45 2 LA
FHER Ry 32, AN [ A S i R R AR AN K TS
. BC, EILHBALF/NTF BC, F, E 5L H 1814
R LR R I AR I, B P AR TTRGVE R 2
A I s AR, I 32 B st A% 3k 5 T LA LN12 4R
Ry 1] A fg [l 5 AR A D0 B VI0RG rh sl ik 3= 55 R
AR y/NEEE SR A S S T o =Y SR |
S AR A 83, 62% , d I T K ZEFT o i o
FEEAZ AL, PRBE P Z X HSE N

3 17 i

TOKZERF 55 B — AN e R R
K F R +Z 5 6 HHER G 4 B 20 M 7 i % 25
FF2E )58 B EAT T 3B 3B AR S5 RASSAHIE]
A F A PRI AR BRI Y R A O 25 AT o 5
JE— MBS 107 22 FRRBR L & 2 B R S5 0
B LR AR T RN s K TN, AR
SR8 e W ZE AT 2 o) 5 B A A R IR R RS ) B
[ Y gt A5 23 R 81, 00% ~ 92. 00% , ifii H. i
P R0 AT A R 37, 30% ~ 65. 20% ) 2 B 7R
S Hu 5550V RRSY 45 0 W 25 R 2 o o R B R
(7 SCas AL LI 2800 5 A in 4 250 mT 43 ) i
Bt 41. 00% 1 59. 00% 13515 75 2% . Heredia 25" Hf
FERIN 12 4> RELP 7 5 5 Z5FF 20 il BE AR OC 1A
3 A7 AT LU B 99. 00% Ay 26 848 5 Flintgaria
SEUTRI 4 ATk F,  BEARS BIRAS 8 4,10 4.8
AN 9 A5G ZEFT 2 50 55 52 AH G 19 BRAKN. QTL, LA K
442 4.0 NFS A AL EAE QTL, H R0
QTL 73 9| fE % fi B 33.40% . 44.70% . 48. 40% F
58.70% [l A8 S . Hu 2508 ) S 41 [ 32 BBt
PRE LR 9 A~ 55 ZEFF 28 0 58 BE AR G Y QTL DA 1
A BV EAE QTL, BN QTL 135t 15 AL Hl
1.15%~12.43%, QTL &7 45 B it i B K ZEFF 48
SR Bt iL 52 BRI S Z LR HE R R 6, o1
B g A R R W ZEFF R AT A 1 Xk
P B D+ i k- P - 7 1k 22 3 PR s A A5 (R D
B | R R AE N 34, 50% ~ 45. 70% , % H:
BAEER T 41, 60% ~56. 30% , XI/NAIAE 2 DL EZH [
2RISR, AIF T 45 SR 2% O 25 FF 2 ) 5k B st %



TR R ORZERT 2R R S A R R AT 757

FFE 3 XF - A0 1 3 3 DR+ i 22 5 [R) 3 45
TR = e DRI 2 5 PR A o) 25 2 ot B ot A% R
P EAEENEN, MATI LSRR, ZEFF
TSR AT A 2 k- - b S SR+ -
BHEZIFIRA SR (R E-1) , X 5FHM 1
X - P TR R+ o - S - 7 M 2 TR s A
RERUFNXR /NN 3 6 - L Avi P 32 3 R + Jin v 22 3
DR 3ot A ABE RN [] T L9 Tl 25 2 fl i B g = S A
XPE PR, | S PO, BAERON | FEHE s A R
MEIRLFBE R YA — M ES X RE 5 5%
AL 58 7 2 LA IR R R A 6, ARBF5E 2
Xof = R R A I O | S MR (B 38 Sk B ), AR
o7 A K 22 5 PR R TIN50 07 A A A5 X8 R T ], T
Sy Ut BT BE R () B AR R0 AE 25T 2 5 B st A% Hh &
VR EEAE N, I TE B G B R SE b S 785 K45
L PR [v) B AR 2007 oy AN U 3 i PR R A5 110 ol s il
ZEFF 2R B (A R L N R A E— R DA Rk F 25
FF2E R 58 SR Y [ 38 R MR A, ARG s il
T oK ZEFF 2 il 5k B ) B JE R L R R 50. 95% ~
60. 24% Z LR 515 58 0 19. 34% ~36. 42% , UiV
ZEAT S5 B () aet 15 LA SR SE I R B (HR 2 I )
YERIAREZM, I, 7638 & Z5FF i 28 J A9 £k B
2 ZR M A R B AT R A R R
R 32 DR 4 v ZE T I S 5 B sl b R N
WU E KA R 2 FE | Z5 5T it 28 Jl A Rh ik &
11 P ST AW A= 674 e 0 A U< 9 i S I 1 N/ T B M RR R
T S ET A R 2538, BV S50 g oK T
IPERCN , 8 3 P + 22 3k P e o T 25 FF 5 o 5 3
80. 00% A _I- () B AR 5 | 15 BH 25T 28 ol 5ig B 5 AT 458
558 114 338 AL Ll ELAZ FRBE 52 00 /0 | 0 502 A AR i
RN E 45 ) ZE AT 28 ) 5k B of HLAT TR A A B2

SE 3k
(1] FARSCARPPARE 436 [ M. JL5 R4l th AR, 2003
92-93.

[2] F O, BKE B F. L ARSUER TSR] AEY 4
5,2008 (4) :12-14.

[3] BECK D L, DARRAH L L, ZUBER M S. Effect of sink level on
root and stalk quality in maize[ J]. Crop Science, 1988, 28(1) :
11-18.

(4] @ W W] A% % AR MR S hiERE I m
WFE[T] AR ,2008,34 (4) :653-661.

[5] ZXEAETEMIKREMRMIITLLI] AR 1984
(4):11-16.

(6]

[17]

(22]

[23]

[24]

[25]

XA, MR FK, MAkSF, 4 BIARN B E R AR | K H:
FR R 2 [ ) ] P EAR 25841, 2010,26(18) :107-110.
B W8 w,E P EETEIR S R Rk AR LR
B R R SAERTSE [ 1] Hofr ARl Bl2% 2008 (12) : 13-15.
MR AL R R, 55 A DR X T KR R0 3 3 JE A 7
Fysgma [ )] bRk Rk 2010, 14 (6) :1-2,6.

NORBER G O S,MASON S C,LOWR Y S R.Ethephon influence
on harvestable yield, grain quality, and lodging of corn [ J].
Agronomy Journal ,1988,80 (5) :768-772.

FERR TS, BOMUE. B AR A ARG X oK ZE A AR
PR R R[], LIRAO B4 ,2014,42(5) « 108-110.
FSCH AR R VR RN RIS R [T ] el
HORIWALEBEEHR, 1998,12 (3) :59-63.

R, ZERGE, AR, A5 A [R] iR 2 7 K S A 2R R R X
5 L IR R R S LR SE R [T] A28, 2011(3) :67-70.
frasae , B8R AT B2, A5 B FOT A R BUER AR D Y
AASRHEIIAT[ )] AR 4241, 2011 ,45(2) 1149-154.
L, BB KRB A IR ST T ] AR 2,
1991,17(1) :70-75.

EHL I8, O T R 2 B B R
[J]. #9241, 1990,20(3) :34-36.

ZUBER M S, LOESCH P J. Total ash and potassium content of
stalks as related to stalk strength in corn[ J]. American Society of
Agronomy , 1966 (58 ) ;426-428.

IhgEAe  PME S IR SF . TOKZE R A R R 5B SR
FIA2E R 5 18] A AR S 347 [T ] BROETT AR B 24, 2012
(4):1-4.

R IYOF Bye-1 BUF KRR I A 3yJ-1 B K22
FRREEE TIPS [ 1], KA, 1994(4) :76-78.

SR A, AR, 45 AR ZEAT B AR R 0tk BE I 5 TR AF
FE[ 1] R A K274, 2000,34(1) :77-80.

F oL, KR R E. FORPUER TSR [T] AR 2
75,2008(4) :12-14.

MARTIN M J, RUSSELL W A.Correlated responses of yield and
other agronomic traits to recurrent selection for stalk quality in a
maize synthetic[ J].Crop Science, 1984 ,24(4) ;746-750.
DUDLEY J W. Selection for rind puncture resistance in two maize
population[ J].Crop Science,1994,34(6) ;1458-1460.

R, i B, . FORPUEMR MR A8 A2 0[],
P4 4% ,2004,13(2) :43-46.

TROT L, AT ok il S R OREEFT R S BTN T I A G
A AT )] F AR ,2006,14(6) :46-49.

MARTIN S A, DARRAH L L, HIBBARD B E. Divergent
selection for rind penetrometer resistance and its effects on
European corn borer damage and stalk traits in corn[ J]. Crop Sci-
ence, 2004, 44(3) :711-717.

FOOb, B iR U, 5F . FORZEFER S BRI AR G AN
WARAHTLT]. ek ,2010,25(S1) :72-74.

JAMPATONG S, DARRAH L L, KRAUSE G F, et al. Effect of

one- and two-eared selection on stalk strength and other characters



758 TLA &l R 2016 4F SR 32 % 5B 4
in maize.[ J]. Crop Science, 2000, 40(3) :605-611. £ SEA BYBFGI[ 7./ Rl K224 ,2013,36(6) : 1-6.

[28] ZUBER M S, GROGAN C O. A new technique for measuring stalk [37] LOESCH P J,ZUBER M S,GROGAN C O.Inheritance of crushing
strength in com1[ J]. Crop Science, 1961, 1(5) :378-380. strength and rind thickness in several inbred lines of corn[ J ].Crop

[29] ANDERSON B, WHITE D G. Evaluation of methods for identifica- Science,1963,3(2) :173-175.
tion of corn genotypes with stalk rot and lodging resistance[ J ]. [38] FLINTGARCIA S A,JAMPATONG C,DARRAH L L,et al.Quanti-
Plant Disease, 1994, 78(6) :590-593. tative trait locus analysis of stalk strength in four maize populations

[30] FINCHER R R,DARRAH L L,ZUBER M S.Root development in [J]. Crop Science, 2003, 43(1) :13-22.
maize as measured by vertical pulling resistance [ J]. Maydica, [39] HU H X,MENG Y J,WANG H W, et al.ldentifying quantitative
1985,30(4) :383-394 trait loci and determining closely related stalk traits for rind pene-

[31] DUDLEY J W. Selection for rind puncture resistance in two maize trometer resistance in a high-oil maize population[ J].Theoretical
populations[ J ]. Crop Science, 1994(6) ;1458-1460. and Applied Genetics,2012,124.1439-1447.

[32] WBHE, SRR, B, 45, KRS FF Y 07 2 U i 5T [40] HEREDIA D O,ALSIRT A,DARRAH L L , et al.Allelic frequency
[J1. ZEJHMT&%?&JO% ,34(4) .47-49. changes in the Mo SCSSS maize synthetic in response to bi-direc-

[33] BERAS. FORPURBEHFHREG AP [ T]. PRl K2E2% tional recurrent selection for rind penetrometer resistance [ J .
41,2003,25(2) :123-126,137. Maydica, 1996 ,41:65-76.

[34] mmBH, Fool], EAR ARG AR R [ M] de st # [41] £ O, XG5, ZRUHF, 5. 5K ZEFF e 28 0 54 BE fo £330 AR st
2 A, 2003. FERFFE[T]. YER=F4R, 2010,35(11) :2133-2138.

[35] B Am B Motk ot & 14 2 0 43 88 Zr A e i T [ 7]t [42] XKL, B6RT, ELm, 5. B K ZEFF 20 5 B 35t 14 BF 5T
f£,2005, 27(1) :130-136. [J]. fEMIZR5, 2014 (4):27-31.

[36] BHI3C,X I, BT AMYEERER M BT Windows

(FAEGE R E)



