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Classifying Heterotic Groups of Super-sweet Corn
Inbred Lines by Combining Ability and SNP Markers
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LU Sheng-qiao, WEI Gui-wang, LYU Ju-zhi
( Maize Research Institute’ Guangxi Academy of Agricultural Sciences , Nanning 530007 )

Abstract: Classifying heterotic groups of super-sweet corn inbred lines, selecting inbred lines of high
combining ability and constructing new stronger heterotic groups could provide basis for breeding excellent sweet
corns. 23 self-bred super-sweet corn inbred lines were used to make up 60 ( 3 x 20 ) hybrid combinations with
NC II design to classify heterotic groups by analyzing the combining ability of yield and 56K SNP markers. The
results indicated that the average heterozygosity of 23 inbred lines was 2.59%, and the homozygosity was higher.
Except for GX06 and GX10, GX14 and GX15, GX16 and GX17, the genetic similarity between the inbred lines
was less than 90%, which could be used as different inbred lines in breeding. The positive effect value of GCA
in yield of the tester line GX21 and the tested lines GX01, GX03 GX12, GX13, GX18 was higher and they were
excellent inbred lines. The results of evolutionary tree, PCA and clustering diagram of SCA classified the 23
super-sweet corn inbred lines into GX21 group, GX22 group and GX23 group. GX22 ( HJZ33 ) group was named
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the male parent group, including 5 inbred lines ( GX02, GX11, GX19, GX20 and the tester line GX22 ), GX21
( GTL273 ) and GX23 (' YC26 ) groups were named the female parent groups, including 18 inbred lines ( GXO1,
GX03-GX10, GX12-GX18 and the tester lines GX21 and GX23 ). The results of SNP markers agreed with
SCA of yield basically and using SNP markers to classify heterotic groups could shorten the corn breeding cycle

significantly.
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Table 1 23 super-sweet corn inbred lines

s EA P/ 3 s EA p 2l

Number Name Source Number Name Source

GX01 ET1048-H AN GX13 XT90133 ST 90

GX02 HJF-H 1Y GX14  XT901612 JeHi 90

GX03 US2121 I EK GX15  XT901613 JHT 90

GX04 GTL2937 LHEFEAR GX16  XT90M211 St 90

GXO05 GTL1239 SR K GX17  XT90M212 JEHT 90

GX06 S301122 ENEHIE S GX18  XT90M313 St 90

GX07 S301123 EN IR S GX19 ZT68M 1EFIT 68

GXO08 XT5HI11 Sl s 5 GX20 GTL270 TR CHERT 171 504

GX09 XT5H23 SEllt s 5 GX21 GTL273  ZEEE KIS SCT335 (FERT 181 BlAS )
GX10 XT5HM St s 5 GX22 HIZ33 Y (HHT 181 FIHERT 161 404)

GX11 XT9OF S 90 GX23 YC26  SEEFRTEAAASR 3451 CHET 161 FE:Rlt 171 BEAC)
GX12 XT9OM JeEH 90

1.2 REHE A R 32 BB 2 5% (‘miss ) <0.1 /)N 45 o7 5 PR R
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Table 2 Heterozygosity of the 23 super-sweet corn inbred lines (%)
5% ek || e ek || e ek || G EE
Number Heterozygosity || Number Heterozygosity || Number Heterozygosity || Number Heterozygosity
GX01 2.04 GX07 233 GX13 2.58 GX19 4.24

GX02 2.04 GXO08 3.32 GX14 2.62 GX20 2.19

GX03 2.17 GX09 2.49 GX15 2.63 GX21 1.95

GX04 3.15 GX10 2.19 GX16 2.36 GX22 2.64

GXO05 3.22 GX11 3.18 GX17 2.29 GX23 2.14

GX06 2.15 GX12 2.33 GX18 3.28
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Table 3 Genetic similarity between the 23 super-sweet corn inbred lines

LA

ol

Genetic GX01 GX02 GX03 GX04 GX05 GX06 GX07 GX08 GX09 GX10 GX11 GX12 GX13 GX14 GX15 GX16 GX17 GX18 GX19 GX20 GX21 GX22 GX23
similarity

GXO01 1.00 0.66 0.62 0.62 0.60 0.61 0.61 0.61 0.62 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.60 0.66 0.62 0.62 0.66 0.61
GX02 0.66 1.00 0.59 0.60 0.60 0.61 0.61 0.60 0.61 0.61 0.61 0.61 0.61 0.60 0.60 0.60 0.60 0.61 0.59 0.61 0.62 0.76 0.61
GXO03 0.62 0.59 1.00 0.68 0.62 0.58 0.57 0.57 0.57 0.58 0.57 0.56 0.57 0.56 0.56 0.57 0.57 0.56 0.57 0.57 0.58 0.59 0.61
GX04 0.62 0.60 0.68 1.00 0.64 0.59 0.58 0.58 0.59 0.60 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.59 0.59 0.61 0.62
GXO05 0.60 0.60 0.62 0.64 1.00 0.64 0.65 0.65 0.65 0.65 0.66 0.66 0.64 0.64 0.64 0.66 0.67 0.66 0.59 0.59 0.66 0.60 0.61
GX06 0.61 0.61 0.58 0.59 0.64 1.00 0.88 0.78 0.81 0.90 0.68 0.70 0.70 0.69 0.69 0.68 0.68 0.70 0.60 0.62 0.75 0.62 0.61
GX07 0.61 0.61 0.57 0.58 0.65 0.88 1.00 0.76 0.77 0.88 0.68 0.67 0.67 0.67 0.67 0.69 0.69 0.69 0.60 0.61 0.77 0.61 0.61
GXO08 0.61 0.60 0.57 0.58 0.65 0.78 0.76 1.00 0.82 0.83 0.67 0.72 0.69 0.72 0.72 0.73 0.73 0.69 0.60 0.61 0.71 0.61 0.61
GX09 0.62 0.61 0.57 0.59 0.65 0.81 0.77 0.82 1.00 0.85 0.69 0.72 0.71 0.71 0.71 0.70 0.70 0.68 0.61 0.62 0.77 0.62 0.62
GX10 0.61 0.61 0.58 0.60 0.65 0.90 0.88 0.83 0.85 1.00 0.70 0.67 0.68 0.68 0.69 0.68 0.68 0.70 0.60 0.61 0.76 0.62 0.62
GX11 0.61 0.61 0.57 0.58 0.66 0.68 0.68 0.67 0.69 0.70 1.00 0.65 0.76 0.74 0.76 0.77 0.75 0.78 0.62 0.61 0.69 0.63 0.63
GX12 0.61 0.61 0.56 0.58 0.66 0.70 0.67 0.72 0.72 0.67 0.65 1.00 0.83 0.87 0.85 0.79 0.79 0.80 0.60 0.61 0.70 0.62 0.61
GX13 0.61 0.61 0.57 0.58 0.64 0.70 0.67 0.69 0.71 0.68 0.76 0.83 1.00 0.82 0.82 0.75 0.76 0.77 0.62 0.61 0.71 0.62 0.62
GX14 0.61 0.60 0.56 0.58 0.64 0.69 0.67 0.72 0.71 0.68 0.74 0.87 0.82 1.00 0.97 0.82 0.80 0.79 0.61 0.60 0.68 0.62 0.60
GXI15 0.61 0.60 0.56 0.58 0.64 0.69 0.67 0.72 0.71 0.69 0.76 0.85 0.82 0.97 1.00 0.82 0.81 0.78 0.61 0.60 0.68 0.62 0.60
GX16 0.61 0.60 0.57 0.58 0.66 0.68 0.69 0.73 0.70 0.68 0.77 0.79 0.75 0.82 0.82 1.00 0.94 0.77 0.62 0.61 0.70 0.61 0.60
GX17 0.61 0.60 0.57 0.58 0.67 0.68 0.69 0.73 0.70 0.68 0.75 0.79 0.76 0.80 0.81 0.94 1.00 0.77 0.62 0.60 0.70 0.61 0.61
GX18 0.60 0.61 0.56 0.58 0.66 0.70 0.69 0.69 0.68 0.70 0.78 0.80 0.77 0.79 0.78 0.77 0.77 1.00 0.60 0.60 0.69 0.62 0.61
GX19 0.66 0.59 0.57 0.58 0.59 0.60 0.60 0.60 0.61 0.60 0.62 0.60 0.62 0.61 0.61 0.62 0.62 0.60 1.00 0.60 0.63 0.61 0.62
GX20 0.62 0.61 0.57 0.59 0.59 0.62 0.61 0.61 0.62 0.61 0.61 0.61 0.61 0.60 0.60 0.61 0.60 0.60 0.60 1.00 0.62 0.60 0.61
GX21 0.62 0.62 0.58 0.59 0.66 0.75 0.77 0.71 0.77 0.76 0.69 0.70 0.71 0.68 0.68 0.70 0.70 0.69 0.63 0.62 1.00 0.63 0.64
GX22 0.66 0.76 0.59 0.61 0.60 0.62 0.61 0.61 0.62 0.62 0.63 0.62 0.62 0.62 0.62 0.61 0.61 0.62 0.61 0.60 0.63 1.00 0.62
GX23 0.61 0.61 0.61 0.62 0.61 0.61 0.61 0.61 0.62 0.62 0.63 0.61 0.62 0.60 0.60 0.60 0.61 0.61 0.62 0.61 0.64 0.62 1.00
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Fig.1 PCA diagram of the 23 super-sweet corn inbred lines
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Table 4 Relative effect value of GCA in yield of the 23 super-sweet corn inbred lines

e GCA fH o GCA fH . GCA fH
N;ﬁmZer Value of Rfjfng N;ﬁm:er Value of Rf:lfng N;ﬁmj:er Value of Rf:lfng
GCA GCA GCA
e GXo01 5.95 4 CALES GX11 -0.72 11 HIESES GX21 6.19 1
Thetested  Gxo2  -15.07 20 The tested  Gx12 8.40 2 Thetest  Gx22 -7.43 3
fines GX03 10.58 1 lines GX13 6.34 3 fines GX23 1.25 2
GX04  -1141 19 GX14 -1.67 14
GX05 -9.10 18 GX15 -1.41 13
GX06 -4.10 16 GX16 3.59 8
GX07 -4.03 15 GX17 -0.81 12
GX08 -6.80 17 GX18 5.29 5
GX09 4.54 7 GX19 5.09 6
GX10 2.10 10 GX20 321 9
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Table 5 Relative effect value of SCA in yield
Hikey SCA i HE# Hikey SCA fii HE# Hikey SCA i HE#
Combination Value of SCA Ranking Combination  Value of SCA Ranking Combination  Value of SCA Ranking
GX21 x GX01 -1.68 36 GX22 x GX01 3.83 17 GX23 x GX01 -2.15 38
GX21 x GX02 4.01 16 GX22 x GX02 -7.21 52 GX23 x GX02 3.19 20
GX21 x GX03 9.36 GX22 x GX03 -0.15 33 GX23 x GX03 -9.22 57
GX21 x GX04 7.64 GX22 x GX04 -1.75 37 GX23 x GX04 -5.89 48
GX21 x GX05 9.23 5 GX22 x GX05 -0.54 35 GX23 x GX05 -8.70 54
GX21 x GX06 -15.99 60 GX22 x GX06 6.34 10 GX23 x GX06 9.65 3
GX21 x GX07 -8.97 56 GX22 x GX07 6.26 11 GX23 x GX07 2.71 22
GX21 x GX08 -11.64 59 GX22 x GX08 2.67 24 GX23 x GX08 8.97 6
GX21 x GX09 -9.28 58 GX22 x GX09 -4.02 45 GX23 x GX09 13.29 1
GX21 x GX10 -3.99 44 GX22 x GX10 3.46 19 GX23 x GX10 0.54 28
GX21 x GX11 2.68 23 GX22 x GX11 -3.89 43 GX23 x GX11 1.20 26
GX21 x GX12 6.39 9 GX22 x GX12 0.50 29 GX23 x GX12 -6.89 51
GX21 x GX13 1.67 25 GX22 x GX13 0.97 27 GX23 x GX13 -2.63 41
GX21 x GX14 -2.48 40 GX22 x GX14 4.76 15 GX23 x GX14 -2.28 39
GX21 x GX15 6.70 8 GX22 x GX15 -0.35 34 GX23 x GX15 -6.35 50
GX21 x GX16 =571 47 GX22 x GX16 0.29 32 GX23 x GX16 5.48 14
GX21 x GX17 -8.62 53 GX22 x GX17 3.11 21 GX23 x GX17 5.52 13
GX21 x GX18 3.58 18 GX22 x GX18 0.45 30 GX23 x GX18 -4.03 46
GX21 x GX19 5.60 12 GX22 x GX19 -5.99 49 GX23 x GX19 0.40 31
GX21 x GX20 11.56 2 GX22 x GX20 -8.74 55 GX23 x GX20 -2.82 42

HATRISIHIFFLHIRIE R . TEMILL RS 1.1 4bn]
20 MHETEOR A R0 325,55 1 B dE
GX09.GX16 % 6 I~ H 3Z &, 4% 2 KR GX20.
GX11.GX19 f1GX02 #: 4 AT R, 55 3 KB
#5 GX15.GX12.GX04 % 10 AL R (E2), 4
1 288 5 0 56 & GX21 A9 SCA {H 4 R T fA, 2F 2
FREL GX22 1 SCA H 4 M fAfE, 2 3 51 4y

GX09

GX16
GX17

R 2ASERE, 5 1R GX15.GX12 % 5 1M A
L F, 5 GX23 [ SCA{E 4 I H, 5 2 WAFAL S
GXI18.GXI13 % S PMAX R, HA T GX21 il GX23
) SCA{E A T A (1 3) 5 BT L5 1 SHE IR IA 25
9 GX21 BE, 565 2 8BEIASE A GX22 BF, 26 3 2RBEEH
13 BE S GX23 B, 26 2 W AE 7T LLJE GX21 Bf el &
GX23 #.

GX08
GX07
GX06
GX20

GX11
GX19
GX02
GX15
GX12
GX04
GXO05
GX03

L]

3-1

—]
—
—

GX18
GX13
GX10
GX14
GX01

T

R

3-2

1.00

BALAHLREL

2.00

Heritage similarity coefficient

fdEH] DPS A5x4 SCA BRI A RERZSM IR 7, T LR 24

Sy 20 MR

Cluster analysis of yield SCA using DPS software cannot cluster tester lines, so the result only contains 20 tested lines
B2 20 D@ ERMPKIRELE

Fig.2 Clustering diagram of 20 super-sweet corn materials



144 Al 45 AT SNP bric 2 BC & J1 R R oK A 28 R e ML 171

GX01GX02

/N8 SCA {8
SCA value of plot yield
|

-16 - GX06

B GX21 O0GX22 B GX23

#H-4; Combination

B3 60 MAGHTE SCA HEHE
Fig.3 Bar diagram of SCA in yield of the 60 combinations

3 itig

A Cly/ie Y (£ =B Lo ) P i ik s e Y A
— JBETC A e A SRR A, AT DU T 2 1
[LRRA A=A UL WSl = Bl S oF B s L
RENZ T AL VE AT B JL 34 A5 A I AR ARl 2 P g A
R R L ARE R B 58 RAATALRL, REBE I
BRE B, NI s B R X 22 i 2 i i
WA Ak R Y, SNP ARIC B A i
it Kt o TS A S A SRR A, AT LA R
K H AR 2 0] A A B s A ML, R 2y
B RN AR RO S R 23 O T B 0, ER AR
R I S B A, LR [ N AME R T I
Fe A Pk BT e R B A I H R R AE N
FERfRARE, [ 3B A BC B A T 4 AE T Y BAsS
FEst F ) — B AR R AL 22 52 M R S ik B B M H
FRUYL AW W] 23 ST E K [ a2 &b
I 2 GX21 B 77 5 GCA 1F [ &% W 55 K, 7677 &
PR R R A H 28 &R 5 20 A8 R GXO1,
GX03.GX12.GX13,GX18 /5 GCA IF [ &5 i {8
BRI X SR R 25 B 4H B R R A AL A, el
% GX02.,GX04,GX05,GX06,GX07 Fl GX08 i
T 2507 AL 358 K, ) 3 8 A ek — s S 25 5 4 T 11
PG 60 N A A HL A, K2 H SCA = 1Y)
A, HOBEEE 1A F AR GCA g &, [H il
HA B A SCA By, i BUGE I GCA HIA &, 4n
GX22 x GX06, 3% i 45 8 2 A B 45 AR 0.
T R 22 R Y R R GCA
(4 H 28 T AR AR A A sc L A R S, IR A I3
filt 3 SCA M £, A T RE IR B0 24 2 41
G0 XULABIFEAT RN, 3535 SR, Bl G 145
B a4 R A 52 AT

AFFERE I R 3 NAFETHRZ R
GX21,GX22 1 GX23, # b # . PCA 43 ¥ K¢ 23 4
FEEH Tk A 22 R R GX21 BE L GX22 BEAl GX23
T3 ANIEBE, RS R — 2 20 N RFIN R 77 1 SCA
RAELERS SNP S BEGE R 24 KA 2 W6 1Y, 1
SNP 43 Thric LIMEY) i DNA M #IF5ExF 4, FHiE |
AT HEBR PR A g0 25 5 B s e, 78 ik AT DR A
S3HT , TR b 2R A3 LR W, T LA B4
FNZR AP A3 A HECS T1 501 2 /D5 2
BRI ZE (— R, — =500 ), NiXAE X L
K SNP B i £

MR B Fh 22 55 R o hm e kRl 4 e Al
PR T — B RO T ThRic S
SCA B A TREE, 2 — 45 AR —2mt, W LUs &
o, X HE AR A I PCA B B SCA JISE W] LU
A i, GX22 B L[ 2, 1B GXO01 Fl GX22 41 it
[ 41 4 7= | SCA {H M 1E A, GX11 F1 GX22 41 [id
205 77 i SCA H A 7UE, T DL GX22 Bf s 441
B H R RN GX02.GX11,GX19, GX20 K il 5 %
GX22 H B354 A8 R, GX22 /& 2018 4F ) 1Y
HEHG FIG DO 8 O oK a AP RS 161 F12019 4F
IV G B IR DX R RO R 181 1AL
A, GX23 F1 GX21 43 il & FEHH 161 A6l 181 1Y
RS Fie HR 52 [ 3\ 78 b R 4806, S 1T 2 P I 40
G I E A R ST RE PR TR R 2 A2
PEAARE S AR GX22 (HIZ33 ) BEAZE AL A
#, GX21 (GTL273) #EFI GX23 (YC26) B IH 45>
BEAHE, FT LAACARE GX22 (HIZ33 ) BEAL & (1 #1k
4 GX02.GX11,GX19,GX20 & I % % GX22 H
BIL S A AZR BEARTAS A GX21 #F 1
GX23 #H A & 0Y Fr A7 B KE, B GXO01., GX03~GX10,
GX12~GX18 K il % & GX21 1 GX23 3L 18 4~ A



172

moY o &

i3

B

22 ¥

Lo HPACARRE R H 2 &R GX20 J& 2018 4F)
PEAL I F 96 DX 2 0 RO SRR 171 9504,
REARBER A 28 R GX23 SRt 171 B9EEAS, A
T E T ACAFE A B R A A FRAY . X sk
HAE DO K SS R PA 1 REA LRI AR TR
1 A B, LAN FI PB 1E N ACASERITEATR N B Y
B E—H,

S 3k

(1]

FEBEAR . REFER AR IR SR RS Boe ik
AR, 2014 (10 ): 146-148

Wang X D. Research status and development trend for breeding
sweet corn in China. Heilongjiang Agricultural Sciences, 2014
(10): 146-148

F s, AR, E R, A RUE, X0
J& . EREE, 2007, 15(6): 47-50
Wang N, Shi Z S, Wang Z B, Li F H, Liu F. A review of studies
on sweet corn quailty. Journal of Maize Sciences, 2007, 15 (6 ):
47-50

AR VLA T F K R IR S X SRAT I . Bud « HTER
2£,2009

Zhao J H. Studies on current status and development

it K i B 5

countermeasures of sweet corn in Zhejiang Province.
Hangzhou: Zhejiang University, 2009

Wk SCAE A TEMEOR R IR, DRI, 25 %] . FRE
AR F SRS A XSO . P AR i, 2011,
13(2):1-8

Yao W H, Han X L, Wang Y F, Tan J, Xu C X, Chen H M,
Fan X M. Research status and development strategy for sweet
corn breeding in China. Journal of Agricultural Science and
Technology, 2011, 13(2): 1-8

XA L INE R E R A A28 RPN e Z R I
FRMEARITTE . IR : A dbARE R, 2010

Liu C H. Study on trait evaluation, genetic diversity and the
heterotic relationship of hybrid selections of Canada maize
population. Harbin: Northeast Agricultural University, 2010

W TR R, P ORRA, A BRI R A B S R A T A
AR AT, 2008, 27 (10 ): 76-78

Ye Y S, Sun J, Hao N, Li Z. Current status of corn germplasm
resources innovation in China. Seed, 2008, 27 ( 10 ): 76-78
AT, S B A PG . ORISR : R
WHMZHEE . B ERE, 2018 (1): 29-32

Feng D S, Gao S R, Yang K J, Sun W T. Overview of maize
heterotic groups: Two-group theory and multiple-group theory.
China Seed Industry, 2018 (1 ): 29-32

SRHHE . TORILF LIS A AL A BN T B 5 . I
MR, 2016

Zhang Y H. The research of heterotic group and heterosis model
of the maize. Changchun: Jilin Agricultural University, 2016
XUEE S, AR, E A, BV, sk, sk, 2R Ae, B8
B, AR 120 YBRREE FOK A S R IGIE ZREME T . AW
BETEIEAE, 2018, 19 (4): 676-634

Liu H Z, Song W, Wang B Q, Wang J] H, Zhang Q G, Zhang
D M, Li X H, Wei J F, Li R G. Genetic diversity analysis of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

120 European and American maize inbred lines. Journal of Plant
Genetic Resources, 2018, 19( 4 ): 676-684

KAz, R AR A AR, SRR SR SRR, A, A
T8, R IR . KON B R BEACR A SRR AR A0 A7 . A
Vs B EAFA, 2018, 19( 4): 807-814

Zhang FY, TangJ, YongHJ,LiM S, Zhang D G,SuZ J, QiJ
S, Li X H, Gao J L. Characterization and potential utilization of
important European maize populations. Journal of Plant Genetic
Resources, 2018, 19(4): 807-814

BPAL, WRAEEL SRR BRTME . T T oK F A2 Rk IR
BIEES T T HRAOL R, 2019, 46 (12): 9-19

Gong Q Y, Chen Y H, Gong Y X, Chen C Y. Comprehensive
analysis of combining ability of agronomic traits in sweet corn
inbred line. Guangdong Agricultural Sciences, 2019,46 (12 ) :
9-19

T 4T, B Ay, R IR . RG-S JI AT SSR ARICA #4
b FIELAY FoK H S RIEAT AR AR 43 . VULl 24k,
2003, 16(1):1-8

Fan X M, Chen H M, Tan J, Yang J Y. Heterotic grouping for
tropical and temperate maize inbreds by analyzing combining
ability and SSR markers. Southwest China Journal of
Agricultural Sciences, 2003, 16(1): 1-8

a3l . SNPARICTE F KBS AR HERE . 5 ARARAL, 2019
(24):51

Gao S. Progress and application of SNP markers in maize.
Agriculture of Jilin, 2019 (24 ): 51

T X SCH, B G, BT . SNP AR i £ FRIHFE LR
HER . FRFL, 2017, 25(1): 57-61

Ning Q, Liu W G, Yang W G, Lu M. Progress and application
of SNP markers in maize. Journal of Maize Sciences, 2017, 25
(1):57-61

Semagn K, Magorokosho C, Bindiganavile S V, Makumbi D,
Beyene Y, Mugo S, Prasanna B, Warburton M L. Molecular
characterization of diverse CIMMY T maize inbred lines from
eastern and southern Africa using single nucleotide polymorphic
markers. BMC Genomics, 2012, 13 (1) 113

P, P IRE, BB, BT B E W T
SNP FRICH K H 2 R ZERERI 43 J7 2 R 3 B DA PAl 36 4
L . AR SRR, 2020, 21 (3 ): 605-615
LiNN,Wang Y B,XuGP,YiL,Wang AF,Li T, Cao G Q.
Comparison of different grouping procedures and evaluation
criteria for grouping maize inbreds using SNP data. Journal of
Plant Genetic Resources, 2020, 21( 3 ): 605-615
RAIRZEEWE, ARAR, EI0AR, TKRANTR , £4ER , ERUE, MZL
T, R HET SNP IR fa7R P E EOK 77 Rl B ) 8 1% 224
PESRERIR LA . ERFE, 2018, 51(4): 626-634
ZhaoJ R, Li C H, Song W, Wang Y D, Zhang RY, Wang J D,
Wang F G, Tian H L, Wang R. Genetic diversity and population
structure of important Chinese maize breeding germplasm
revealed by SNP-Chips. Scientia Agricultura Sinica, 2018, 51
(4):626-634

IR, 52 SCHE, V71, /N =, Fh K55 . FIHT SNP ARiC
K53 46 4 £K ASZRIMZFEHRE . AR BHEE TR, 2018
(3):51-52,247

Yang Z S, Yuan W Y, Xu G P, Han X Y, Sun T Q. Division
of 46 maize inbred lines into heterotic groups by SNP markers.
Bulletin of Agricultural Science and Technology, 2018 (3 ): 51-



114 BRI & 55 - K SNP FRic BB A F1 R 8 6 52K B 38 R 2 e 34t 173
52,247 2014
[19] /R, s %, R, fmn, B8R . A SNP Fric Jal 43t [29] Jones E S, Sullivan H, Bhattramakki D, Smith J S C. A

TR B RM AR RFERE . FKF, 2015,23 (1)« 58-
62,68

LuB S, ShiY X, Song W, Xu L, Zhao J R. Heterotic grouping
of sweet corn inbred lines by SNP markers. Journal of Maize
Sciences, 2015,23(1): 58-62, 68

SAEG, AL AR AR AR BT SNP ARICHIAR Y
i F KRB B A 2R AT . AR P4, 2015, 30(3): 77-
82

ShiY X, Lu B S, Song W, Xu L, Zhao J R. Genetic diversity
analysis of waxy corn inbred lines by single nucleotide
polymorphism ( SNP ) markers. Acta Agriculturae Boreali-
Sinica, 2015, 30 (3 ): 77-82

Rogers S O, Bendich A J. Extraction of DNA from milligram
amounts of fresh, herbarium and mummified plant tissues. Plant
Molecular Biology, 1985( 5 ): 69-76

Vilella A J, Severin J, Ureta-vidal A, Li H, Durbin R, Birney
E. EnsemblCompara GeneTrees: complete, duplication-aware
phylogenetic trees in vertebrates. Genome Research, 2009, 19
(2):327-335

Yang J, Lee S H, Goddard M E, Visscher P M. GCTA: a tool
for genome-wide complex trait analysis. American Journal of
Human Genetics, 2011, 88( 1 ): 76-82

LAY, SR, TR, BHE BT, I A, X R, AR R T, B
ME . FIFIAZ% L SNP ARICRIGME T4 # B K A2 R 2RI
PREMBTTE . FKFI:, 2018,26 (4): 17-23

Jiang S Q, Guo R, Zhang A, Zhao Y H, Shi M M, Deng L X,
Cui Z H, Ruan Y Y. Heterotic grouping by core SNP markers
for maize inbred lines widely used in Liaoning province. Journal
of Maize Sciences, 2018, 26 (4 ): 17-23

UL, S & B S =B, 52208, KR 58 . 8 MG &
KAZFR AR RIS S 5347 KHATA . TR0l
Fl2#,2018,46 (16 ): 76-80

He NN, Meng Y F, Wei G W, Feng Y G, Wei A J, Zhang S K.
The analysis and evaluate on combining ability of 11 agronomic
traits in 8 waxy corn inbred lines. Jiangsu Agricultural Sciences,
2018,46(16): 76-80
AR LI EOR R
AR, 2019

Gao D X. Inheritance of main quality characters and utilization

BPERIE A R ASFPE BN . KA

of heterosis of sweet maize. Changchun: Jinlin Agricultural
University, 2019

ARHERN , AR IR, e . AE A ST e | Aedbe:
#2,2009, 24 (S ): 46-56

Lin J L, Zhu Z G, Gao J W. Heterosis in plant research. Acta
Agriculturae Boreali-Sinica, 2009, 24 ( S ): 46-56

FRET . WEORBLIE B S AR R MBIE . KA
Mgl R, 2014

Wang S Y. Study on relations of genetic distance and heterosis
in sweet maize. Changchun: Jilin Agricultural University,

[30]

[31]

[32]

[33]

[34]

[35]

[36]

comparison of simple sequence repeat and single nucleotide
polymorphism marker technologies for the genotypic analysis of
maize ( Zea mays L. ). Theoretical and Applied Genetics, 2007
(115):361-371

Varshney R K, Thiel T, Sretenovic-Rajicic T, Baum M,
Valkoun J, Guo P, Grando S, Ceccarelli S, Graner A.
Identification and validation of a core set of informative genic
SSR and SNP markers for assaying functional diversity in
barley. Molecular Breeding, 2008 ( 22 ): 1-13

RIRE . 28005 ™ BB A I K AR F R
BARSEINERTT . AR, 2002, 10(1):3-5, 73

Wen Z M. Breeding methodology of maize inbred line selection
for multiple resistance, high combining ability, high-stable
yield and high quality potential. Journal of Maize Sciences,
2002, 10(1):3-5,73

A E, X LR, £ B8R RBERAKRTE
R ZMEIRBE A T3 B AL o4 . R4, 2016, 41
(3):14-17

Gao RY, Liu X, Deng K P, Wang Y, Zhao R G. Analysis on
combining ability and heterosis of main agronomic characters
of 12 maize inbred lines. Journal of Northeast Agricultural
Sciences, 2016, 41 (3 ). 14-17

Mz, 372, 75 H 5, A 5 4R, XML, B2 46 4R, Pichet
Grudloyma. 12 2% [ F KRB ™ 1 Bl G I &40 5341 B H:
MR SERERRI 5y . FRRE, 2012,20(5): 1-6

Tian SY,Wen RL,SuY G,He XY, LiuY L, Cheng WD,
Pichet G. Combining abilities of 12 Tai corn populations and
their heterotic grouping. Journal of Maize Sciences, 2012, 20
(5):1-6

F IR, W2l SR, S, U . 20 MR R A 22
FJUA BRI B J1 2001 . P ROk =41, 2012, 25
(1):22:27

Wang B W, Huang A X, Qin Y A, Qin J M, Shi C Q. Analysis
on combining ability of several main characteristics using 20
wax maize inbred lines. Southwest China Journal of Agricultural
Sciences, 2012, 25(1):22-27

FEFFFRINDG, BB, SO0k, B Mk, i, £IR 4L, K
WTE, IR, 20, B AR . R SSRARIC R X )T P
HTEKALREMHARE . EARBE,2017,25(6)
21-27

Du Q,Zheng J X,LvJ Z,Wen R L,Zeng Y H, Yang Y J,
Wang Z H, Zhang S K, Tang Z L, Li S C, Cheng W D. Analysis
heterotic groups of elite maize inbred lines in Guangxi by SSR
makers. Journal of Maize Sciences, 2017, 25(6 ): 21-27
SRR, MV RZ , 2 , 20, 5 I0E . FOKFh BTk RS540
KIMEWFEHERE . FOKBLE, 2006, 14 (1): 1-6

Zhang SH, Tian Q Z, Li X H, Li M S, Xie C X. Advancement
of maize germplasm improvement and relevant research. Journal
of Maize Sciences, 2006, 14( 1): 1-6



