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# E WENSFBIEFEERSE XDEEIERE MY (Unculurable microorganisms ) J KA ST EME W EHEH
HAREFEREGNEEAR, 8, 2FHETAN, B2 AN EEHMETREYR. KB r+8F4AR
(physiotypes) BV AR PP i 4. A5 AEHELEHTPABRERIFTHRED AT XA HBE DN SN
HEF SRR T AR HE SARN XF HM/NERS AR, EiE K PHERELE0 ~ 10°)/mL, 3
B 4 1.54 Mbo BEAE T2 09 R Mot 50 55 IR 2R 5 2 20 8978 B4 K o 40 8 B ( Nanoarchaeota ) , L R B (L
500 kb, EEHMEBENHRDE. NEANEES SR ELZHHREYNIBPREBHFREEER, K
AR B EEFERAEGEN L RN LAFARESE HA4RE—VIBNEBEERE

biiZ=iN e

XA RERGREY. LB, KERVNMATE SARN, RS KAME

PESAES 093 X#HFIRE A

THEARHEOGUED TR S8 bihie TRcE
PEERERMMEMRENTR  ARAETIRBATRER
AMEMTY EBAL ANLAIRNELLEANNEY.

KA HEANMBEROBEMEYARRFLENED

PR AE1.0%. . HETL FHERNEEERRFEN
BEYTHASAMNGE TR EER, EMNE2EN . HEM
FEENHEDS . AT ESYRRBEATERR
Ao FDNABR BIAEGEFE L REAEPHFEEXRRE
BRI MY AT . Oleen S 15 1986 B KX —H
AREORFE DS EHEREMIETE SIRBATEXS
BhEN. A EM 2058 @dERE R ATENRE
WERENERERN EAAREUE 3 B E B A 1987
FORAVERNMEDH 26 N3 (phyla) 20 ERHA X
MEPEHCEZRS2 LR HPEREREEREM, ML
ZEMERKEN, XET AT AN HEDER L0
MR .
HRRECHRBLAXEHRE, A A RN
FPIRCAHEE. HARABERBEALE ENLHEIE
EXMEXUEEFAMEAFE B ENMHEE EENE.
ORI AR RN RN ES, RS ITERRRMN, Wik
FERBMEHANRR=D . ERBEYERT. . /K
PEEHANTHRSERRELANER, EHAEHEE,
BUYFAAY: KBTI AREEINFER MMM AFE
B FEEMENER UM NRBMARNS., EXRE
IR I HRE.

Y& H $1:2004-05-21, #2 [0 A K§ :2004-07-06.
»ERIEE.  Tel:86-21-54924179,

MBS 1000-3061(2004 ) 05-0641-05

1 3 = H A (physiotypes) i £ 4 8 £ 3L

B T Tal oL 7 {4 0 0 5 4 R X 19 Y A 5 S 06 R LR
FrAMMLEEANEY MBI AR, RAEEENERE
VLR EFREMETRER.

£ FHEUAEEIROTEMEBOER
Table 1 Growth-supporting reactions relating to the recent
coltivation of novel organisms

Gmwth-sup]x;ning reactions References
1. 2H, A O, (P B ) + 0,~HA0,7 + H A0, +3H" (6]
2. H;A.0, " + N0y~ +H,A<0, "~ + NO, (7]
3. 4HPO, - (TEREME) + 50,7 + H* —4HPO,? ™ + HS~ 8]
4. 4HPO;* " +2C0, + 2H,0—4HPO,*" + CH,CO, " (L M) (93
+H”
5. 5AHDS, ~ +2NO;  + 7TH* —35ADS, - + N, + 6H,0 [10]
6. CoHg () + 6N, - + 6H* ~~6C0, + 3N, * 6H,0 (1}

7. 42-Cl-CoH,-OH(2-F % M) + CH;CO,H(Z B} + 2H,0 (2
—4 CoHsOH + 4C1~ +4H" +2C0, ’

8. HCLO, (GT# M) + CH,CO, H{ L&) —~Cl~ + H" +2C0,
+2H,0 (13]

9. 4Fe( 1 } + O, + 4H* —4Fe( 11 ) + 2H,0 [141015]
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1.1 ERBMIEARTFHE RRIER

BWILEFLBLUVHAMBSMREETARSR. R Schink
£ FREAN T ANBRARY T HEL EALTHE. R
B iE R BB R M VL BE A R A TN FERIER 2
~4 AWl o, 8 0 RS I R ™ I 8 B  Desulfatoge-
num ) HT#p B J7 B 8 E 1L 7 B ( D . phosphitoxidans
sp.nov.). EEEAEFRBMEREFEAT ., CO, IrE—ik
WK BN 3-4 K. RERMEI, ALK 4.
HE EOM AT, HRBSAERRMEATE. (0.6
~0.8)x(2-4)um, HiZZH N FL KA. HEBRR
B SThREM A E SN R EXT A AN ERE
AR, AR E AN T & G M AT BE Bt i3 B
B BN
1.2 THEB{EIRTFHE

5 1k T A E AL B9 AR B 5% B A (ol At R Ak E AR
{14k RE B AR E (NT-26) 892 B, Santini ¥ MK E £ 9
AL EXEHNE AW EFE AEVUERES LW
B PR, EON SRR LM COo, MM —-BRIBAE K. 16S
DNA JF 4P 0T RO NT-26 B T o BIE H B I R HRAF B — R
3 T HER — B -

T AF  Oremland 57 MK 408 0 etk W Eh g 1 B8 A
FE(MLHE-1) . o] 76 885 P 80E ¥ CO. 2 PCRIRKLE
W RS- RIS A TEE. BRULEBBRE
A R REEEMBMETFERE T REERS.
163 tDNA FEFI 57 47, %) MLHE-1 J& F o B HFE 09 4P B 4T
¥2 5 J& ( Ectothiorhodospira ) -

1.3 FEEAHUDAERURGRTIEH . KREREY
[FEEETEMERS,

Sanford %7 R A - EEMBEHE TR A LRGPP
AEFSHETRARMFT AAXXDEMHM, BEE
MR, daag ARiTEH AR TEH.EE 2,
STEER-HEMS AR FER, M BT KA
FEHTHK. H 168 DNA FH S EFIE 9.0% 8
Z9 EHAA T A EE oG K B B (Angeromyxobacter
dehalogenans gen.nov., sp.nov.}.

BT O R AR TS Y FORE R BT ok Wit R R 2
M= BT+ 4, Achenbach 2% 43 B Bl AR 4 T M A
BB, H 4 B E B AT AR A MR ( Dechloromonas agitata )
15 B FAK( Dechiorosoma suiflum) o
1.4 ENFESER

ERABMEFRSHGEEAG WA TERETHE
WA R TR ERKMER, CREFHT. HE
VRS AER SN ATEERERERATHEEN
M. B, Coates B HEEERX —ZHT LMBL
IR TERER AL PRFFLSYHHEE. T E IR
05 i 85 ( Dechloromonas , strains RCB 1 J)) , BBk By o 86 22
R I RE ., RES XL HHKE T2 HE, 165
rDNA S ATl ¥ 3% 98. 1% .

1.5 BREBHREHIBFHRE

BT Y E (humic substances, A B R EE T HIE .8
FHBABRMTAS R WMAAS S ERERERS S
MUY, REMTHRIEY s HKERRMERAK
T (electron sinks) N E B, K REMEDHBEA
AHEBREE TFE W r(IELDZRRYTHEERT
Bk HEREL, HITIERERN TR T UYREER. Coates
S0 (e HS LS MR L2, 6- RUE MR Z i M (ANDS) fE
AR T, BEE YL FER ABERBoREARET
i AHDS O F M. 3B T o By M S BIREFE., X
THEuEm HS MEE B E AR TR B8 R R
1.6 Fe(l )M9EBEL

FRre(l)MEAFMEEAREA UM ETER
( Leptothrix ochracea) , I F& ¥4 41 B8 ( Gallionelin sp. )% . R
FHARARF RGN EERFEHMATFIRN Fe(ll } +
0.250, + H* —~Fe( [l ) + 0.5H,0 Fi g5 e n[ L M A po e B 18
T(AG~29KT/mol BIEE) , IEfLEE A FF A RS H AT
JLASANBE, 546, FEPHE pH S F Fel BB FEBAR LG
BLEAERRE Fe( M B, LM AERRAE L ALH
T

Emerson Hl Moyer:“.Eﬁﬁ%ﬁ&mﬁﬁﬁf&fﬂ“ﬁﬂm
HEHRATES CO. M Fe(l),{8 H,S &k, BER O MREAH
BEAHH B 2 R (S BT L AR R A (1.9 % 107)
(B3I mLESY. FEELVNERE ABFEES
R M BIE A A R R R B R O
MERLE MG, R SRS MEANRILER~E,

Neubauer %" ESHHM B R BRI K AL
M (Br THE) B A REETE Fe( I FET AREE K ERN
BRIESEEM A S h MIEHRSER/LHREHEHES
R R BT S S B H I8 18% - 53%,
T M 2290 0.70 gmol Fe( I )H L.

FRTHE BF T Felll VREMEMH LR ESD
2= Yy i J S i

2 EHASRBEHERENT K

1 IFEAGTAEORHANMSESIESR

Giovannoni "' A Z HET X E A 5 F Sargasso 1
BEREEENERAEGARIDEST THRAYHE. §
%, A 25 A Oregon M HY#F BORF KSR BE . LI BN FEBERREL LA
HILBRBENEKNSEAE FREEREHTREMAK=
ERE., ERFLFER P RBACEE (23 4), KBH 1L
A B Y, 4% 165 rRNA HI 165 ~ 235 (DNA B K |6 FF %14+ 47,
BEYEREBTXR,HUBESARII BB T « BHEHEN— T4
¥, SARN BN 2EHE. K 037-0.89 um, HE
0.12~0.2 um, KB 0.01 o’ . HEHEK 1.54 Mb. FEHLE
TEBEAFEGFMLKERE 52 MK P RNA EE,
HERXUSAR ERFEMNEH, NEEHBREEMLED
B 50% , W &L K (subeuphotic) # 4 P HEIK Y 25% , 21
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HH, EEREHP SARI ARBA R 2.4 x10°  HP L 8w
BTHEXK. B8R X BB EMR FBXMIENEY,
2.2 THREEMH S

AFEER  TREFENHED KAEHIRXERY
ERABETEBRM P L ER, T R e EESEZ AT
Bo Chin B P ABEF BN K E BRI HER AEE.
REEYR AWM ADSTHE, BAERER Dico BEH#F,
BHERFEHMN 100, FREAKEA LR SHBARE
BMEGRE TR 24x10°, RAZSHBBEEBEES
Mo arEek, 9l ait ¥ s%, s BT 6 1 BE: Verrucomi-
crobia , Cytophaga- Flavobacterium- Bacteroids , B # XLVa, 9 #
SEBK 165 (RNA XEFFH AR T2 AF5,

Jansson ZE MM AM B R FE T HLEFSE B.oi
BETTIEETECRATRE RN 1/100 HFEOEFERE,
KBTI BEE. L ISBNA ZEBFEFAHE THOE
# .M Actinobacteria , Acidobacteria , Proteobacteria , #l Verrucomi-
crobia .

23 BAOHHEMBERNEE NS

BEAWLERH LD EEZ AN, HMER K,
Leadbetter 21 JAE5 8¢ W 4L 1 BUEE, 7E H, 0 CO, KA T #
OEG 2B RAIRIE(ZA 1,20 S2). B A S A ME
HEL0.2 px (3~7) pm], H 1658 (RNA F R H BB E & &
B%, ZAS2HKTE H,, A" CO, HRic Wik WA W&~y
HERS Z 8, 0 FRFAR 4 H, +2C0,—~CH, CO,H + 2H, 0,
H, + CO,—~HCO,H ZB R ™M (80% ). 5 ZA S2 Rfd,Z2A
SIAUEN, TER A9 B0Z8 FRETIH.
R A N H AN R BEE S T RE R
E.

F—BEEEY X — S S MRk
BB RER L ARERELE (ul HAEKESN. X
—E NI, R TN IR B IE R  SBUE S B B,
HYFERAAOAH S ERK(0.05%), MERIE AR R0 #
R EBREELLEYEENE,

2.4 BMEBPRXELEENLR

LRI KM B P SARI BRREEERN R
MR HERASEWMFE. IEESHIE. HEHS
P/ 0 R BB GE Hluber %512 BT 45 365 49 48 75 R o 4 6 49 K
ME. EENKSEERROBRE, F OCTHE S.H, M Co,
FET.ABHEEBNAFRERE, — KIBERE (Jgnic-
occus) R BLAIGERE R BB A R/ RE M, EF &8I K
BREAMAN/DR, SERAEATSKRMAS S BRmER
FEEER HELEERVNRBR. KEWRTIERE
RNA P51, iE B ss tRNA BEE S5 X B ETR 52 NS
HEFE BT HOHENESN. REARBEN N BE
RAKEE, FHETARENR, HEEIHAERAKY
1 I Nanoarchaeum equitans) o

ARLAREBERAZH L, ARTEEARES
HARERK, LASKHRERMEEM, ALK, SRR

WHFIOLEMHE(I0~90T), RBES(H,:CO,), o H
EHEARRERE 0 TAREHETL. #EAR
JEM 0% VK BBV IT IR S L, TTi§ 1.5 ¢
2@, KEEX/D . EME R 500 kb, REAFEZ SRS
BAE, ETHEREREEESM/AMERSA Ak N A8
MERBEDEGERERENEL S HEAARELEE
HMBEABER THEGERSHLREENHEMES,

3 FAMSBRERT E

FHRIEERTEORBEERFRESMFREARRR
BUAIGR AREEHMNERES, X8 BENEA
MRS T Hh R T,

3.1 @ERmEEE™

BARTEESOREDRAMURSE BLEHE B
SEE (KRS, H 882 B %55 B % (micodroplets,
GMDS) Hh SR MMM %, % A KEERH EH
ADMEOMEREESEEE 1), ADBEO.1 pm)BiIE
P IR AR AT A O (8 ) B Ik BE P S A 36 B 440 D 33K
&, HRGHFESMEDERHNEREETNERLEIX
B K #h 7SR KHPO, NLOAMEBESRSH4AE. L3
B ) R Sl 9 P 0.859% Y NaCl ME MM 5.

3 B8 A P 0 R R AE IR — FF R B Y % 9
PAR ERKBEFHEIT ARNE, 1 5% — B B
(phase I1 )M —Br B (phase [ )KBHRHEEEMHIE
BHANERE MEEPAMRBITRERE. S A
F BT R B A1 35 107 /mL, 3 A B K8 A M 0 1 0E
heatEsE. UEEREZAMKRERALERER . HThE
Hy B URAR-BREEERARERESAMAE.

Sample Phase | Phase 1
preparation (Growth column) (Microtiter plate)
Sample Free cells
l washed out
Purified cells
Encapsulation _
of cells into GMDs
=

Low-organic
medium

B LREEMEAE
Fig.1 Model of the experiment setup

Organic-rich
medium

Cells captured from environmental samples were encapsulated inlo GMDs
and inoculated in growth columns { phase I ). GDMs containing micro-
colonies were detected and separated by flow cylometry into 96-well mi-
crotiter plates containing a rich organic medium ( phase [l )

3.2 ¥HpEE™
Kaberlein %15 % @3 BN E  H Fl M ED A 8B
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R, SRENBRYEAFERAMED RETEEAAR
W10 SR, KPR RALH RN, TIHONRE
PEWREE YW R, R T K R AE . EA R,
s FEE, FMRBROEBATRARGED ERLAR,
BP A A, LT Rk R RN 0% AT R
BOHRGHA ABRSE, URBAM, FEED, X
HERE AR EAFRAREIER EREE.

4 4% E

5]

MESCRRR BB EANREEFARED O E
SRFAERFLA REILARNAREL AN, WX
RO FRE S TR MK RE, MK,
T, AR S T R R E . AAFENE RS
MRS T BN E R T XA, AR
o B ) AT 5 S A T, R A I 2 A TR PR A (R
W& .

AEEIGKAEBKBFHROAR, RRATHEEX
ANSFEESA MK SARL B, HERSA 5T REMAT.
SARII ER#RIFEMRBRE XK, MR AX—REL
EREEN.

EHEBERWRERRIRT &KX G B, %
B4 500 kb, 7 B % B 40 A o 19 B8/ 3, o B M K
FEFERBHTIRAHH,

B W AX5448 AUAFEHPEHEERSEHRIH
B, 4% B,
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Feedback-insensitive Anthranilate Synthase Gene as a
Novel Selectable Marker for Soybean Transformation

CHEN Shi-Yun”
{ Wuhan Institute of Virology , The Chinese Academy of Sciences, Wuhan 430071, China)

Abstract Because of the concermn aboul escape of antibiotic- or herbicide-resistant transgenes from transgenic crops, selectable
marker genes from plam origin would be an altemative choice for plant transformation. In this study, a feedback-insensitive
anthranilate synthase gene ( ASA2) cloned from a tobacco cell line was tested for Agrobacierium-mediated transfonmation of axis tissue
of soybean mature embryo, with a tryptophan analogue 5-methyluryptophan (3-MT) as the selective agent. Southem blot analysis of
the T, transgenic lines confirmed the integration of the ASA2 gene into the soybean genome. Northemn blot analysis showed the ASA2
gene was also expressed in the leave tissue, and the free tryptophan content in the leaf tissue of ransgenic soybean was about 59% to
123% more than that in the wild type. PCR analysis of the T, progeny showed that the transgene was inherited in a Mendelian
fashion. All these results indicate that this feedback-insensitive ASA2 gene can be used as a selectable marker gene for plant
transformation. This work also demonstrated that the ASA2 gene coding for the a-subunits from one plant (tobacco) can interact with
the f-subunits of a heterologous plant {soybean) to form an active anthranilate synthase enzyme. The use of this feedback-insensitive

gene as a novel selectable marker for plant transformation is also discussed.

Key words  Anthranilate synthase, feedback-insensitive. clectable marker, 5-methyliryptophan (5-MT}, soybean transformation

For plant transformation, a selectable marker gene is required to
distinguish transformed cells from non-transformed ones. Over 50
selective agenis/marker gene romhinations representing more than 40
unique selectable, lethal or assayable genes have been used for plant

transformation! -

. The widely used amibiotic-or herbicide-resistant
selectable markers raise the concems of the transfer of these marker
genes to other organismsm . Some of these selective agenis mav be
efficient for certain plant species transformation but may not be
suitable for other plants. In addition, some of these selectable markers
have alrcady been patented and the commercial use of thesc genes
faces proprietary limitations .

Due to the reasons staled above. there is always a need to
develop novel and acceptable selectable marker genes for plant
transformation . Tryptophan { Trp) is an essential amino acid and is not
synthesized by animals and human. It is also a precursor for the Trp-
dependent biosynthesis of the auxin 1AA-** | Anthranilate synthase
(AS) has been shown to be the committing enzyme in the Trp
biosymthetic pathway. This enzyme is a tetramer containing two o-

subunits and two B-subunits, it converts chorismate into anthranilate,

which is the precursor for tryptophan biosynlhesism . This enzyme is

Received : (1-18-2004

feedback-inhibited by the end product tryptophan (Fig. 1), which
binds to an allosteric site on the AS catalytic a-subunit. Mutant ASA2
genes isolated from maize and rice have been used as selectable

TS LT
markers for maize!® and rice’”!

transformation, respectively, with 5-
MT as the selective agent. Tryptophan analogues such as 5-MT and o-
MT are toxic to plant cells and have been used as selective agents to
generate Arabidopsis mutant lines which contain elevated levels of free
auxin** . The mechanism of using 5-MT or a-MT for selection is that
these Trp analogues inhibit tryptophan biosynthesis and disrupt the
functions of proteins in which they have been incorporaledjs"ﬂ . while
mutant or feedhack-insensitive AS genes may have a feedback-altered
AS form which leads to higher free Trp accumulation.

A feedback-insensitive AS gene (designed as ASA2) was isolated
from a selected tchacco suspension cultured celi line which was
resistant 1o 5-MT™® | Transformation of this AS42 gene into the hairy
roots of a legume plant Astragalus sinicus resulied in an increase in
free Trp and the hairy roots were shown to be resistant to 5-MT , but
the selectable marker gene used to obtain the hairy roots was apt IT .
Re-engineering of this tobacco ASA2 gene into the tobacco chleroplast

genome also increased free Trp content in transplastomic tobacco, but

* Corresponding author. Tel: 86- 27-87199354; Fax: 86-27-87199354;E-mail: sychen @ pentium . whiov.ac.cn
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Phosphoenolpyruvate+Erythrose 4-phosphate

!

Chorismate

oy
-

Feedback inhibition

Anthranilate synthascl

Anthranilate

y
v

Tryptophan

Fig.1 Feedback inhibition of anthranilate synthase by tryptophan

the selectable marker for chloroplast transformation used was
andA!'™ . To test if this gene can be used as a novel selectable
marker for plant transformation, a soybean transformation system based
on using the feedback-insensitive ASA2 gene as a novel selectable
marker with 5-MT as the seclective agent has been developed.
Transgenic soybean plants were generated and confirmed by Southemn
blot, and the ASA2 gene expression was confirmed by Northem blot.
PCR analyses of the T, progeny lines showed that the transgene was
inherited in a Mandelian fashion. Advantages as well as limitations of

using this selectable marker for plant transformation are discussed .

1 Materials and Methods

1.1 Plasmid construction

A BemH I -and EeoR [ -digested fragment of pBIN-ASA2®
was used to replace the 358 bar fragment of pCAMBIA3301 to produce
the binary vector as shown in Fig. 2. Both the intron-containing gus
gene and the ASA2 gene were driven by the CaMV 358 promoter. The
trascription of the ASA2 gene was temminated by ils own ferminator.
This construct was first transferred into E. coli DHS5a competent cells

1 The plasmid purified from £ . coli

using the protocol as described'
was then introduced into A. tumefaciens strain EHA 105 by the
protocol frem Chung and Miller!')

RB 358 GUS NOS 358 ASA2 LB

S Y ey B e B S e B

Fig.2 T-DNA region of the binary vector using the 355-AS5A2
selectable marker for soybean transformation.

RBE: right border; LB: left border

1.2 Agrobacterium-mediated transformation of soybean embryo
axis .

Mature soybean( Glycine max) seeds ( genotype: Dwight) were
sterilized in 15% Clorox for 15 min, then thoroughly washed with
sterilized distilled water, and the seeds were soaked i sterilized
distilled water overnight. The next day, embryo axes were isolated
from the seeds by culting in the middle of the seeds, I.!;nen removing

one of the cotyledons and pushing the embryo axes out from the other

cotyleden. Primary leaf tissues were carefully removed, and wounding
was made by slicing through the meristem tissue about 1 mm deep using
a # 11 surgical blade. The explents were then put into A.
tumefaciens re-suspension medium. After all the explants were
prepared, they were either left in the hood for 1 ~ 2 h with shaking,
or vacuum infilirated for 1 ~ 2 min, then left for 1 ~ 2 h. The embryo
axes were bloltted dry on sterilized filler paper { Whatman # 3), and
co-cultivated on sterilized filler paper with 1 ~ 2 mL liquid co-
cultivation medium in a 100 x 15 mm Petri dish (1/10 BS salis + B5
vitamins + 2 mg/L. BA + 20 g/L sucruse + 400 mg/L. cysteine + 200
pmol/L  acetosyringone ) . Cysteine and acetosyringone were filter-
sterilized using a .25 um filler. The plates were placed in the dark a1
237,

After 3 ~ 5 d of co-cultivation, embryo axes were transferred to
selection medium ( MS medium with 4 x of micronutrients ,, designed
as4 MSl medium) with 100 mg/L timentin and 100 ~ 200 pmol/L
5-MT ( Fluka Chemika, Germany) that had been dissolved in hot
water, filter- sterilized and added to the medium after autoclaving.
The cultures were kept in the dark at 23°C for 2 ~ 3 d, and transferred
to 24 h light at 28%C for 4 ~ 5 d. The explants with visible shoot-buds
were transferred to shoot elongation medium( WPM salts, B5 vitamins,
2% sucrose, 0.4 mg/L. T1AA, 0.4 mg/L GA;, 50 pmol/L 5-MT, 100
mg/L. timentin) . TAA, GA, and 5-MT were all filter-sterilized and
added to the medium after autoclaving. The explants were transferred
every 2 weeks until the shoots were 1 ~ 2 c¢m long. ‘The elongated
shoots were then rooted in MS rooting medium without 5-MT.

1.3 GUS expression in embryo axes

Ten days after selection, some of the embryo axes were incubated
in GUS assay buffer (0.5 mol/L KH,PO,, pH 7.0, 1 pg/mlL X-
Glue) at 37°C ovemight. The tissues were treated with 95% EtOH
and photographed under a dissecting microscope.

1.4 HPLC nnalysis of free tryptophan content

Fully developed soybean leaf tissues from the greenhouse were
collected and immediately frozen in liquid nitrogen. The samples were
powdered in liquid nitrogen and about 100 mg was placed in a screw
cap tube with 500 pL of 0. lmol/L HCl {pH 7.0). One bead was
added into the tube and the tissues were homogenized in a disrupier
machine for 45 seconds at setting 4. Following centrifugation at 4°C
for 10 min, the supematant was transferred to a Millipore Ultra-FREE
centrifugal filter unit ( Millipore, Bedford, MA}. The filtrate was
centrifuged at 2400 RCF for 15 min and 100 ul was placed in an
HPLC sample tube for Trp analysis by methods similar to that of
Berardino et al.!") and Cho e af ., using a 250 mm x 4.6 mm
Adsorbosil C18 column { Alltlech Associates, USA)} and an 85%
isocratic buffer system.

1.5 Southern blot analysis

Pantially expanded trifoliate leaf tissues were collected from the

T, transgenic plants in the greenhouse and were immediately frozen in
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liquid nitrogen. The fissues were ground into fine powder in liquid
nitrogen. Genomic DNA was isolated using a nucleon PhytoPure plant
DNA exiraction kit { # RPN8511, Amersham Life Science, England)
following the manufacturer’ 5 protocel. About 10 pg DNA from each
sample was digested with BamH I and the protocols described!™
were used for the hybridization. A 2.2 kb BamH I /EcoR 1 ASA2
¢DNA fragment isolated from the plasmid DNA was purified with a
plasmid kit (Qiagen, Valencia, CA) and radio-labeled as a probe.
1.6 PCR analysis of T; progeny

Cenomic DNA was isolated from T, iransgenic and wild type
soybean leaves using the method stated above. The PCR primers are
5'-GCTGGTAGATATCACAGTC-3' and 5'-TATAATACTCTCCGGAT-
GAAACTG-3, which used for amplification of a 1.3 kb fragment of
the ASA2 cDNA. The DNA samples were denatured at 94T for
S min, followed by 30 cycles of 94°C, 45 5; 55°C, 45 s; T2°C,
90 s, and extension at 72°C for 10 min. The PCR products were
scparated on a 0.8% agarvsc gel.
1.7 Northern blot analysis

Total RNA was isolaled from young leaf tissue of transformed
soybean lines by a RNeasy Plant Mini Kit (Qiagen, USA). Purified
RNA samples were mixed with 5 x RNA loading buffer, incubated for
5 min at 65C, and loaded onto a 1.2% famaldehyde agarose gel.
Affer electrophoresis, the RNAs were blatted onto Hybond * membrane
{ Amersham, England), fixed onto the membrane by baking at 80°C
for 2 h and then pre-hybridized at 65°C for 1 h and hybridized with the
radio-labeled ASA2 cDNA probe that was prepared as described for the
Southern blot analysis. The ovemight-hybridized membrane was
washed in high stringency buffer for 15 min at room temperature,
y buffer until the background disappeared . The
membrane was then exposed to X-ray film at — 80°C .
1.8 Enzymatic assay of anthranilate synthase

About 2.5 g leal tissue from the T, PCR positive and wild type
control plants in the greenh were collected and placed on ice. The
tissue was first chopped with a razor blade and then ground in ASAlL
extraction buffer {2 ml/g tissue) as described by Bemasconi et
6l | Afier removal of cellular debris by centrifugation at 35 000 X g
for 10 min at 4°C, the supemnatant was desalted by an Econo-Pac
10DG column  Bio-Rad, Hercules, USA) using ASAI assay buffer as
described by Bemasconi et al'**!, but witheut NH,Cl in the buffer.

hed at Jow string

100 pL of enzyme solution was added to a mixture containing 200 pl.
of ASAL assay buffer, 50 uL of 100 mmol/L glutamine, 50 pL of
tryptophan at concentrations of 1, 5, 10, 20, 50, 100, 500 or 1000
pmol/l. and 100 pl of 5 mmol/l. chorismate. The mixture was
incubated in a 30°C waler bath for 30 min and the reaction was
stopped by adding 100 pl 1 mol/L. HCl. After adding | ml. ethyl
acetate and inverted several limes to mix, the fluorescence of the
supematant was measured using a F-2000 spectrophotometer ( Hitachi,
Tokyo, Japan) .

2 Results and Discussion

2.1 Test of 5-MT concentration for soybean trandormation

To test the appropriate 5-MT concentration lo inhibit shoot
regeneration of soybean embryo axis, the explanis were prepared s
described in 1.2 and placed on medinum with 50, 100, 200 or 400
pmol/L 5-MT. 5-MT can effectively suppress shool organogensis at the
concentration of 100 pmol/L. This concentration was chosen for the
following transformation process.
2.2 Development of soybean transformation system

Embryo axes isolated from matme seeds of soybean genotype
Dwight were used for transformation { Fig. 3 A) . After co-cultivation
with A . tumefaciens for 3 d, the axes were transferred into selection
medium containing 100 pmol/L. 5-MT and incubated in the dark at
230 for 4~ 5 d. Under the dark conditions, shoot regeneration was
inhibited and the selective agent was translocated into the apical
meristem so that the non- transformed cell growth was inhibited while
the transformed cells began to grow. This dark treatment is crucial
since if the lissues were transferred directly into the light at 28°C , the
non-transformed cells which are in the majority would grow rapidly and
a few transformed cells present would have livtle chance of growing into
whole plants. After 5 d in the dark, all of the explants were white in
color and no shoots had regenerated (Fig. 3 B} . When tansferred to
the light, the axes bocame gresn and shoot buds began to emerge from
the tip (Fig. 3 C). At this stage, the embryo axes were tested GUS
positive as shown in Fig. 3 D. After transfer of the shoot buds to shoot
elongation medium with 100 pmol/L. 5-MT, some of the shoots
elongated (Fig. 3 E) and these shoots were then transferred to rooting
medium. However, some of the shoots did net form roots in the rooting
medium but continued to form callus at the base of the shoots(Fig. 3
F). Even if the shoots formed roots, the regeneraled plants looked
unhealthy and grew very slowly in the greenhouse, but these plants did
cventually grow ond set seeds. Therrooting inhibition and poor plant
growth may be due to the fact that 5-MT greatly inhibited root
*formation as reported by others'* |
2.3 Confirmation of primary transformed events

Since this ASA2 selectable marker gene encodes the feedback
insensitive a-subunit of anthranilate synthase, transgenic soybean
plants expressing this gene should have higher free Trp than the wild
type plants. Fully expanded soybean leaves were used for the analysis
of free Trp by HPLC. As shown in Fig. 4, the four putative transgenic
lines tested had 59% to 123% ‘more free Trp than the wild type.
However, the Trp increase is not as high as reported for Astragelus .
sinicus hairy roots!®) or tobacco chloroplast transformation'® . This
may be due to the different expression level of this gene in different
tissues .,

To further confirm that the ASA2 gene was integrated into the
soybean genome, Southern blot analysis was camed out on four of the
putative transgenic lines which had higher free Trp tested by HPLC.
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As shown in Fig. 5, all four lines were tested positive for the ASA2 showed the ASA2 gene was expressed (Fig. 6). A summary of the

gene, and had 1 ~ 2 copies of the transgene. Northemn blot analysis ASA2 transgenic lines derived from these transformation experiments is
wing leaf total RNA from two of the Southem positive lines also shown in Table 1.

Fig.3 Transformation of soybean embryo axes with the ASA2 selectable marker.
A: embryo axis used for transformation. B: selection in 4MS [| medium with 200 gemol/L 5-MT in the dark for 5 d. C:selection with 100 pmol/L 5-MT under
light for 14 d. D: GUS assay of the embryo axis after 14 d selection. E: elongated shoots (arrow) with 50 gmol/L 5-MT after 21 d in shoot elongation
medium. F: rooting of elongated shoots. The diameter of the Petri dish was 10 cm and the test tube was 25 mm.

50

401
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E 301
=201
101
0+ T T 3 T
WT | 2 3 4 .

Transgenic line

Fig:4 HPLC analysis of free ip in Ty transgenic soybean plart leaves Fig.5 Southern blot analysis of transgenic ASA2 soybean lines
Trp content of the wild type (WT) and 4 putative transgenic lines The genomic DNA was digested with BamH I . The probe used was the

2.2 kb ASA2 c¢DNA fragment. 1 ~ 4: independent transgenic soybean
2.4 Progeny analysis of ASA2 transgenic lines lines. 5: wild type soybean as the negative control; 6:plasmid control
T, progeny of the three transgenic lines that were Southem blot

positive were further analyzed by PCR to confirm the integration and
segregation of the transgene. As shown in Fig. 7, PCR analysis of the
progeny from one line showed segregation of the ASA2 gene in T,

progeny. A summary of the PCR results at the progeny of three T, is
Fig.6 Northern blot analysis of transgenic soybean lines

The probe used was the 2.2-kb ASA2 ¢DNA. 1: Transgenic ASA2
Arabidopsis; 2: Soybean wild type ; 3 & 4: Two independent transgenic
soybean lines.

shown in Table 2. Enzymatic assay for the AS activity of T, progeny of
one transgenic line showed that the enzyme activity of transgenic line is
less feedback sensitive than that from the wild type plant (Fig. 8).
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Table 1 Summary of soybean embryo axes transformation

using 5-MT for selection
Total embryo axes Plants recovered Southem blot
120 1 +
150 2 +
200 5 +

Fig.7 PCR analysis of T, plants from one transgenic line
1: 1 kb DNA ladder; 2: Plasmid DNA; 3: Wild type soybean; 4 ~ 10:
Seven T, plants from one transgenic line.

Table 2 Summary of the segregation data of

three ASA2 transgenic lines
T line # Total T, plants tested PCR positive
1 7 5
2 7 5
3 7 5
120
100/ e Control
<= Transgenic
o 80
s
=
Z &
g
& 40
20
0
0.0001 0.001 9.0 01 1
Trp concentration/{mmol/L}

Fig.8 AS enzyme assay of T, progeny of transgenic line

Due mainly to consumer concems, strategies have been
developed to eliminate the marker gene afier selection!'s'71 |
Altematively, the use of marker genes that do not rely on antibiotic or
herbicide resistance has also been developed!™® .
useful selectable marker genes for plant transformation is always a
great challenge. There are a few reports of using amino acids or their
transformation  selecion. A  tryptophan
decarboxylase gene( tdc gene) from Catharanthus roseus was used for
tobacco transformation with 4-MT as the selective agent, this enzyme
can convert the toxic 4-MT into non-toxic 4-methyltryptamine!"! .

Finding new and

analogues for plant

Since many plants have endogencus TDC activity, this gene has not
been widely used as a selectable marker. A mutant lys C gene from
E. coli encoding a lysine-threonine feedback insensitive form of
aspartale kinase has also been used as a selectable marker for barley
transformation, with lysine and threonine as selective agents'®!.
However, most of the transgenic plants recovered were albino.

As far as the use of feedback-insensitive anthranilate synthase
genes for selectable markers, there are two patents describing the use
of mutant genes encoding the AS a-subunit as selectable marker for
maize'® or rice!” transformation. More recently, a feedback-
insensitive point mutation of anthranilate synthase gene from rice was
engineered into rice, and the calli and subsequent regenerated plants
showed resistance to 5- MT and had a 36-fold increase in free Trp, but
the selectable marker gene used in that study was kpt with hygromycin
as a selective agent[m
were isolated from and re-engineered into the same plant species. In
this study, the ASA2 gene cloned from tobacco cell line only encoded
for anthranilate synthase a-subunit'® , and the two e-subunits can
interact with the B-subunits of a heterologous plant {soybean) to fom
an active anthranilate synthase.

In summary, transgenic soybean lines were obtained using a
feedback-insensitive ASA2 gene from tobacco as a novel selectable
marker with the Trp analog 5-MT as the selective agent. Transgenic
shoots were recovered in only 6 ~ 8 weeks., Since this feedback-
insensitive ASA2 gene was isolated from an unselected, but 5-MT
tobacco cell line, and was not a mutation from another plant species
(tobacco)!®), it can be used as a novel selectable marker gene for

soybean transformation with no concemns about the environmental issues

. Furthermore, in both cases, the mutant genes

such as those associated with using antibiotic or herbicide resistance
genes. A possible disadvantage of using this selection system is that
the transgenic shoots were difficult to root and the growth of the
primary transgenic events was inhibited at the beginning. This problem
may be solved by the addition of Trp inte the rooting medium!?'} ,

*REFERENCES( $# % k)

[ 1] Bowen B A. Markers for plant gene transfer. In: Transgenic plants.
Vol.1 {Kung SD and Wu R , eds.) San Diego: Academic Press,
1993, pp.89-123

[2] Puchta H. Marker-free transgenic plants. Plant Cell, Tissue Org
Culz, 2003, 74:123 - 134

[3] Mull AK, Vij R, Celenza JL. Arabidopsis cytocl P450s that
catalyze the first step of tryptophan-dependent indole-3-acetic acid
biosynthesis. Proc Nas! Acad Sei USA, 2000, 97:2379 - 2384

[4]) Zhao Y, Christensen SK, Fankhauser C et al. A mole for flavin
monooxygenase-like enzymes in auxin biosynthesis. Science, 2001,
291 :306 - 309

[ 5] Herrmann KM. The shikimate pathway : early stepe in the biosynthesis
of aromatic compounds. Plant Cell, 1995, 7:907 - 919

[6] Anderson PC, Chomet PS, Griffor MC et al . Anthranilate synthase
gene and its use thereof . WO97/26366

[ 7] Wakasa K, Tozawa Y, Terakawa T et al. Gene encoding o-subunit of

© PERFRMEDARTATIKSHBIEL htto://journals. im. ac. cn



No.5

CHEN Shi-Yun: Feedback-insensitive Anthranilate Synthase Gene as a Novel Selectable Marker for Soybean Transformation

651

[el

(9]

[10]

(1]

[12]

(3]

[14]

rice anthranilate synthase and DNA relating thereof. W099/11800
Song HS, Brotherton JE, Gonzales RA et of . Tissue culture specific
expr of a Ny occurring tob foedback-insensitive
anthranilate synthase. Plant Physiol , 1998, 117:533 - 543

Cho HJ, Brotherton JE, Song HS e ol. Increasing wryptophan
gynthesis in a forage legume Astragalus sinicus by expression the
tobacco feedback-insensitive anthranilate synthase ( ASA2) gene.
Plans Physiol , 2000, 123:1069 - 1076
Zhang XH, Brotherton JE, Widholm JM et ol . Targeting a nuclear
anthranilate synthase a-subunit gene to the tobacco plastid genome
result s in enhanced tryptophan bicsynthesis. Return of a gene 10 its
pre-endosymbiotic origin. Plant Physiol, 2001, 127:131 - 141

Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: A
lahoratory martual. 2™ edition, New York: Cold Spring Harbor
Laboratory Press, 1989

Chung CT, Miller RH. Preparation and storage of competent
Escherichia coli cells. Meth Enzym, 1993, 218:621 - 627
Berbasconi MB, Roingears FC, Fukagawa NK . Plasma tryptophan and
tyrosine concentrations: determination using high performance liquid
. T Nutr Biochem, 1990,

Aot ot

ch 2T r"L-y and 0 ric
1:220- 222
Chen SY. High-efliiency Agrobacterinm-mediated transformation of

[1s]

{161

1171

(18]

[19]

[20]

[21]

soybean. Acta Bot Sin, 2004, 46:610 - 617
Bemasconi PA, Waliers EW, Woodworth AR e of . Functional
expression of Ar synthase sub
Escherichia coli . Plant Physiol , 1994, 106:353 — 358
lamtham 3, Day A. Removal of antibiolic resistance genes from
transgenic tobacco plastids. Nature Biotechnol, 2000, 18:1172 -
1176

Endo 5, Sugita K, Sakai M et al. Single-step transformation for
generating marker-free transgenic rice using the ipt-type MAT vector
system. Plant J, 2002, 30:115 - 122

Joersho M, Okkels FT. A nevel principle for selection of transgenic
plant cells: positive selection. Plant Cell Rep, 1996, 16:219 - 221
Goddijn OJM, van der Schouten PM, Schilpercort RA e af. A
chimeric trytophan decarboxylase gene as a novel selectable marker in
plant cells. Plant Mol Biol, 1993, 22:507 - 912

Birch R G. Plant transformation: problems and strategies for practical
spplicstions. Ann Rev Plant Physiol Plant Mol Biol, 1997, 48:297
-326

Tozawa Y, Hasegawa H, Terakawa T et al. Characterization of rice
anthranilate synthase a-subunit genes OASAS and 0ASA2 . Tryptophan
accumulation in genic rice expressing a feedback-insensitive

mutant of OASAL. Plant Physiol . 2001. 126:1493 - 1506

thali hranil it I in

hickanci.
r

© PERZRMEDFRAATIRSHIES http://journals. im. ac. cn





