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Introducing Phytase GenephyA into Different Soybean Varieties
from Transgenic Line Utilizing Sexual Hybridization
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Abstract: Phosphorus( P) is one of the most important inorganic nutrients that can significantly affect plant
growth and metabolism. However,30 to 40 percent of the unavailable P in agricultural soils exists as phytate , which
can not directly be absorbed by plant except for resolved by phytase. So selecting or developing new varieties that
can resolve phytate-P through the modern transgenic breeding approach provided a new opportunity to improve the
efficiency of phosphorus by plants. In this paper,a phytase gene(phyA) ,isolated from Aspergillus ficuum , was intro-
duced into soybean by Agrobacterium-mediated transformation,and then thirty-eight soybean crosses had been made
between transgenic lines( JL35-phyA ,male parent)and other non-transgenic varieties ( female parent). PCR and RT-
PCR results showed that the phyA was successfullly incorporated into soybean genome and expressed in transgenic
line JL35-phyA. Futhermore ,the pods,seeds,and weights per plant and weight 100 seeds of JL35-phyA were higher
than wildtype JL35 significantly. The results also showed that 427 PCR positive transgenic F, plants from the thirty-
eight cross combinations above and 377 PCR positive transgenic F, plants from the progenies of the cross combina-
tion JD17 x JL35-phyA were obtained by the sexual hybridization transfer method. Analysis results of these progenies
showed that the variation of agronomic characters were abundant,and some excellent transgenic lines were selected.
So it provides many important genetic resources to transgenic breeding of phyA in soybean.
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Fig.1 Map of the plant expression vector pC — KSA
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The amplication primer isphyAl and phyA2 the length of band is 1347 bp. M:DL2000,1 ; Blank control,
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Fig.2 PCR assay of transgenic soybean plants with phyA
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Fig. 3 The sequence of transgenic soybean root cDNA amplication band
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A : Expression ofphyA gene, B : Expression of actin gene control. M: DL2000,1 : Transgenic root,2 ; Transgenic stem,
3 : Transgenic leaf,4 ; Transgenic seed,5; Wild root,6; Wild stem,7 : Wild leaf,8 : Wild seed,9 : Blank control, 10 Plasmid control
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Fig.4 Expression of phyA in different transgenic soybean organs
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Bt phyA RS FHPER AR (JLO9-1,JL09-2) S BF LTINS AHTRAE phyA X T 56 FE D R SEAE AR 17 B0 U BLAT

WE(JL35) Jikhh, ol B4 T RN R GRE R 55 — @RI, X T 5% A0 R 1R S PR Y
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Table 1 The trait differences between transgenic soybean plants and wild-type

SRR BRES(em) B FETH PRI LRV R HABRKLTE (g) FHE(g) EHAR(%) Ei(%)

Name Height  Branch number Nodes number Pods per plant Seeds per plant Weights per plant Weight 100 seeds Protein Fat

JL35 62.4a 0. 6b 15. 9ab 71.3b 152.3b 21.4b 14. 0b 38.9a 21.0a
JL09-1 61.5a 1. 1a 15.3b 90. 8a 196. 8a 33.2a 16.9a 39.2a 21. 1a
JLO9-2 64.9a 0. 9ab 16. 8a 87.5a 181. 7ab 30.7a 16.9a 39.3a 21.0a

JI35 b 35 (BFLEAL) L JL09-1 5 J109-2 A5 4k 35-phyd ; P B A 15 A BRI, a,b {03 0. 05 BEVAF
JL35 . Jilin35 wildtype,JL.O9-1 and JLO9-2:Jilin35-phyA ; The number is the average of 15 soybean plants. a or b means 0. 05 significant level.

2.3 EM3ISpyA SEM@ERWELZFEBNERN IS F A TROBESILE 2, FFFERG,

oml] F BRI TIE A FAR A4 3 e e AT H 9 JE ] PCR

T2 A AR B L phyA, LA PCR Fl RT- A5, 2558 & B, A5 427 D228 F R RE AT LA 36

PCR %7€ (75 HK 35-phyA FHPEARERE A, 538 A~ HAIYEE phyd , JF53 )8 T 138 38 Naesc & (3R

WK G R AE R E AT AT 458, 345 7 38 N2 2,[&15), UL il MR M 2L A phyA B4 it 4%
TG F R 0t 5332 kL, BR A28 A B VI AR 38 AT 22 Al &,

xR2 ERXKERMEFR35-phyA 3% F, REERST
Table 2 PCR positive transgenic F, plants of non-transgenic soybean x JL35-phyA

K5 P Uz FRFEC perBIME | e G AR F Rl 5 PCR itk
No. Female parent F, seeds PCR positive || No. Female parent F, seeds PCR positive
1 5 11( Cang-dou 11) 174 6 20 FHE 15 (Wu-xing 1) 103 3
2 185 99-16 ( De-dou 99-16) 240 25 21 T 2 5 (Wu-xing 2) 104 18
3 Z:4¢ 52 ( Dong-nong 52) 181 40 22 FAE 3 5 (Wu-xing 3) 236 20
4 ¥ 9877-10( Fen 9877-10) 166 27 23 TR 4 5 (Wu-xing 4) 112 21
5 5. 6 5 ( Guan-dou 6) 57 5 24 %5 10 5 ( Xu-dou 10) 138 4
6 1if 6013 ( Han 6013) 192 9 25 555 04-6-2( Yi-dou 04-6-2) 106 6
7 faf . 14 ( He-dou 14) 58 4 26 H1#5 15 ( Zhong-huang 15) 62 3
8 ¥ 5075 (Ji 5075) 94 19 27 }1#% 35 ( Zhong-huang 35) 146 4
9 #0983 (Ji 09B3) 90 4 28 rhi# 41 ( Zhong-huang 41) 71 5
10 B 11 (Ji-dou 11) 199 4 29 1 03-6025 ( Zhong-pin 03-6025) 87 16
11 FH 17(Ji-dou 17) 79 18 30 FF/E 017020 ( Zhong-zuo 017020) 90 1
12 L7 18(Ji-dou 18) 41 2 31 4 05-15 ( Zhong-zuo 05-15) 94

13 FL 1 19(Ji-dou 19) 211 5 32 R R 056011 ( Zhong-zuo 056011 ) 101 3
14 .34 (Jin-dou 34) 360 12 33 14 5045 ( Zhong-zuo 5045) 117 10
15 57 8% 28 (Qi-huang 28) 147 11 34 14 15032 ( Zhong-zuo J5032) 141 7
16 41 HO13 ( Shi HO13) 183 8 35 4 15050 ( Zhong-zuo J5050) 54 3
17 1 H570( Shi H570) 322 9 36 06b3 (06b3) 211 23
18 £15. 4 5 (Shi-dou 4) 116 10 37 07 % 375-377(07 jian 375-377) 181 43
19 £15.5 5 (Shi-dou 5) 227 4 38 SN .5 2 5 (SN Zao-huang 2) 41 6

1 ~38 N ARBERIAS IR SCA N 757K 35-phyA

1-38 : The female parent,the male parent was JL35-phyA
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PHEPTHIS 4  PF2 5 PR2, H I F BEHKEE R 753 bp, M:DI2000;1 ;23 FAXRT AR 2. 54K 35,34 B MR B AL A 5-102 . 2438 F #idk
The amplication primer is PF2 and PR2,the length of band is 753 bp. M:DI.2000,1 :Blank control ,2:Jilin35,3-4:Non-transgenic soybean,5-102:F; plants
El5 EMAKERMEEM 35-phyA 223 F, Bk PCR &R
Fig. 5 PCR assay of F, plants( non-transgenic soybean x JL35-phyA )

XTHTARAHAY 38 NAAC UL F, FHPERIFR AT 5
MR FEE S & B, 7= i A R P i bk v | BB
by QRO 7/ YA ENNE 8 7/ VA G YA QL B o TR EN SR a |
7E43.0 ~98.0 cm 44.0 ~224.0 4~ .15.4 ~72.0 g.
88.0 ~406.0 1> .13.8 ~21.0 g =z [a]; T i TPk
B T 3 A AR VB R AE 37. 0% ~44.3% Z ],
B & oy AL FRIAE 15.6% ~21.3% Z A (% 3);
AT UL ARAS 22 28 5 ARAEAE T 2 W st AL A8 5, ARt

FRFE T A AP £ AT & AR 7 A 2R 15
FOBPRE, DLIE A [ A2 25 X i 2 R oK [ &
WA EER) 9 MR, LB bR %
RRRSCR S i 119728 5 AR RO s AR A R
JM e | SRR RO AR e R BRI HH P 8 Ak
AR (BRI 5 A1) (97 I {ECAR I 50 e 1355 bk 35 (B9
HERY) S35 -phyA BORH(ER 3) B 2SR
FORR] LA IY 5 HARRIE R AL AR

£3 EMATRMEETM3I5-phyA 3% F, FEEBRA SERT
Table 3 The yield and quality traits of PCR positive transgenic F, plants

IR

EETH PHRIER AR FUBRRIT (o)

HHAE(g)

CReES B (em) . . BAR(%)  BEW(%)

Type Height Branch Nodes Pods per  Seeds per ~ Weights per ~ Weight 100 Protein -
number number plant plant plant seeds

TR 35 (B 62. 4 0.6 15.9 71.3 152.3 21. 4 14.0 38.9 21.0

Jinlin35 wildtype

B 35-phyA (XA 61.5 1.1 15.3 90. 8 196. 8 33.2 16.9 39.2 21.1

Jinlin35-phyA

Fy Bk (CREIME) 75.1 2.5 18.0 112.3 230.0 39.3 17.2 40.5 18.0

F, plant( Average)

Fy Sbk (R fH) 98.0 6.0 21.0 224.0 406.0 72.0 21.0 44.3 21.3

F, plant( Max)

Fy Sk (fe/IME) 43.0 0 14.0 44.0 88.0 15.4 13.8 37.0 15.6

F, plant( Min)

Fy Bbk (1R 2%) 55.0 6.0 7.0 180.0 318.0 56.6 7.2 7.3 5.7

F, plant( Range)

F) Bk (brifE22) 10.6 1.4 1.5 38.0 73.8 12.6 1.9 1.5 0.9

F, plant( Stedv)

FUABR(ESRED (%) 14.1 55.1 8.1 33.9 32.1 32.0 10.9 3.7 4.9

F, plant( CV)

Kt SR A BT
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2.4 % phyA % F BB XZEKK PCR KUK
MR RM

XA TR G phyA HEH Y2458 F, P2
PROFLE 17 x TR 35-phyA ) HEAT A SS, 3545 T 1% 42
LA F, R, 8z BT F,
HRRIEFT H AL AY PCR AN, 25 5 & B, 75 1486
A F, MR 377 A4S F b A B SRR phyA (K
6) , F, BHPE SRR I 5 L9 R 25. 4% , iff— 2 H A& X
LGB SRR A 2 R ARG R I, BEAR A

FR R B S T WA AN E T (0 S
A4 B (3LE 17 O FAE PR 7 MK 35-phyA D9 5%
AE RE R, FEAE R B B B AR5 AR K
SACHRH ALK 4 BRI o AT, i T3 E 17
(LA ) 5 phyA ZZARBERLES AR 35 (AR ) A7 AR
BRI 225 M E 2R S e A F, AR A Y B 2 Fof
TR S [N Iy i — 20 15 1 RE A 20 il AT
SRRV 2 4 P R DR R S5 i ol ( %) 4R 3L T — it
IR BT

10 11 12 13

P HET B4 PF1 5 PRI, H#9F BEK BN 1263 bp, M:DI2000;1 ;25 (X 2. 35 17 B AR5
3T bK 35 B A ;4101 . 3L T 17 x 754K 35-phyA BIZ45E F, Bkk 102« JFORE BH 1 o R
The amplication primer is PF1 and PR1,the length of band is 1263 bp. M:D1.2000, 1 ; Blank control,2 ;Jidoul7 wildtype,
3.Jilin35 wildtype ,4-101 ; F, plants of Jidoul7 x JL35-phyA,102 ;Plasmid control
6 EE 17 x HiK35-phyA X F, B BRERE PCR 4R
Fig. 6 PCR assay of F, plants from the progenies of Jidoul7 x JL35-phyA

3 it

TPIFEFE P BR CRAT R T RS ) 455
HOE BT B (Z 52 | 1M1 52 45 ) 2 B il £ 4008 b i |
By & EPDBT R A ROR AR RT# ATFE4 A)
FHHAb () Wb A AR (8L ETCRR 0 %
oy TRAC AP AR BB B, B 2858 (1 52) B 7
TR SR v 7 AR 2 ol o AR 5 DR ) 0 9
il HAT, 5 T3 07 1 A ATE 5 AT 3L Br B [ 7E AR
A2 KRR A ROCRIC g, HRiE, e
ISP A 7 W A 2\l K Calange 23 W) 55 B LL%%
Br BRI Z N BEACEAR Gl A () % B HOARRE
e AASTRY AR A Bl A T LN A T AR AR
A5 DCRVAE AT HORR il b, 7 A 7 b DR T AR o
U2 FE K R A1 U5 D e 7 BIE 9 O L, AR T

SFEIPM BOKRR S RS R T 2258, 4 R AR
TR AR ZAEARFZ 5 N R e —Fh R IFE Be 7K
FEEE B0 BP0 R A RGRR B DY DL
PEPC KRG NAA, 735015 3 DAH R e 2 MKRE
FRAAE, M 505 BRJ5 AU R S E Y 42tk & PEPC
T AR, DT IE B ) e S 280 ik PR /KR 5 B
AP 2 28 1T ARAS RGO RL ; A ARAE R
LB RARNGPUBR R bar FEHE ASZ IR EL 9311
) TR SE 138 2ok (81524 bar JE R 5% B 30 Ho A i
Tt ARG B0 K et ot o ] (6 R R A
[F] s, T E 25 20 LU oK pepe FE IR K A6 Ry
ACA O35 15 R 648 (BERE 97 4F 8 AN SRRk
BT —HHE pepe FER KRN R, b 3 4>
it 2R Y pepe BRI BEMSRRE | RIAR IS . A UREIAH
TERTHA TAE 132 T 4% FE R i phyA JEIR Y J135-
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phyA ZMRHEA W] LS i R - 4 PR TR S 1Y
N T, H A s R R Al AR R TR 2010 4R & E K
MV A E (R FLZE TP T 2009-T150 ) #EAT T 4 5L A
HRNRIG A ST . 25 SR 3 B, AR R W Ak BT 3 R A
PRAR 2R 50 A P T 06 P P S v M A Y B L R R
PRI R AR R0 A i Y I B T AR A Ho
AHOCHERAL I AR T AR AL o] DL 2 5 R R
T A phyA B BOAT 43 ik R R AR s ) el A T
iR R T DA T e W AR 2 22 DRI A2 AR R i)
BN, RHIATZIEZAE TR phyA FE HAEAS[R] & Fp
5T W 1, AW 5T DL IT 3R A5 18 5 A R il
phyA 1 JL35-phyA SRHACA | 2R I 22 28 56 B HOR K
N 38 AN ET R N IFE A
{18 5 PRSI 7 16 3R A5 PR AL AR 1) B, TR, i Fax
BB AR REBR S A H AZE I phyA 7 BB EFH
KL TG PRI AE 25 5 MOAT A JR ARS8
T A R Wl v ORI R 2 B DR R T R (R )
PEUL T TR AL AR

THN AR I R IA A pC-KSA |, 7Ei% 3%
S A —A~ KSA i FZE Rt A R B phyA AR
S#IE A 37 Ppykl0o FI{5 5 ik SP 4l i, Horp,
Ppyk10 J& MBI RE I+ R I+ 5L R v 23 g A5, (A
FERL R T AR T IRl bRy S R 5k B Y
MRSk Fe e, SP &2 N MR E S
IYEAT, RENS TR AR KRR B b 4R i 3 I 4 A 2K
() AN, ARSI s pC-KSA 3£
KB R TR (JL35-phyA ) AS[R] 2H 4L 5B By RT-
PCR %45 R R I, % FE PR K G A MRAR TS A 8L rp A7
TE phyA BRI 2 LR IR 772 W), 10 6 AR E A 35 07
(anFkr R ZEFF) IR K AT i PR 2R X AN
AAE—ERREE TR T SR AE FR I phyA JE[R K WL
% 43 ffk R R 5 37 32 o v v R O ) SR ) e o — 2
TEEE R IR 1S 09 %% phyA JERATRE i TAUAE K
AR RAEAESE R 23k 7=, R i o] g ELAT B4
(R S R AR 2 4
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