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RELATIONSHIP OF LOW PHYTATE TRAIT WITH SEED GERMINATION AND
CARBOHYDRATES CONTENT IN SOYBEAN MUTANT Gm-Ilpa-TW-1

YUAN Feng-jie DONG De-kun LI Bai-quan FU Xu-jun ZHU Dan-hua ZHU Shen-long
(Institute of Crop Science and Nuclear Technology Utilization, Zhejiang Academy of Agricultural Sciences, Hangzhow, Zhejiang 310021)

Abstract ; The relationship between the low phytate mutation with seed germination and carbohydrate content homozygous
Fs lines with/without lpa gene derived from mutant and different wild type parents were analyzed. The results showed
that LPA (low phytic acid) /HPA (high phytic aicd) lines developed in autumn had higher seed germination rate than
that developed in spring. LPA lines had lower seed germination rate than HPA lines when they all developed in spring.
However, in all crosses LPA lines with higher seed germination rate than mutant parent Gm-Ipa-TW-1 was observed. No
significant difference was detected between LPA and HPA lines when they developed in autumn. Homozygous LPA lines
derived from vegetable soybean had lower seed germination than those from non-vegetable soybean varieties. There was
no significant difference in total carbohydrate content between LPA and HPA homozygous lines, but the sugar content of
LPA homozygous lines was significant higher than HPA lines. On the contrary, oligosaccharides content with LPA lines

were significant lower than those with HPA homozygous lines in all planting environment. It is concluded that seeds field
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germination rate were affected by low phytate mutation gene and planting environment, and lower seed germination rate

phenotype of LPA lines could be improved by genetic method. Mutant Gm-Ilpa-TW-1 of LPA phenotype was genetic

linkage with high sugar and low oligosaccharides phenotype, so it should be benefit to breed new soybean varieties with

better quality.
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Fig. 1 The germination rates of homozygous
F, LPA/HPA lines in crosses of

Gm-Ilpa-TW-1 and different wild type parents
2C:WidF 3 552D 5. 27, ZXD Wit 5 4 55 LPA: IRAHMRIR R
HPA . AEfRMERMR R . TR,
7C :Zhechun 3 ;ZD : Zhongdou 27 ;ZXD ; Zhexiandou 4 ;

LPA; low phytic acid; HPA: high phytic acid.

The same as following tables and figures.

F1 Gm-lpa-TW-1 SEFERIFEARZZ F, K HPA/LPA BERRERREMETHEFEL N

Table 1  Analysis of germination rates of homozygous F; LPA/HPA lines in
crosses of Gm-Ipa-TW-1 and different wild type parents (%)
HES T+ H{H R S R E
lines average middle variable range
LPA HPA LPA HPA LPA HPA

Gm-lpa-TW-1 x WE3 5 Fs i F5 homozygous lines from cross Gm-lpa-TW-1 and Zhechun 3

B M %2 Hangzhou spring 65.3%" +8.06 77.5% £5.65 67.6 78.5 48.1~76.5 66.3 ~86.7

BNk ZE Hangzhou autumn 84.0+6.6 88.7 3.7 85.8 89.3 65.9 ~92. 1 80.8 ~96.3
Gm-lpa-TW-1 x H1 5. 27 F5 ¥£F F5 homozygous lines from cross Gm-Ipa-TW-1 and Zhongdou 27

BLM#ZE Hangzhou spring 50.5% % +8.3 64.9% +6.2 50.2 66. 1 36.2 ~63.5 49.9 ~76.9

BNk ZE Hangzhou autumn 86.3+5.4 90.4 £3.5 88.7 90.2 70.9 ~91.5 80.4~97.2
Gm-lpa-TW-1 x Wit 4 5 Fs R E F5 homozygous lines from cross Gm-lpa-TW-1 and Zhexiandou 4

M FH 2= Hangzhou spring 41.0%* +6.2 56. 1" £5.2 40. 1 55.°5 30.1~52.9 49.8 ~66. 8

BNk ZE Hangzhou autumn 82.4 £4.3 88.8 £3.2 81.8 88.6 70.9 ~89.9 78.9 ~95.2

TE A SRR B IR 2R -T2 K 28 387 0. 05 1 0. 01 KV B B FR THON BRI bR R 5 © 3878 LPA BR R AP & 2 7E 0. 05 /KF L&
FIRT R —FEF AT 09 HPA B &R

Note: " and® mean significant different at the 0. 05 and 0. 01 probability level respectively; * means significant different at the 0. 05 probability level.
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Fig.2 The carbohydrate content of homozygous F; LPA/HPA lines developed in different planting

season in cross of Gm-lpa-TW-1 and Zhechun 3

2.2.2 WEHE HAEWES TR R T,
X AR AN 5 ARk R 0047 4 40 4 o 4 ir,
A R AR S AR VROR BT A R 2 ) 25 7 B % (HAE LPA
FRA M HPA Bk R 2 [ A AG I 1) 22 53 5 v MR
PR R & B A M

2.2.3 AR R R R T L RR S XU Y
FEZH T FEXHEA R 28 AR 1K Cm-lpa-TW-1 HEAT 5 i
SIATIS & BRI 8 A R RN 5 bl s A RS AR
(F22) IR ZE AR AR 1Y 2 58 T AR EA T TRE M 25 2 0
Br, R IR 252 S5 ARRKIE LPA Bk & rh S w5 2 h
136. 15mg/g, B i 5 7 T HPA 45k & 69. 3mg/g 1
TR FEAAR R T R R A B T AR R 25
SREMEE 2) . TR R RS AR SR B, &
I LPA ¥R R ERE & i, 7E AN R AR PR T 375
T HPA Bk &, WNFKHE LPA R & b B IR 1Y b &
126. 4mg/g, k. HPA ¥k 2 ' fir i & i 93. 9mg/g
34.6% ($62) . R4S 32 P PR B A0 2 0, 76 W 1 AT
HCTR 11 TR — Bk 2R BEWE & A A ASTR], (H Y R B h
LPA BRRFEME S R R 2 T HPA SRR (K 2) . Uil
HPA 1 LPA #% 2 IE0E & & 10 22 57 th R s il , %2

BRI RN

2.2.4 ARFHE  RERME B RE MR RK G, 2
KRIGPUE IR T2 — , BEARK I8 & 5] LU 3082 =
PN E A 0 Moy NS A A R DR =170 S W o /)
GEARRIY it B AR B, R B AR Gm-lpa-TW-1 #Y7K
TS B AR R 5. 81mg/ g, M I 5 K T 15 4R AU SR R
35.25mg/g P2 3t AORFAE 2 5 o 3R I O WD I U
D EERARE(K2), SRR R
TR IR R IR . LPA Bk K IR0 & B A
3.6mg/g, &GN 5. 6mg/g, It B FH AL T HPA % &R
37.5mg/g Fl139. 2mg/g M35 5% 15 M AE LPA #R R 1Y
FFFHEE 2 & i (KT HPA BER 3 & i (1A
2) L HIE AU KR O FR T LPA AR ATHE & 20K
HPA ¥R R 1 27. 2% , 25 ik B 8 5K, i —25 4
Mk 22 ASRME & B 078 S IR B, O LPA R A ISR
TR IEE LT HPA BRR (£ 2), SRS
ST TS RARRL, S Rk TN A 1 1 [R] — bk R AEAIR
BRE SR FATZES L H LPA ¥R 5 HPA HRRLE
B 25 5 W AN 2 IR S s (| 2) DA
LAY HTRT A AR TR 99 725 A v A 1 MG S 2R



5 KEGAENR Gm-lpa-TW-1 FARAERR VIR 55507 25 R A0 5 1 AR G 40 7 883

B A PR 5 PR R R 3 30 R 3 st A%, T A
SRS HPA I8 & LPA S8 T8 e E ik
Vo U 5 A8 B AN B AR T R S0 v i A AR
i 1T EO R AR SR & A R

3 e

A 3 A B A TR AR TR I B B PR 2R A
T Gm-lpa-TW-1 ,iZ 1 32 PR BB B X A 1 Hh A9 AL R
T R 60% DL L, ToHLBE S BN 7 ~ 8 A XF R AR
PRIEAT f B MR AT A 0, 5 M A 780 23 A A e 58 A8 f
JEEBRE 5 SRR TR RO B A, S R T 2
5o AEMARI T R RS AR A ) H ] & 2R T
S A 7R IR I L M 7 2 v TR AR R R URCER 9 Fb
¥[11] .
3.1 REBRTEENMFLZFROZM

MR £ EAGAAE & B B A Trb R T &
B, Rkt 4 B AR B R AR S gl i AR K Y
TR, I LERE R P AL A9 - 5 e nT L R
FEAEYI R T Ao FE e B EE R R
REARCAE iR 75 i T AT Rk 8 VR - 1 35 55 o, {HL
PR 38 1 D e 2 R B B AR R 2 K3 KR AL
AR IR A A A7 a7 H R R 58 A8 1Ak
T 25 R R AR ) A A AR ML W R S8 v 4 . DF9E
KB, AR G AR JE PR T 2 2R I i A AR TR, 4n
Yuan ZXHERE R K B RAAK Gm-lpa-2C-2 BIBFFEH,
BRI EAFALL , RAE R 28 A8 1A Fh 1 & 27 R A bk
EFRENY B ANE R AT DL A R
GEARKI I F- 2 ZE B AR R A0 K SR
2 i % CX1834-1-6 HyfF5E, KB 36 A~ [HI 22 it R A
18 MIRHI AR PR 2 10 & 25 545 31 i 2 3 s TRIAE
TEAAIGE R A [R] 1) 2% 528 20 5 XA R 28 A2 AR 11
REFMERIAT AT IR, 25 R R AR A IR MR 4l
228 Je AR 4] DA 5 1 R 25045 21 W 10 038 A Pk
F X SRR RE BN — 0, W2 uE ] TR
FATRGE AL XS Fh & 2523 7 HE BN R s ] LU 3 &
(RE AN LA
3.2 DEMMEEBRMTEFRAEIE

R EFRFNL F0E—Fh - FA R L G AR R 45
o P AT 2 b BT 5T 32 B . AR R 28 28 (A X %
Pk BT AR, R I 2 2 A s T A S B
WV LA K G BUEAZE A T s T W PR Y rh R

Pl R 2RI, AT R A6 Rk 1) AR R D
FXF FATE 5 PRI X I R o 14 B i, 445 2R A 3R . AP
FRFh T 5 Z B IR A ST 455, T 2 8K 2 %
TR B AR 5 B R S s 1 3y i 9 (IRAE R
KR W0 ks SEABE S AR R PP T 1 &
ZERFFT X5 Meis 55 X KGR R 28 B K mips 1Y
WFFR s g o —300 b —2 R T A R 28 A8 5
PR 5 PRI (4 AR50 2 5 M TR R 58 AR P & 2 %%
B EEE R, AT A & B K G 45 4 A I
MR IR 2 10 & 25 5B WA TR K G0 2438 4L A IR
TR IE R X AR S BB R TR TR, 5 2 A 1Y
ST 32 2405 3 O, R R RN ARAE R 28 A8 S [
S5 BARRFRE R E R T & 2R EZF A

3.3 Gm-lpa-TW-1 FREBERRTEBEHSENX
E

A5 R RHL IR R AR Gm-lpa-TW-1 e
St AR S AR, AT R IR 1Y AR
12, R AR A RTAR IUEE S 502500 & W A 2
PR IR TR 5 2 AR 3 A2 A7 A DG TR, 4976 oy 4 4
AIEERRERIL " S BUH R & & & AR AR TR A 3 R 5 7%
W nl e EE Oy & & & AR AR, U R HE A R
H AT FE R 2 A8 IR G AR A R 5 A5 1R LR33 IR R
WS R RN B E K" Cm-lpa-TW-1 S 4L
HIWFFE R, MIPS1 5E H 5848 J T 5O R 7 1 MR
FEJFH T AR TR A R 0RO
PRt e A 7] B B AR AR TP B R A U, A
WFFEUESE T X —HEie, Bk — 25 50 UF 7 IR A iR AR 5
BRI R E DS R  EM B R BT
KRR E— 25387 5 BE AT I T M = RE R MR
H MIPS1 JER 5848 28— R 230, 8% 5 MIPS1 JE
PR A7 7 1 06 2 ) HAth 32 PR ) A AT 75 10 A adE— 25
ik,

K GAR M 3= 2 A 45 A AT RN K D508 | [R)AF R —
FEARER S T I AR, BRAIR T KGR AR, 2 —
FE N7 e R G B RS R AN
B AN , AR I AR R b & e s R
ST 5 — BT, TR S M R
UK =22 R H 2 TR AR 2 B8 SR
LA PR R & A R, RE B4R s I & i,
FRATAIR SR o it B atE— 20 Bl R G s RN (EL, XX
T v A R A R O e L AU A



25 %

{1

%

884

“[eadr Kipqeqord 1 -0 1@ soury
. SOIN

T AL T AN 1070 W VAH E T G S WO 07 VAT M SO T T AN 1070 T € SIRE ) idd 3 6 1AL 0w s,
IP9I~T el €6b~LT€  $LI~T0l $°66~L8  TEI~68 9€I~6€Il 6°LF~00¢  €9I~68  6°€6~9°IS [pI~€8 aguer ofqeLIeA b 75

VdH WoIj JUsIoIp JUBOHIUSIS SeM Soul] '] SnoS zowoy ur Juajuod ofeIpAyoqres sueow ¢ [oad] Aiqeqord [() () 18 ¢ UNYIYZ WOLf JULIRMIP JUBDIIUSIS SEM JULIU0D SIBIPAYOGIED |- M [ -Dd]-us) sueow

[ 971 S 8¢ I°¢l ¥ °08 61 11 0°6cC1 ¥ 9¢ ¥l L'89 (40! PPt Hj ch VdH
801+ G ¥l [ A1) 6°1+8°CI €'8F LIS CUFIII 6 CIF¥°0¢€l 6 V¥ GLE €TCFCTI 70l F €769 SIFTII OBRIOAR [or
§091~ €°0CI CLI~0 6CI~0'C 98¢l ~ €901 0°¢l~¢'6 Y OLL~ L Vbl 6'8~0 c8~0 VLvI~¥'9¢l  v'61~87°01 oBuel S[qeLEA 1) 7E
9l 6°C (Y L9l 601 L 8S1 8V 8V S cel 8 vl S[ppw Hj ch vdl
8 11F9°¢evl 0°SF9°¢ SEF VIO S6F ye Vel I'I¥6°01 0°LF8LST S EFy9°¢ CeFwE [°6F T 9¢l 9CF8 ¥l oBeIoAR for e
[ AN 41 STCFT OV 0CFL6 LOFT'I8 S'I+6 8 1°6F¥°0¢€l L'TF€°6¢ 0CFI'L €TCFEBL 7'0F8°6 € unyayy L ¢ g
9°¢F 681 LOF..¥'S YI¥F09 §CTF..e°0CI E0F..ELT  LVF €091 V1¥..8°C S0¥F09 CCF..68 60F, €8I 1-ML-Pdj-wd
®101 asokyorls asourfjel osomons as0on|3 101 asokyorls osouryyel osorons osoon3
LYW R et A e "W R HERE e e %::
Sunuepd 1o)um ‘¢ ueurepy 5 B g Sunuepd uwnne ‘noyzsuepy B2 4
(3/3w ) JUSWIUOITAUD JUSISJJIP Ul ¢ UNYdaYy pur

Tb?HH@&-‘EU wo SSOI9D :m m@ﬁz <n,—m\<n~4 mn— wsom%NOEOJ mo Jualuod @a@pﬁ\mLOngo @LH mo mmm\ﬁm:< N ﬁ&.mh.
WEES ML Sy S ey B WER VAT/VAH b)Y Jl I T EFEFES FML-vd-u) 7%



Journal of Nuclear Agricultural Sciences

2011,25(5) :0879 ~ 0885

Sk

(1]

(2]

(5]

[6]

(7]

[8]

TR RSP PS8 R BRI M DF SR e S S e 2 ()], B
2, 2004 ,18(06) :438 —442

AT PR E A WRIELL MRS BF /N, SR oK
TR I AE R E IR BT (1], MR 2741, 2008 ,22(01) :55 - 59
I, TR RO, Bt 55 AFIRSE, RIBE. W IEHLBEIT
R A Ik TR AR IR B T4 [J]. BaAde =41 ,2006,20(01) :
15-18

Pilu R, Panzeri D, Gavazz G, Rasmussen S K, Consonni G, Nielsen
E. Phenotypic, genetic and molecular characterization of a maize
low phytic acid mutant (1pa241) [J]. Theor Appl Genet, 2004,
107:980 - 987

Meis S J, Fehr W R, Schnebly S R . Seed source effect on field
emergence of soybean lines with reduced phytate and raffinose
saccharides [ J]. Crop Sci, 2003, 431336 —1339

ZhaoHJ, Lu Q L, Fu HW, Xu X H, Wu D X, Shu Q Y. Effect
of non-lethal low phytic acid mutations on grain yield and seed
viability in rice [ J]. Field Crops Res, 2008,108 ;206 —211

Hulke B S, Fehr W R, Welke G A. Agronomic and seed
characteristics of soybean with reduced phytate and palmitate[ J].
Crop Sci, 2004 ,44:2027 -2031

Oltmans S E, Fehr W R, Welke G A, Raboy V. Agronomic and
seed traits of soybean lines with low-phytate phosphorus [ J]. Crop
Sei, 2005, 45:593 —598

Spear ] D, Fehr W R. Genetic improvement of seedling emergence

of soybean lines with low phytate [ J]. Crop Sci, 2007, 47.1354 —

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

885

1360

Gao Y, Biyashev R M, Saghai Maroof M A, Glover N M, Tucker D
M, Buss G R. Validation of low phytate QTLs and evaluation of
seedling emergence of low phytate soybean [ J]. Crop Sci, 2008,
48:1355 - 1364

Yuan F J, Zhao H J, Ren X L, Zhu S L, Fu X J, Shu Q Y.
Generation and characterization of two novel low phytate mutations in
soybean ( Glycine max L. Merr) [J]. Theor Appl Genet, 2007,
115.945 - 957

RN ARZ R X R g, &7 RS8R AR & JC AL 22 R (R 1Y
WHE AR DI [T]. P EA A, 2005,38 (11) ;2355 -
2359

Strother S. Homeosasis in germinating seeds[ J]. Ann Bot, 1980,
45.217 -218

Bregitzer P, Raboy V. Effects of four independent low-phytate
mutations on barley agronomic performance [ J]. Crop Sci, 2006,
46:1318 —1322

Chappell A S, Scaboo A M, Wu X, Nguyen H, Pantalone V R,
Bilyeu K D. Characterization of the MIPS gene family in Glycine
max [ J]. Plant Breed, 2006, 125:493 -500

Hize W D, Carlson T J, Kerr P S, Sebastian S A. Biochemical and
molecular characterization of a mutation that confers a decreased
raffinosaccharide and phytic acid phenotype on soybean seeds [ J].
Plant Physiol, 2002, 128:650 - 660

Voragen A J G. Technological aspects of functional food-related

carbohydrates [ J]. Trends in Food Sci&Tech, 1998, 9.328 335

(DUESH  TRE)

LA AL AL AL AL AL AL AL A LA LA L A L A LALAL AL LA LA L AL AL AL AL A LA LA LA LAL AL AL LA LA L AL A LA A LA AL LA LA LAL AL

(L% 843 W)

[11]

[12]

[13]

[14]

TR, RN, EHER, T, FIH SRAP 5 SSR FRictsr#r
ANFZETIRSE R BE ZAEELT]. EMS4R, 2008, 34(1) 37 -
46

AR, KRB, ERI, ERF. WA S RAP ARIC/HTRE E
KHZ R ES. EXRBI 2007, 15(s1) ;154 - 156, 159
BFEEE, EEG SRAP 4 FARIc kI Fok A2 RIEBIIR(T].
PadegL 254, 2007, 16(3) ;77 - 81

XSRHE, KA. FRIFESEYBR[M]. P EER R,

[15]

[16]

[17]

1997
falgats, V&b, BREERE, M3, # 595. SiFIRIEAE R AR
A5 5 K H SSR ARG A HERTFE[J]. B4k, 2010, 24(3) .
460 — 465

T, KM, AR, TEM. ERKIEAE RN SSR G
SOH[T]. Bdk2EAR, 2008, 22(6) :750 -755

T Aels, PORAR, RS, EREIY. DAEBRAHSISFT SP2
1R SRAP 439 [ 1], #AR%:4R, 2009, 23(5) 1758 - 761

(DULSH  TR)



