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Progeny screening and variation of agronomic traits in
Ac transgenic lines of upland rice(Oryza sativa L. )

HAO Jian-qgin', FANG Biao', HUANG Min', WANG La-mei', ZHONG Chen',
XU Yu-hui', ZHAO Peng-ke?, WANG Xiang-dong®, WANG Hua-gi'"
(1. College of Agriculture and Biotechnology, China Agricultural University, Beijing 100193, China;
2. Shaoxing Academy of Agricultural Science, Shaoxing 312003, China;
3. Tangshan Academy of Agricultural Science, Tangshan 063001, China)

Abstract Progeny screening and character mutation research are important circle and terminal purpose for transgenic
technology. Mutant library with drought resistance could be obtained by transformation of Ac/Ds to upland rice HD297.
Seeds were treated with antibiotic G418 for 126 Ac HD297 transgenic lines from T,to Ts generationally and finally 64
homozygous lines and 23 heterozygous lines were obtained, totally 87 transgenic cases with 94 different lines. Variation
characters of 11 agronomic traits related to rice yield were analyzed by ANOVA, correlation analysis, PCA and
hierarchical cluster analysis. Results were as follows: 1) Compared to wild type HD297, most agronomic traits of Ac
lines had a wide variation. 2) There were complex correlation among different traits especially synergistic effect
between plant height, spikelets, seed set and 1 000-grain weight which was favorable covariation for rice yield
improvement. 3) 6 principle components revealed most information of 11 traits,and PC1 and PC2 covered 50% of the

accumulative contribution rate. The data showed excellent lines should be selected from higher plants with more
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spikelets, larger seed set, larger seed length width ratio but fewer tillers, smaller seed width and seed thickness.4) Ac

lines were divided into six types based on cluster analysis, Type 4 and Type 1 had better yield potential from which two

particularly outstanding lines were selected. Above all, this study can provide theoretical and practical references of

germplasm innovation for transgenic rice breeding.

Key words upland rice; Ac transgenic lines; progeny screening; agronomic traits; variation

IKHE (Oryza sativa L) JEH AR FHEENRE
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I AR 2R MO B, 0T 2 i DR RO B AR 2R RS
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SR [) 2 A I A 0 22 803 AR 1
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SRR CHRLE/ SR X 100%0) TR R VRETE . 200 mg/L B ARFE SE R 731 -2k R ditE, R AR
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Table 1 Seed germination of HD297 treated with different concentration of G418

G418 Ly i/ (mg/1) 7% REE SRR B/ N #FHK/em K /em
Concentration Seeds Germinated Albinos Green shoots rate  Shoot length Root length
0 20 20 0 100 5.0 5.0
100 20 19 0 95 2.0~3.0 0~0.5
200 20 3 1 10 0~0.5 0
300 20 0 0 0 0 0
400 20 0 0 0 0 0

X GA18 AbH 3~6 d BYFEIEINF B ZF R MR FRALEE 3 d B 24 W I i R B, By DAUAE K il 5 i
FHEAT IS [ S0 o B K Ak B A 2 MR FUALEE 3 dL A8 R 28 B R 5 S7 B B 3R & P A &R
KT e RS, R 2. 50 R AL 3~6 d BYZF K R AR P IV AT LA v 20 226 1 B A L ST LAk 2
AR AR AN X IR 25 S A 2 3 U HOR AR B AL B HUAE S0 b1 B A
KB HETI0  F0OxE B 22 (B S Rt T AR

xR 2 G418 R E FE 8 K FIR K B F Mg
Table 2 Shoot and root length of transgenic seeds treated with G418

Kb PR 8] /d & /cm Shoot length MK /em Root length
Days sb 3 Xf HR Jib 38— X ] b Xf HR Jb 38— X ]
Treatment Control Treatment— control Treatment Control Treatment— control
3 8.8942.48 13.04=+5.54 —4.15" 0.6940. 87 1.79+2.28 —1.10"
4 12.10£1.70 19.5843.47 —7.48" 0.4140.50 15.854+7.73 —15.44"
S 11.6042.19 15.3145.33 —3.71"7 0.23%0.42 12.46+7.13 —12.23"
6 20.11+4.97 23.85+8. 27 —3.74" 0.6440.68 22.85+12.02 —22.21"

oo RFZEFM B FP<0.0D,

Note: ** indicates significant difference at 0. 01 level.
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2.1.2 GAIS #F &3 ks &

BRI T, ~ Ty PisE GALS Btk %8 5 i
FAFH Ty AHEAT 0 0 1 OR300 45 WL 3,
% 3 MBS T, AL Ac Bk F G418(200 mg/L) 5 %F i
GE KO AL IR R K 2838, AR REAR L, G418 4b 31

x3

R Z bk 2 K 2F 53K 8520 Lh B IE # K F 2B ECh
BT 100 96 BPEREA FAE Al & o X H B bk R B
PLPE I 3 ~ 4 A HT Az 3 Ak BT K 28 A9 PR Bk B
DNA.fift PCR, 7315 UE &5 R 42 & 52 FHAE (& 1), 3t
WA= 3R G418 i 04 07 VR S+ 0 AT 30

BT, R AcHRE G418 BRI FEFER

Table 3 Seed germination rate of T, Ac lines treated with G418

& g2 G418 #b ¥ G418 Xt BB (3 K b B ) Control(Water)
Line No. KR R KR RHER N K2R KRR KEER) U
Germinated Not germinated Germination rate Germinated Not germinated  Germination rate
14 35 5 87.5 24 1 96. 0
47 29 0 100. 0 33 0 100. 0
129 25 4 86. 2 32 0 100. 0
163 32 0 100. 0 23 1 95.8
13 33 0 100. 0 33 1 97.1
42 31 8 79.5 22 1 95.7
26 32 3 91.4 28 0 100. 0
31 38 1 97.4 23 0 100. 0
33 39 1 97.5 15 0 100. 0
44 31 9 77.5 24 0 100. 0
B 297 0 35 0.0 25 0 100.0
800 bp
—) -y WW ws N .. .- - e ae

M:Marker [l s — : 5288 297 +  FoRn FHAE XTI 5 1T~ 12 45 46 I 5o bk
M :Marker [l ;— :HD297; 4 . Positive control;1—12: Tested lines

B 1
Fig. 1
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B4 M B KR PCR £ R

PCR results of transgenic plants

RO 25 5 S, O 2k 2R R 0 8 £ 3 B e 4l
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) FVEF A RO ARG 297 MO KR L SRR BORE B F2 25
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B TE R E AR FE L IX 10 A4 251 R 0L T R A
PRI (6 5) - R BUAT 5 A PR AR 590 Rl AR 4%
KBS R B R BN B RO > F2 25
FRGE % > 25 ROR R > bR > 25K . Hifb
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Table 4 List of homozygous lines for different generations
A A5y JE A &% Not A lines A &%) A lines
Y ) ) ) )
R g R sty R T dis bR Kol fy R
R BRREL TR 7YY ETRe2 B BRREL (e 7 EY i G5
Gene- Homo- Line No. Not Line No. Gene- Homo- Line No. Not Line No.
ration zygous homozygous ration  zygous homozygous
2009 T2 2 55,163
2010 T3 10 1,2,14,24,
26,27, 31,
32,52,57
2011 T4 15 13, 20, 25, T2 0
33,37, 39,
45, 46, 47,
54,56, 59,
63,81,129
2012 TS 16 19, 22, 29, 7 3, 21, 34, T3 21 Al,A3,A5, 16 A7,A22,
35, 38, 40, 43,48, 76, A8,A9,Al5, A27,A37,
42, 44,51, 117 A19,A24, A50,A61,
58,62, 68, A25,A26, AT77,A84,
72,73,75, A42,A46, A94,A105,
101 A49,A70, All12,A114,
AT72,A79, Al118,A119,
A86,A92, Al126,AP
A100,A107,
A109

T7 AT TR (36 5) & MR bk & H) 25
35 A 2 KO 3 R T X B R R L A
LI%(FEZEEK) ~12. 8% (FXH Bk . W F
AN R AR R ELBIAE 0 00 Oz 9 RLJEE) ~50. 5%
(TR ), Ho ki 5 I8 2 /N T KT X5 B
1143 50k 50,5 % A 12. 1% . Ud B T kL 3 bR 2 W
([ RVAR - < NG 1185 o 7 N T e A A NN i N
SRR TR ER K bR R, B2
] 55 1 I AR S R R Bk D T X
Fb A9 35 1) 30,9 06 5 /38 43 b4 ) 32 25 il RO B 1) D
A B 75 1) A S 5 G Al R bR A 6 X R RS 297 AR
N
2.3 AcHRRZERZHERMWEEZHEXLSH

EESLDRUR BME AR 2 AR A MR 8 A

AN MOIR AR S s G B A PR AR R A e AE . AAH
KM T LU (R 6) . Bk &R & AR 2 Mtk )
FEAE S 2 MR DG L R 2 BRI Z T 7 b 2 1E AH
K DBER Z A AE 2 M OC . (R T2,
PR 5 32 25K | 32 2R R ROR O 32 2R AR LS R Y
FHC R B X 8K, 43 51 0.60,0. 46 Fi 0. 39, 3
K B B 2T s Bk A AR S G R 2
TG, H 5 3 25 RS S0 0 25 0OR OC M OC R AR
Sh—0.36, LB, HLRRAT AR ET BN 2 3 R AIG
5= m YA AR SR A B, R B B s
ZEFH OB B G B &2, J2 25 25 SRR K, TR E AR X
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Table 5 Simple statistics and anova analysis among agronomic traits of Ac lines

PEAR 7R ¥IE TRrFiE wmAk &/ FE WEKRT BENT B B2
Traits b4 (xEs) /% A f§  F value XTHEELHBI/ % XFHRELG/ 2% 297  Disper-
Lines C.V. Max Min Proportion™* Proportion*” HD297  sion
P 5 /mm Plant height 94  88.7+6.9 7.8 107.1 67.1 23.29" 7.4 30. 9 92.0 —3.3
FUMRAT AR EL Panicles 94 4.5+1.0 23.0 8.5 3.2 8.10" 5.3 5.3 501 —0.6
FZ MK /cm Panicle length 94 21.541.2 5.4  24.5 17.1 10.42° 1.1 12.8 21,9  —0.4
T 25 Bk 8L Spikelets 94 128.5+15.1 11.7 174.8 92.5 7.81" 12.8 1.1 119.3 9.2
FAFELE IR /% Seed set 94 77.3414.0 18.1  96.9 24.5 21.38~ 4.3 10. 6 76. 6 0.7
T-Ri® /g 1 000-grain weight 91  31.8%1.4 4.4  35.1 28.7 75.67" 12.1 50. 5 32.5 —0.7
#i K /mm Grain length 89 8.3+0.2 2.7 8.9 7.7 8.69" 7.9 2.2 8.2 0.1
%7 5% /mm Grain width 89 3.8+£0.1 3.1 4.2 3.5 2.39" 3.4 0 3.7 0.1
i J5 /mm Grain thickness 89 2.2+0.1 4.6 2.8 1.9 1.72¢ 2.2 0 2.1 0.1
i FE lb Length width ratio 89 2.240.1 3.8 2.5 1.9 6.05" 2.2 2.2 2.2 0

T % RN MR R[] 22 B4R L 3% (P<C0.01), Proportion * a 375 it 3 K T % 6] (P <C0. 05) , Proportion * b /% i # /N T Xt i L 4l
(P<<0.05),
Note: ** indicates differences at 0. 01 level. Proportion * a indicates proportion significantly larger than CK at 0. 05 level. Proportion * b

indicates proportion significantly smaller than CK at 0. 05 level.

K6 AHRERZHKREANBEXRY

Table 6 Coefficients of correlation among agronomic traits of Ac lines

PR PRRRA R HRE EXERK BEEELA FXE RIS K e BE O ORKER HE TRE
T x2 x3 g 4 SR x6 x7 x8 x9 x10 x11
x1 x4 x5

x1 1. 00

x2  —0.18 1.00

x3  —0.21" 0.60 1. 00

x4 —0.06 0.46™ 0.46" 1.00

x5  —0.36"  0.39" 0.33"  0.29" 1.00

x6 0.12 0.13 0.30" —0.26" 0.13 1.00

X7 0.24" 0.02  —0.08 0.03  —0.27" —0.02 1. 00

x8 0.07 0.00  —0.05 0.10  —0.17  —0.10 0.33" 1.00

x9  —0.07 0.10 0.26" —0.22" 0.26" 0.71" —0.68" —0.38" 1.00

x10  —0.02 0.12 0. 04 0.17  —0.04  —0.31"  0.24" 0.18  —0.38" 1.00

x11  —0.06 0.18" 0.27" —0.02 0.19 0.37"  0.43™  0.41" —0.10  —0.03 1.00

T xl s BARRAT SRR x2 bR R 5 X3 25K s xd + 2 KR RORLE; x5 2 2R BHZE 928 5 x6 ALK 5 X7 RL B 5 x8 ¢ L JFE 5 x9 KL 4 B L 5 x10 - i A

Wsx11, TR, * fRFAI X 0. 05 3K (P<C0.05) , %x LA MK H] 0. 01 B i 3 /K F (P<C0. 01D,
Note: x1:Panicles; x2:Plant height; x3: Panicle length; x4 : Spikelets; x5: Seed set; x6: Grain length; x7: Grain width; x8: Grain thickness;
x9: Length width ratio; x10:Date to heading;x11:1 000-grain weight. % indicates correlation at 0. 05 level. %* indicates correlation

at 0. 01 level.

2.4 AcKREBRZERKOER S ST AR B 4 IHR Sy A AT BT X 6 A AR AIE R

Xb bk R A s S B 79 AR Ac bk RS P B0 1M AL 2 TTRR R R B
ROF X B 297) ¥E AT B9 F 6y o i 3R W 255 5 R 26, 01% AT 20. 93 %, B FL BTk K A
(XD AFEEFUENEN 1L ARZER D A6 46,9420 6 F2 Ly 1 52 W 8 K B 2 K 58 L
ASFRIEAE 9 R AR DTMR A3k 86, 41060, UL 11 gk T ZE R A S0 X A 2 R A R TR
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TR BRI RO RR L Al 4 S TR0 TTER R B AT RUAE L e PR R IR 0 R B . R R
AN BRUBTER R RO 5000 O NS m K /E RiER TR AS AR A R KT B
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Table 7 Eigenvector of the former six principal components

Pa & 3 W ER I ERG R SRR B ES BN AR #\*’Tﬂ%&
Resources PC1 PC2 PC3 PC4 PC5 PC6 BT R
2. 861 2.303 1.716 1.072 0. 836 0.718 Cumulative
26.01% 46.94% 62.54% 72.28% 79. 88% 86.41%
AR AL Panicles —0. 240 —0.139 0. 049 0.739 0. 257 0.123
k& Plant height 0.336 0.407  —0.004 0.203 —0.100 0. 046
F 25K Panicle length 0.370 0.370 0.086 0.204 —0.091 —0.101
F22E R SR $L Spikelets 0.108 0.453  —0.319 0. 320 —0.252 0. 004
FZERLE SR Seed set 0. 405 0.115 0. 048 —0.329 0.155 —0.005 RO
%7 Grain length 0.335 —0.224 0.482 0.262 0.117 0.027 %ﬂmﬁji
B9 Grain width —0. 349 0.262 0. 400 0.143 0.004  —o.397  ligenvector
%7 )5 Grain thickness —0.258 0. 243 0. 244 —0. 090 —0.221 0. 841
ki 5% L Length width ratio 0. 464 —0.343 0. 087 0.143 0.061 0.272
i fE ] Date to heading —0.033 0.336 —0.161 —0.078 0.871 0.158
TR # 1 000-grain weight —0.013 0.226 0. 633 —0.192 0. 059 —0.084
2.5 AcHRRBRZHERIBEESWH FISAMMAREMNERET 27.29.33 55 20

M Bk 6 A4~ Wy 45 bs . Rk WARD g 22 OB HEES
FT7 AR 79 N Ac Bk R IEFTT R G R KT 8 4 Rk FRSE AL07  A15,A15—9.72,
ALK 6 KA (IR 2) . Hr 1.3.25 5540 3 A AR

F5 297 w2k

3AKREFRE 62.A118 A8, BN K

LA

A bR A R R

ATURRE 297 fE NI 23 AR RN —2K.2.13, (1 71%0 ., UL e Ac bk R 7E MR b AR B R AR

38 45 16 ARk R MEE 2K 2R 22,4052 TSR
020 r
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Fig. 2 Cluster analysis of 79 Ac lines
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P A A SRR EMR AT DL (G- &) bk X IR L 32 B A L Al R AR 5 0 BEOR e A B Wk A
PRV DA U2 B (15,6 @) LUXTHARI N 2. 300, ARAAR AT BRI B 0 2 L % o o Y Ak R Tk
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Table 8 Average value of 11 agronomic traits in the 6 types of Ac lines

R HBRA MRe/ F2E BB EXMORK/ R/ AR/ KK B/ THRE/ ki
Type RBHEE om  FERK/em SORE 459%/ mm mm mm Length d g /g
Panicles Plant  Panicle Spikelets % Grain  Grain  Grain width Date to 1 000-grain  Yield

height  length Seed set length width thickness  ratio heading weight
— 4.7 91.7 22.0 136.2 75.4 8.16 3.76 2.21 2.17 85.2 31.7 15.3
- 4.0 83.0 20.5 119.0 75.8 8. 14 3.69 2.19 2.21 83.3 31.0 11.3
= 3.9 89.5 21.7 123.0 83.8 8. 44 3.79 2.24 2.23 82.8 33.3 13.2
| 4.4 92.9 22.2 132.4 86. 0 8. 41 3.68 2.19 2.29 83.6 31.3 15.6
+H 5.3 84.2 20.9 130. 2 52.8 8.12 3.98 2.56 2.07 84.0 32.8 13.8
Ay 7.6 72.3 18.6 110.9 62.0 8.21 3.77 2.24 2.18 84.3 30.9 13.5
HD297 5.1 92.0 21.9 119.3 76.6 8. 20 3.72 2.14 2.20 83.0 32.5 15.2

WA oA, Tk 1 2 AN R ARG HEIRIE R R IF E AR EATRE B SRR 6
TR NTE Ac R R EN RS UEMN ATIG(T, ASRAL DU FN S — R bk R R TS .
FO BRI 1IR3 19, 2 g BABRA RRE 4.4 1>, GA18 i 3% PH M 5 56 P K R A4 R B9 BIF 5% 48
PR 100. 8 cm, EZEFEK 2108 om, 32 25 F ROR 8K LU ORI AE 2 7% Wi AN 5 0 Al b
136. 1, F28FH 25 52 % 96, 9%, ki K 8. 33 mm, ki 5 G418 ¥ 200 mg/L Fifii i KA 3 d W H7E F bk
3.71 mm, A0 JE 2.3 mm, KK G 2. 25, J AR AT Ac MR O AR R L RT3 R E(5~T7 )
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3.85 mm, KL JE 2. 34 mm, R K GE L 2. 11, il i B R . (A2 R S 2R R
84 d, THLTE 32.78 g, Ui M PN 5L K A4 RS AU MR &R BEE 2, TR 3G R A B M AR Rl —
Rl DLk R 2R A MR R A L R A R AR R FERY L], e R A b 2R — SR RS PR T
3 EREiR ip’fi 297 Ejﬁ/f*ﬂm?jﬂﬂiﬁi?i%ﬁ% Ac HH 1558 F
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S ARBFE LR ) GA18 i 2 BH 1 b 7 9 7 1 A 2 B LR YRR
126 355 Ac T, B FIF IR . & T, T, T B AR TERE IR R AR F ) T 32 R A B 1)
HEASF] 64 frai A AR, o B R B 73. 6%, R AR LR A AT RE R B T T-DNA i A 50 4 815 57
PR I3 M7 R B Ac B 3 IR R AE & DR Z MR E A7 Ao R e A AR T A TS A A ok 4 G T R A
TEF 8 AR S AR 2R 2 () A7 7 2 2% i A DG SEld ARG Ac BB F IR (G fli Ds &4
PR 15 5 S AR AEOR B8 45 DR AT 2 A U PE B, A B OR S5 5 8O 5 AR 0 IR O T A OGS
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