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Alfalfa (Medicago varia Marthz) 'Burgaltai’ cultivar is one of the most important forages of its palatable
and nutritional values. But still, national scientists had reported that there is lack of characteristic have
been appeared in Mongolian cultivated Medicago sp., and it is the percentage of leaf in the yield is low
(up to 45%) and it had decreased dramatically in development cycle. Over-expression of AtGRF2 resulted
in larger leaves and cotyledons comparing to wild type. In this study, transgenic ‘Burgaltai’ with AtGRF2
gene had increased leaf area by 0.52 cm? and leaves in percentage per bush up to 48.6%. The transgenic
lines showed 3:1 segregation ratio in Ty progenies (x> = 0.04-0.42, p < 0.52—0.84). Hygromycin antibiotic
concentration is 50 mg/l for selective media. According to the feed evaluation, some chemical composi-
tion increased in transgenic 'Burgaltai’ except total fat.

Keywords: alfalfa, AtGRF2 gene, transgenic 'Burgaltai’ and wild 'Burgaltai’ varieties, hygromycin_antibi-
otic.

Copr monepHbl U3MEHYMBOW bypranrail sBisercs 1IEeHHONM KOPMOBOW KyJIbTypOU IO MOEJAEMOCTH U IH-
TaTeJIbHOCTH. TeM He MeHee, OTeUEeCTBEHHBIE YUEHbIE CUMTAIOT, YTO Y BO3/IENbIBAEMOro B MOHIoMu Bu-
na Medicago Sp. HEOCTATKOM SIBISIETCSI HU3Kasi OOMMCTBEHHOCTD (10 45%), KOTOpasi B MpoIiecce pa3Bu-
THUSl PAaCTCHUH JIIOLEPHBI PE3KO CHMYKAETCs. Y CTAaHOBIIEHO, YTO BhICOKas dKcmpeccus AtGRF2 rena mpu-
BOJUT K YBEIIMUEHUIO Pa3MEPOB JHUCTHEB U CEMSAO0JIEN 110 CPABHEHMIO C IMKUM THIIOM. B uccienoBanuu
MOKA3aHOo, YTO y TpaHCreHHOro coprta bypranrait ¢ rerom AtGRF2 muromans TUCThEB YBEIMYWIACH HA
0,52 CMZ, a TIPOIIEHTHOE COJIepKaHUe TUCTheB Ha pacTeHuu — 110 48,6%. TpaHcreHHbIe THHUH TTOKa3aIH
cooTHomeHue pacmeruieans 3:1 B motomctee T1 (XZ =0,04-0,42, p < 0,52-0,84). KonuenTparust aHTH-
OMOTHKAa TUTPOMUIIMHA B CENEKTUBHBIX cpenax coctamisier 50 mr/ia. CorimacHo pe3yibTaraM OILIEHKH
KOpMa, B TpaHCT€HHOM bypranrtae yBenuumiioch cojepaHue HEKOTOPbIX XMMUYECKHX BEIIECTB, 3a UC-
KJIIOUEHUEM OOIIEeT0 XKHUpa.

Kurouesnble cioBa: monepHa, AtIGRF2 ren, TpancreHHbIi u qukuii copT BypranTaii, aHTHOMOTHK THTPO-
MHUIIMH.

Introduction. There are about 2823 age of its palatable and nutritional values.
species of plant spreading in Mongolian It has been reported that alfalfa puts about
rangeland and around 600 species can be 50-100 kg/ha biologically fixed nitrogen
used as forage. Among them alfalfa into the soil and increasing the soil fertility
(Medicago sp.), is the most important for- [5].
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Moreover, it is suitable for cultivated pas-
tures and hay production and improvement
of vegetation. But still, national scientists
had reported that there are two lacks charac-
teristic have been appeared in Mongolian
cultivated Medicago sp., the first one is the
percentage of leaves in the yield is low (up
to 45%) and it had decreased dramatically in
development cycle [3]. The second it cannot
be used in the first year of cultivation since
the height of the plant reaches 20-25 cm
while foreign cultivars gave 30-40 c/ha hay
production in the first year of introduction
[1]. However, foreign cultivars of alfalfa
gave higher yield than native it is not able to
be wintering in Mongolian harsh and ex-
treme condition. Thus, it is necessary to in-
crease the yield of Mongolian native alfalfa
which is more adapted Mongolian specific
condition. It would be creating an opportu-
nity for combat to desertification, biological
reclamation of the mining production, re-
claiming the degraded grassland, to increas-
ing the fodder supply for intensive and
semi-intensive farm [1; 4].

On the other hand, Korean scientists had
described GRF gene family in 2003 from
Arabidopsis thaliana (AtGRF) which com-
prises nine members (AtGRF1-AtGRF9)
[6]. Over-expression of AtGRF1 and
AtGRF2 resulted in larger leaves and coty-
ledons comparing to wild type. Far from
here, we had obtained transgenic alfalfa
sample with AtGRF2 gene through Agro-
bacterium — mediated genetic transforma-
tion. In this study, our main goal is to de-
termine AtGRF2 gene activity comparing
the transgenic 'Burgaltai' and wild 'Burgal-
tai' varieties. To reaching the goal the fol-
lowing specific objectives were imple-
mented.

1. Determining of

the inheritance

AtGRF2 gene in T, progeny of transgenic
'‘Burgaltai’ by Mendel’s law.

2. Comparing some phenotypic charac-
teristics of transgenic 'Burgaltai’ and wild
'‘Burgaltai’ varieties.

3. Comparing the biomass and nutri-
tional value of transgenic 'Burgaltai' and
wild '‘Burgaltai’ varieties.

Materials. The seeds of transgenic 'Bur-
galtai' with AtGRF2 gene and wild '‘Burgal-
tai' varieties.

Methods.

Seed sterilization and selection of
hygromycin antibiotic concentration for se-
lection.

Seeds were washed on 0.1% soap water
with gentle stirring for 3—4 min and rinsed
three times with sterilized distilled water.
Seeds were then soaked in 70 % ethanol
with gentle shaking for 3—4 min and rinsed
with sterilized distilled water. After sur-
face-sterilized in 30% Clorox for 10 min
seeds were rinsed more than three times
with sterilized distilled water. To evaluate
the effect of different selection pressure,
seeds were placed on MSB medium sup-
plemented with different hygromycin con-
centration (O—control, 10, 20, 30, 40 and 50
mg/l) for 2 weeks at 28 °C in fluorescent
light (200 E/m?/s) at a photoperiod of 16h
for the germination.

Determining the inheritance
AtGRF2 gene in T, progeny.

Self-pollinated seeds (T;) of transgenic
plants were placed on segregation medium
comprising MSB5 with 50 mg/l hygromy-
cin. The treatment was carried out in tripli-
cate (10 seeds per dish) and was repeated
three times in each transgenic line. After 2
weeks, hygromycin-resistant plants devel-
oping true leaves were counted, and data
were analysed by the ¥ test at p < 0.05.

of
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— Comparing some chemical analysis
of transgenic '‘Burgaltai’ and wild 'Burgaltai’
varieties.

Transgenic and wild 'Burgaltai’ variety
seeds were planted in the soil and cultivated
under laboratory condition for 3 months.
Green biomasses were harvested and dried
for analysis. Total protein determined by
MNS6550:2015, fat by MNS3058:1981,
calcium by MNS4265:1995, phosphorus by
MNS4266:2015, ash by MNS6548:2015
biomass and dry matter by weigh method.
The leaf area was calculated by its width
and length measurements at 2-4 apical
leaves of wild and transgenic plants.

Results And Discussion.

— Selection of hygromycin antibiotic
concentration for transgenic plant selection.

The T-DNA vector region in this study
contains hygromycin antibiotic resistance
gene (hptll) as a selection marker gene, and
by determining the antibiotic resistance of
the plant seeds, it is possible to select the
lines in which the AtGRF2 gene has been

transferred. Concentration of antibiotic in
the selection medium is essential in trans-
formation experiments, in which the antibi-
otic serves as the selective agent that allows
only transformed cells or plants to survive
[2]. Wild 'Burgaltai' variety seeds placed
onto a selective medium containing hygro-
mycin at 0-control, 10, 20, 30, 40 and 50
mg/l concentration in MSB5 medium repli-
cated three times for each concentration.
Over a period of 2 weeks the number of
germinated seeds were counted. The result
is presented below (Graphic 1 and Figure
1).

Seed germination was 86.6% in control
group on MSB5 absent of hygromycin and
seed germination were dramatically de-
creased while hygromycin antibiotic con-
centration increased. Seed germination get-
ting lower by 15.3% on 10 mg/l, by 56.4%
on 20 mg/l, by 69.2% on 30 mg/l, by 79.5%
on 40 mg/l and by 97.4% on 50 mg/l hy-
gromycin concentration respectively com-
paring to the control group.
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Graphic 1. Survival rate of seeds at different concentration of hygromycin in two weeks
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Figure 1. Seed germination rate on hygromycin containing selective media
a — control, no hygromycin, b — 10, ¢ — 20, d — 30, e — 40, f — 50 mg/l hygromycin containing MSB5 me-
dia

— Determining the inheritance of
AtGRF2 gene in T, progeny.

To determining the inheritance of
AtGRF2 gene of transgenic 'Burgaltai' vari-
ety in T, progeny, eleven sterilized seeds
were placed in MSB5 medium supple-
mented with 50 mg/l hygromycin antibiotic
in three replicates, and seed germination was
counted for 2 weeks.

The transgenic T6 and 11 lines showed
3:1 segregation ratio in T, progenies (x> =
0.04-0.42, p <0.52-0.84). From table 1, the
inheritance of the AtGRF2 gene in these
transgenic lines is 3:1 or according to Men-
del’s II law. AtGRF2 gene in Brassica na-
pus showed the similar segregation to T,
progenies (x° = 0.29, p < 0.59) in previous
study [8].

Table 1. Inheritance ratio of the AtGRF2 gene in transgenic ‘Burgaltai’

Transgenic Hygromycin Hygromycin Ratio . 2
line resistant (R) sensitive (S) (R:S) Hypothesis K value p value
T6 9.7+0.6 2+0.8 4.9:1 3:1 0.42 0.52
T11 87+1.0 3.3+£09 2.6:1 31 0.04 0.84
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Comparing some chemical analysis
of transgenic '‘Burgaltai’ and wild 'Burgaltai’
varieties.

Transgenic and wild 'Burgaltai’ variety
seeds cultivated under laboratory condition
for 3 months. Green biomasses were har-
vested and dried for analysis.

In transgenic 'Burgaltai’' had increased its
leaves percentage up to 48.6% and it is
26.2% increase compared to wild 'Burgaltai’
variety’s leaves percentage per bush. The
leaf area in transgenic 'Burgaltai’ was 0.52
cm” wider than wild plant. Moreover, mois-
ture had increased 8.3%, crude protein

compared to wild 'Burgaltai’. There is no
difference between ash and calcium be-
tween two groups. However, total fat was
20% lower in transgenic 'Burgaltai’ com-
pared to wild 'Burgaltai’ (Table 2). AtGRF2
gene transferred in Brassica napus showed
0.5% higher in leaf area than wild type
plant, and total protein content of the trans-
genic plants, the total amount of the dietary
fiber was the same, and the calcium content
was 1.7% lower. About calcium, total ash,
organic matter, and total fat contents were
very little difference [8]. Gene expression
of BhGRF2 gene in Brassica napus showed

2.1%, phosphorus 71.4%, respectively, 20% larger leaves than wild plants [7].
Table 2. The biomass and some nutritional value of transgenic 'Burgaltai’
and wild 'Burgaltai’ varieties
Total Phos- . . Percentage
Sample | crude pro- Total Ash, % | phorus, Calcium, | Mois- | - Leaf azrea, of leaves
; fat, % % ture, % cm
tein, % % per bush
B 19.1 1.2 9.9 0.12 1.28 5.2 1.39+0.11 | 48.6+9.1
WB 18.7 15 9.8 0.07 1.26 4.8 0.87 +£0.23 | 38.5+0.05

TB — Transgenic 'Burgaltai', WB — Wild 'Burgaltai’

Conclusion. Hygromycin has been ex-
tensively used as selective antibiotic in
transformation vectors include hygromycin
phosphotransferase gene as selectable
marker for transgenic plants. The number of
seeds that germinated on MSB5 selective
medium was significantly reduced under 50
mg/l selection pressure. Therefore, a con-
centration of 25 mg/l hygromycin was used
for further studies. However, explants ex-
posed to lower levels of hygromycin con-
centration, ranging from 10 mg/l to 40 mg/I
restrict the germination rate. In transgenic
‘Burgaltai’ T, genetic inheritance were 3:1

to Mendelian ratio means 1 copy number of
transgene was integrated into 'Burgaltai’
genome. The leaf area was increased by
0.52 cm? leaves per bush increased by
26.2% phosphorus amount by 71.4% in
transgenic plant than wild type plants.
Moreover, moisture had increased 8.3%,
crude protein 2.1%, phosphorus 71.4%, re-
spectively, compared to wild 'Burgaltai’.
There is no difference between ash and cal-
cium between two groups. From the results,
we concluded that the nutritional value of
transgenic and wild type alfalfa plants was
not shown significant differences.
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