53

o Rk (opaque—2) F o & FX M

% SEE Bom

BE  ARBUFFEEEATRERIAEEROBERALATEL  WARAH RS
W BEETEALSEZEN ) F BRHE > EHREABEEMER o k—HRE
BEFEREBEROSEEMR » WHERHF opaque- 2 HFH i TR TR KM N
EXRBALEEEMOMEITER

FrAS s B EBELNRIVKE » SEREEAMBER » ALARULERE
$Hp: o (BHENET LRAATRAE R ERESIE R INEARE » s E AT KRR
AN LA P AR RS 55 o

# B

ERBALFEOLEAN  HEABAE—RBI ~10% > ANEAETERREERE T
BELEEEANMR LMREIESE - B Mertz % (1964 33 opaque-2 ERTHREEXERAHTH
MRS Bi% o H—TREIERE - BRIFEER (opaque-2 corn) EEEFHNLMN A BIER
B MEREAENEEMETR « EEENAEHNIFHERERORS > FINERREERER
5 BB ERMEAEEOERS  NEREEXEAENSE  MDAFAAMNFINE » RS
—BERE » ALt SR ERNEAE AR » HERM10%  RERBIYES » LIERSEE
kEARFIREERBA -

KECEEXREARMEGE  LAVBEAENEY - ARENHNRE  BEHRNEBER >
BABEFBNERRTERE—K o GAPRISIEEEREO RS B ZEEMIMRG » #ARME
EXBEHEEZZE -

BMOA B R

EREAESERENTT  HRIBBEMAFARSETHEEEARIRRIGR - Z5HE
%t Burr White 5 » SUERUT R NIM6FERAEAESRRD10.92%4 Burr White 58
tho BEERESEELT.2%MEEARKRT.2%HEERB R

HNEBERBAES ENRETE » MEHLS o East and Jones (1920) BA%EIFS Fu {1
MR, REEEASEETEA2ENE » URVEAESRERMAFLERMIES 5 ik Hayes (
1922) & EEABENE 5 Lindstrom & Gerhardt (1927) %} High Oil x Evergreen Sweet
Corn HyHZe » IR Lisunov (1971) 8% DentxFlint X » ¥9#EEER BB o

FIFFFESESERE (% [HP & ILP) WaEAHARAEE > Ll Hayes (1913) /&
BE . SRS EARRSEES14~15% o KL THP xILP ETHAMEREERA BRI o Frey
(1949) 7kpL THP ILP % 1-198xHy #t P,» P,» Fi» F;» BC, % BC, $#RPREARIE
i - ¥, F, & BC, WERELREFARL T F, HEAEFHER F FHERE T80

1. EEALERRIIFRRE B 020 ¥ o AR ATPEHBEESG S 2 - HILEH o
2. EEEBERBHHR  Hid o




54

ERmBATHE ) MABEEABTRENE o L% Leng K% (1951) L) IHP x ILP 77&#%E F,
EATFHABEES » EEASERTZ2EE

AIfE Aseeva (1972) KR » AIZBEXELE S ESHMTLEME - Golod-kovoskii (1970
) REALZEXRBEAEREOERAR » LRSRSREE AN - Ruskova (1974) LIAfEts
AAMIERET F B F, WEER B EAELEMBESEMOMRERE -

ERALBTEBENEE » TREMERMPE » & Hayes £ (1919) LmEEEERH (
IS% L) RMEEEARS (12%) » HEEAREERAZHCHEATHRER » BETHAAK
ERHSENAL LB THBEES  KEXBEOESERMMKHAERRE - East and Jones
(1920) % Leng % (1951) /8 HFLESE o

Cabulea % (1973) 16 x 6 2% F, ERESESFOER » BH2EAESER Zein &
ENRRMERR B REREANTE Mk Zein BHHEE BT RERMBE o (AR
¥ Fi TREOERFEENPE -Brej (1970) LI6 HEXELTR (EHESE 9.24~13.0%
) #EfTEER s 15 F, 1 F, THERBEFHFEAS » (AEAESBNSRAEFRES ] » i BC,
# BC, ZERESEMBIEE /) » THER% HIH 6 MEARFHHEE0. 1% » TBhHrh 2 —FT Rk
2R EREHS R ERMEREE -

REBMHARE
(=) #H AHEFRZH > BEARABFHFSEAREXR (HP) » EEAESE

(=) ik

L A% a s Bk » ETTIIZ8H A A2ER » Rk F,
Cross I :IHP,, x TA 604 K TA 604 x IHP,,
Cross T : IHP,, x TA 606 % TA 606 x IHP,,
Cross I : IHP,, x TA 614 % TA 614 x IHP,,

MF. BC, % BC, Al{# Cross I HIERZ » Bl (IHP,, x TA 604) x IHP,, B (TA604
xIHPy) x IHP,, LI% (IHP, x TA 604) xTA 604 & (TA 604 x IHPy) x TA 604
FRmEREMA S » BIEHELRH F, % BC, BC, MERL 2 F, RELHLL o

L3 Fi BT ROSFERFTERA » A BLMU HTHE F, BT 1Ll F, HEFEEELS
8 BC, ¥ BC,» AIFRASEEHBEEMELBA » LTHLMES F, BT o R &R AETHER —
FEEE ) MBRTREHNEDEEET THEERMER -

2. HHAE : EFIBA P P, B8 Fy, Fy, BC,, BC, &Hi-fCET » MOAERRIEETHLIRES o
EBTRAZAGHEHEABRBEABETEN » BHBYETE » 5725 REE BEHEOERA
P, P, #F/NE» EREZ Fi &#—/NE» F, £10E » BC L4 5/ & » NEREK=2EE
Axat o ERRERE A IAEEEHBHE ALk » F, 5008 » E2 42508 » F, 50k o

FERBARR » M TR E > BRELRE 0 WEBEZH -

3EAEERIN : ARBERTH > HEMAERIIR 5—6gm Ll Udy Cyclone ¥ » B
KAy 500mg LA Udy REBEREAWESMTERESE » M OERL 2 » £/ 5H2
EmBIIREL

4. B850 REBESREEMZ S RK# PoP,»Fi» F,» BC,» BC, &R EHRE
BEMTHERH#S (Variance of generation mean) BtE#21: (Gamble, 1961) B 75 fni
i (Hayman, 1958) Z=/n&FmLAE » i X? ?ﬁﬂﬁﬁﬁﬁﬁ AR ABFHNEEEANE



5#i2 o Gamble K& M IHEEELRZUIE (gene effects) W :
P,=m+ a—+d-+aa—ad+ %+dd
P:=m— a— ¥d+aa+ad+ tdd
F,=m +3d +1dd
F:=m
BC,=m+ +a+ taa
BC:=m— ¥a+ %taa ,
EFg e m=FH 1 a=RINKE ; d=FEE s aa= (Bx R K ad= (
hnox B 2K 5 dd= (BEME x BtE) BUE -
m, 4, d, ENEZHEEN TR ABRERIAGEELAERTIH0E

P

A r 1 1 —'% -1 Pl

m 1 1 1 1 1 1.

A h1-1-% P,

a |={ 1-1 0 0 %-%| 11 1 1 1 1y

A : }‘ 1 0 '12‘ F1

d -t -3+ ¥ 0 0 0 1-1 0 0 % -3 (D
1 0 0 F.
| “+-% ¥ 0 0 0)
1 % 0 BC,
| _
L1-% 0 BC:.

A (

P1 i 1 1 "12“

P, 1-1-%{(.

A m |

Fio L L 0 | e e e

- | A (1D

F. 1 0 0/, |

A d ."

BC, 1 %+ 0

BC: 1-% 0

%ﬁﬁﬂ;ﬁ?i@L*ﬁf& ﬁu X2 MIEBEEESEASARTINHR - X2 KIRNEEZ
2= (_,AOAF:,) OO PP 1D

X? B >k d.f=3 }rEZ » AR TR 241771 (Inverse matrix) fREfEH om?» oa’fR
od? o .
Hayman [C8 RS m, 2 52 d AOfEBARMTT :
h={2VF, VB (P,+Po+2F) + (VP+2VF) (VB Fy+VF, (Bi+Bo) ) }/2E*
a= [2VB (P,—P,) +VP (B,—B») ) | (VP+4VB)
d= (2VF, VB (2F,—P,—P;) +VF, VB (2F,—P,—P;) +2VF, VF;
(B+B,—P, P,) +VPVB (F,—F,) +VPVF, (2F,—B,;—B.) [E?
stk Byo Peo Fyo B0 By B B: 9BFIHME VP VF, R VF, 2 VB BFGEAEER
55 (Error variances of generation means) o 2E?= (VP+2VF,) (2VF.+VB) + 8VF, VB
AP REREE X MERUTRTERZ
EIIRER X pEMAEEEAEE 0 AIME EEEfEm e a - ds aasadsdd = o 11



56

m=F2
ﬁ=§CI+T2
d=—%P,— ¥ P+ F,—4F,+2BC,+2BC,

ad=—3%P,+ 3P, + BC,+BC,
dd=  P,+P:+2F, +4F,—4BC,—4BC,

I om?>s oa?s od? s o%aa s o?ad K odd WB—BHFEEE G0 :
od?= } 02, + } 02D+ 0?F, -+ 160?F, + 402BC, + 46'BCs

RERRRAR

ERETAAAIERBEAESRNTHEEBEENEL « AR m, 4 & d ZHEEME2 o &
X JIE s HHES3K » X2=17.820 Rt&TEME G+ Cross T4 » X2 {EIHANT. 82 FR
Cross THYIEZZHRAS » LUK Cross I BAFEZENET » T A G KRN RUKIE o EEERB )
MEENERAEE - (RE2) -

KBANBSNER > m, 3, d, aa, ad, ddSMHEMES  45RAASEEELHRM
WHE (additive effect) 5 ATB&ATELA & RINKIERI AN » BIE AT L o

B BN (dominance effect) , Cross T % Cross I RAZHIFEM A EAEEZ » (B Cross T
IEZZH Cross M B HEMKIERAE » BMOBEHE » ERELEBEES o h—EERBEHEE
EREAERZEREWL  ABEEASEREENERETHE—% (Hayes, 1913, 1922 ; Lindstrom
and Gerhardt, 1927; Lisunov, 1971; Frey, 1949; Leng, 1951) o {282 East & Jones (1920)
Ay rh TR (RS R ARLL  TBMMFT B PR E ST 2B » MIMEES SEK - HETRA
fEAR > PIREE T opaque-2 XEMPE A O EXAEBERERA—~ERT » HEREHRKNYEM
FREEAESREMNES (Bauman, #3% 5 R Nelson, 1969; #H: » £BE) o BAWEMA O:
EXEEEFAME > BEEZEE  AEFA—EEERNERERDSE o RILFTEERALEE X
TRMFER o 1758 O £ERHUEXEABSEVENEE » LHHTRAERPENEY » XRBEE
7THT > (H1S S HRBETT - ‘

LR RIANE » B CrossTi#t » Cross T B CrossIl 575 B R x Bin » Bnx Bk » Bk
X BMERV AT RUAE o (KARREER > WHIRBIATR » TRUERR o @ CrossI & CrossIAy d
BIEME » T dd RaE AR RSEBNERLR  IHERESEERLER  TEESS
FUERHLRE (duplicate gene) AIFEHA o

ERE Fy THEMEREETHAUERARENYE - CrossIERLZH F, BHESENT
IMEMEEK » MEAESERZRSERTRMER o B CrossIk CrossIISEH R F, Ty
f& » CrossIIIERA Fy FHEEE 15.41%K 15.21% M EHZEBM 5 CrossIIIERZR F, FHiEE
315.68% % 15.35% » HZERTRA (£1) » BLFRIGHERENPE - At Cross I IFR3H
WER > ATEHESRMIRENYE ERARBEASEEEMIEREN  BEYEE -

ENLDERRBRER  BEXEAESEAEE » (URNKESE » MEAkRZRAERNRS
AARME o TUEEBAEROERE » A RARRGE o TBHNTRBAA G A EEER R
EFIERMEAIE » WEEAERETE LRBEBTREHERE » FREIER I o



#£1. #HREAESEZTHE (%)

Table 1. Mean percent protein of parents and other populations.
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Cross 1 Cross II Cross III
# £ IHPy, X TA6040, i TA6044, X IHPg, IHPg; X TA606,, IHPg, X TA614,
k)T B K K| F B M| KT 8 K| K|F 85 K
P, 15| 16.87+.1571 15| 16.87+.1571 15 16.87+=.1571 | 15| 16.874=.1571
P, 10 14.74+.1678 10 14.744-.1687 9 12.88-+.1645 9 12.814-.3287
F; 10 15.35+-.2948 10 16.07+.1981 10 18.41+4.2404 10 15.68+.2028
F, 148 15.83+4-.0799 154 16.204-.0868 152 15.01+.0775 | 150 18.294-.1133
B, 80 17.454-.0992 80 17.18-+.0824 86 15.93+-.0988 74 16.344-,1436
B, 80 15.25+4-.1113 80 15.26+4-.0983 80 13.73+4-.0949 82 14.904-.1324
P 15.81 1581 14.73 14.84
K% Fy Z5(# : Cross 11 15.21% s Cross III 15.35%
%2. BEXEAEGEEE=MBRERBE KE
Table 2. The estimates of gene effecfs of protein content of opaque-2
corn based on three parameters model.
Cross I 1IE % Cross I f b Cross 11 Cross 111
- m 15.90--.08 16.08:=.06 1497-+.07 158.39-+.08
P 1.204.10 124,10 2.162.10 191,15
# | 024,28 0.36.21 0.62:-.24 093:.27
& X2 91.5851 43.9978 8.1791 14.5619
# | m 16.05 16.17 1493 15.43
% a 1.49 , 1.44 217 1.76
g 024 0.49 051 0.88
;4
o X2 75.0289 30.8885 42233 11.6141
#3. BEXEAESEREERSEAN BRI 2 fHE
Table 3. The estimates of gene effects of protein content of opaque-2
corn based on six parameters model.
R E A fn a d aa ad dd
Cross I IF#| 15.83+.08 2.20%%4,15 1.63**4-,54 2.08%*4-,44 1.14%%4-,19 | —B,17**+,03
Cross I %] 16204 09 1.92%%4-,13 +35+4.49 0.084-.43 0.86%%4-,17 | — 1.214.96
Cross 11 15.01+-.08 2.20%%4-,14 044,49 | — 0.72+.41 | — 0.064.18 1.67*+.83
Cross 111 15.29+4.11 1.44%¢4-,20 2.16%%4 66 1.32%+,60 | —0.859%4,27 | — 2.76%3-1.06
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THE GENE EFFECTS FOR GRAIN PROTEIN IN
THREE CROSSES OF OPAQUE-2 CORN !

Hsiung Wan, T. C. Lee & H. H. Cheng 2

Summary

The inheritance of grain protein in ordinary corn has been reported by many worke-
rs, but not in opaque-2 corn. The purpose of this study is to investigate the gene effects
for grain protein of opaque-2 corn in order to provide information for breeding high
protein opaque-2 corn.

The high protein parent with protein content 17% was a selfing line of Illinios High
Protein o, corn (IHPo;) and three low protein o, parents, TA 604, TA 606 and TA 614
were inbreds developed by the Taiwan Agricultural Research Institute with protein
content ranging from 12.6% to 14.7%.

Three crosses, IHPo, x TA 604, IHPo, x TA 606, and IHPo, x TA 614 and their
reciprocals were made. The grains of F,»F, and BCs’ populations for protein analysis
were obtained in the same crop season in order to avoid the climatic effect on grain
protein. Only the reciprocal cross, TA 604 x IHPo, was used to obtain F, s BC, and BC,
populations. The different populations from each cross were grown in the field using
randomized complete block with two replications. The numbers of plant grown for various
populations were P, and P,, 100 each ; Fy, 50; F,, 500; BC, and BC,, 250 each. The protein
was analyzed by using Udy rapid Protein analyzer. The total number of samples analyz-
ed in this study was 1, 329 (shown in Table 1) . Both Gamble (1961) and Hayman (1958
) formula were used in analyzing protein data.

The results from both Gamble and Hayman formula showed quite in agreement (Ta-
ble 2). Cross II fitted the additive-dominance model while crosses I and III did not. Based
on Gamble’s six-parameter model, it showed that there was highly significant additive
effect for all crosses. There were also significant dominance effects for crosses I and
I11, but not for cross II. The positive dominance effects indicated that high protein was
partially dominant. This result was contradictory to the previous report on ordinary corn

(5, 6, 8,9, 12, 13, & 14) . We assume that this might be resulted from the effect of
opaque-2 gene because the opaque-2 corn always has larger embryo and higher protein
content (Nelson, 1969; Wan, unpublished data) . The low protein parents used in this
study also showed higher protein content as compared with their normal version inbreds.
It was also shown that there were significant additive x additive (aAa), additive x dominance

1. Contribution No. 829 from the Taiwan Agricultural Research Institute. This research was
partially supported by the Chung-Cheng Science and Technology Foundation China.

2. Director, Corn Breeder and Chemist respectively, Taiwan Agricultural Research Institute.
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(ﬁd) and dominance X dominance (d'd) effects in crosses I and III, but not in cross II
indicating that the gene effects in cross II (parent TA 606) were different from that in
crosses I and III (parents, TA 604 and TA 614) . In crosses I and III, the dominance
effects (3) were positive and dominance x dominance effects (dAd) were negetive indicating
that the interaction effects were resulted from the action of duplicate genes. No cytoplas-
mic effect was found in any of the three crosses studied.

Since there are highly significant additive effects in all crosses, it is suggested that
selection for high protein in o, corn is effective. However, rigid selection should be prac-
ticed if breeders are working on this character because significant dominance and intera-
ction effects were also present in two of the three crosses.
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