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Transfer of gene conferring herbicide bialaphos
resistance into buckwheat plants

lostitute of Plant Physioclogy and Genetics of Academy of Sciences of Ukraing

31/17 Vasitkivska str., Kyiv, 252022, Ukraine

Bar gene conferring resistance to herbicide bialaphos ( phosphinnthricin) was cloned from Strepfomyces
hygroscopicus. Bar gene under 355 promoter of cauliflower inosaic virus was introduced in binary pBinl9
vector and constructed plasmid was iransferred into Agrobacterium tumefaciens strain. Conditions of
genetic transformation of cultivated buckwheat and intercpecific hybrid Fagopirum esculentum x F.
tataricum were worked out. Buckwheat explants were inoculcted by the strain with a plasmid carrying bar
gene nearby NPTH gene. Molecular analysis of 8 regenercted plants that were selected for kanwnycin
resistunce was performed. 5 plants gave positive signal by doi- and Southern hybridization using as a probe
DNA fragment with bar gene that is an evidence of integration of bar gene imo plant genome. Transformed
plants grow and rooted ar Baste concentrations in the mediur1 that toially inhibited nontronsformed plants.

Introduction. The implementation of herbicides in
modern agriculture is inevitable {1 |. They control the
weed growth and thus increase barvesi [2]. Use of
herbicides of a new generation that are very effective
and as a rule inhibit single definite enzyme at very
low concentration is very altractive. These herbicides
are not toxic for human and animals, The ecological
safety is connectled to their quick degradation in soil
and absence of target enzymes in vertebrates [1, 3L

Bialaphos is an example of a herbicide of this
gencraiion. It is a (ripcptide and its acting substance
is phosphioothricin (PPT) a toxic analog of glutamic
acid [4]. But bialaphos as many other herbicides of
this generation is not selective, inhibiting the growth
of any plant and this character diminished the use of
these herbicides in agriculture. Using pgene engi-
neering approach by iniroducing into plant genome of
gene(s) conferring resistance 1o herbicides of this
type it is possible 1o produce transgenic plants resis-
tant to these herbicides {51

The source of these genes is soil and other
microorganisms. Bialaphos resistance gene (bar) was
found in the genome of bialaphos producing strep-
tomyces, conferring their resistance to produced tri-
peptide {4].
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Production of transgenic iobacco, potato, tomato,
aspen planis resistant to herbicide PPT is reported
[1, 3, 6, 7]. Earlier we described the introduction of
modificd aroA geae conferring resistance to herbicide
glyphosate (Roundup) into potato, sugarbeet and
sovbean plants |6, §1. In this paper we report about
iransfer of bar géne and its expression in buckwheat
planis.

Materials and Methods. Cloning of bar gene was
done from Streptomyces hygroscopicus using as vec-
tors pUCIH9 [10], pCAMYV [111, pBini9 [12] plas-
mids.

Alcali plasmid isolation, restriction, DNA [igation
and eclectrophoresis, DNA clution and its cleaning,
transformation of bacteria were done by the described
methods [12, 13]. The binary vectors were trans-
ferred by tri-parental matings to the disarmed Agro-
bacterium tumefcciens strains 3850 [12) and LBA
4404,

All the enzyries used in ihis work were obtained
from NFPK «Biotekh» (Russia),

In all experiments we used mulant form of
buckwhcat Homostiinaya with high regeneration po-
tential and hybricd of this form with tartari buckwheat
(k-17). This hybrid was obtained via in vitro culturc
of immalture interspecific embryes [14 1

Internodes, petioles and leaves of ihese hybrids
and Homostilnay:n were inoculated by 3850 strain of



A, tumefaciens by two hours co-cultivation in over-
night culture of agrobacteria in the presence of
acetosyringone. Then explants were transferred onto
Murashige-Skoog basal media with the addition of
1 mg/t BA and 0.5 mg/I NA for plant regeneration.
To suppress agrobacteria regrowth and for kanamycin
selection (NPT gene is located on plasmids along-
side bar genc) andibiotics kanamycin, carbenicillin
and claforan were also added to the culture medium.
Explants were cultivated first in the dark and after
appeare¢nce of regenerants under 16:8-hr photoperiod
with constant lemperature of 26 "C. Regenerants that
came through kanamycin selection were rooted and
microclonally propagated. For evaluation of their
herbicide resisiance thesc regenerants were lrans-
ferred onto MS medium with 3—30 wul/i concen-
trations of PPT (Basta).

Results and Discussion. It was shown that recom-
binant pBA-71 plasmid conferring bialaphos resistance
has additional 1.7 kb pair Psr fragment. To improve
bar gene expression GTG translation initiation codon
was changed for cukaryotic ATG codon.

358 promoter of cauliflower mosaic virus and 3
region from nopalin synthase gene were introduced
into har gene expression cassetie. Recombinant pBA-3
plasmid was censtrucied for iransfer of bar gene into
buckwheat plants using agrobactcria transformation
system. For this purpose Hind 711 fragment containing
338 promoter, bar gene and poly A region of nopalin
synthase gene was cloned into corresponding site of
pBin{9 binary vector.

Resulting A, tumefaciens strains 3850/ pBA-3 and
LBA 4404/pBA-3 appearcd to be resistant to 10 mg/i
of bialaphos in outrient medium.

Plants regenerated on kanamycin containing me-
dium that was changed everv 12--14 days were
analyzed by dot- and Southern blot-hybridization.
Out of 8 kanamycin resistant regenerants positive
autoradiographic response gave 5 plants: 4 plants of
hybrid Homostiinaya x k-17 and one plant of Hemo-
stilnaye that is a proof of bar gene integration into
plant’s genome (Fig. 1, 2).

These 5 plants were microclonally propagated
and transferred into MS medium containing 3, 10, 135,
20 and 30 x4!/1 of herbicide Rasta. On medium added
with 3 and 10 «1/1 of Basta all these plants formed
roots and their growth did not diffcrentiate from the
growth of plants on MS medium without herbicide.

At 15 and 20 u1/1 of Basta only 2 plants rooted
and their development was normal. At 30 ul/1 Basta
concentiration only one plant survived. The growth
and root formation of nontransformed plants of Ho-
maostilnaya and Homosfilnaya x k-17 hybrid were in-
hibited aiready at 3 pl/! of Basta.
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Fig. 1. DNA dot-hytridization of buckwheat planls Asrows show
negative €/) and positive (2} controls. Intensive black spots cor-
respond to DNA of plants with positive auteradiographic response

Fig. 2. DNA Southern hybridization of buckwheat plans: 7 —
positive control (Hind 1] fragment with hor-gene), 2—6 — DNA of
buckwheat plants after HindffI restriction with positive autora-
diographic response; 7 — negative control (IDNA of nontransgenic
huckwheat plants)

That is a difference among transformed plants by
the ievel of traasferred bar gene cxpression was
clearfy seen.
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I3 Streptloinyces hygroscopicus Kaouyoedaau bar-2ewn, KWl U3HQuae
cmitixicmy do cepbiy 0y Hicugocy (Qocinompuuuny). Ten nid
xonmponea 358-npomomopa  6ipycy mosaixu ysimnoi kanycemu
fyao eaedeno y Gincprnwii asexmop pBRinl9 dra mpancgopaanil
pocaun. Odepxany pexoxOiHanmuy naaimidy nepeneceno 9o wia-
sy 2850 Agrobacterium tumefaciens. HidiGpano ymodu mpancgop-
mayll  kyaremivprol epedxu | mixeudosozo cifpufa Fagopyrum
esculentum x F. taterizum, Excnaaumu epenki IROKYAIO8AAL Qcpo-
bakmepiaapruy wimanom, y gxomy bar-cen auaxodumscs wa 1
waaamidi nopys 3 NPT cenom. 30icneno monexyinpho-Gio-
A0SIqRii QHOUIEZ BOCHMIe  peceHepaMinis, AKE Rpoduin Kanami-
uunoGul eidfip. ITame pocaun daan noswmueny padioasmoepu-
Ginny gidnoside apu dom- | Caysepr-cibpuduzagil 3 MiveHum
Joudox, sxwil Hece Dir-2eH, wo caiduume RPO RMEEPARig b0
el & ceroM pocaun. Tpavcdopmosani pocauni pocai { Ymeopio-
Gaay KOMIHHA RpU KCHEenmpayii cepbiyuda Bacmu 8 cepedasuuy,
AKE HOBGRICHK) NPUCHINYBARD HEMPAHCPOPMOGUH] POCAIFI.
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Ieperoc reda yCroduuBocTs K repduumuiy Gwanacocy o pacTeHuy
roeyunxH

Pexome

Hz Streptomyces hygroscopicus kaonuposdaau bar-zew, onpedensnio-
Wl yemounesocrts k cepbuyudy buanapocy (Pochurnompununy ).
Fen nod xonmpoaem 355-npomMoOMOpa GUPYCA MOIIUKU HEELMHONT
karyenetr Bt gaeden @ bunapnuii sexmop pBinl9 das mpanchop-
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g pacmenui. Hoayuenuas perosmbunanmaas nasmuda nepe-
neceHa @ wemasm 3830 Agrobacteriunt tumefuciens. Hodobparot
YCAOGUAR MPAHCPOPMQUUL KRAbRIYPHOE epenixy u  Mexeudosoeo
cubpuda Fugopyrum esculentum x F. totaricum. Fkenaanmet epeai-
XU UHOKYARPOGIAN azpoﬁa:cmf’pu(mwio;m {UHGMMOM, 6 KOMoposm
bar-zen naxofuaca nwag T, naaimude padom ¢ cewom NPT
Hpogeden MOAEKYARPHO-BUONOZUMECKUTT GHES BOCOMIL PELCHEPEH-
Mg, APoLetdX KaHaMulrosoid ombop. Iiame pucmenuti danu
noaoXwrRensHet paducasmoepahuveckid omaeent npu dom- & Cay-
FepH-cubpudusauun ¢ MEHEHbIM JOHUOM, HECYWum bar-ecn, 4mn
COUDCTMERBOIMGYEN OB UHMEZPALUI IN0E0 LCHA & CEHOM DACHICIILEL,
Tparchoprnpoaannse pactenus pocan u obpesnseldwin KOPHIL
N KOHUEHMPaiy cepbuuudc facmer 6 cpede, ROANOCNIBIO RHEH-
Bupyrougess HeMPaHCOPMUPOBUHHIC DACIICHIUSE.
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