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Figure 1 PCR assay of Shanmu 2 T, transgenic plants

M: DL15000 DNA ladder; P: Plasmid DNA; 1: Non-transfor-
med plant; 2-10: Transgenic lines

Number of PCR* plants
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104 105 111
Progenies from selfed T1 plants
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Figure 2 Segregation of Shanmu 2 T, transgenic plants
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Table 1 Assay for salt-tolerance of Shanmu 2 T, transgenic plants

Lines 0.3%NacCl 0.6%NaCl 0.9%NacCl
Mean germination  Salt damage Mean germination Salt damage Mean germination  Salt damage
rate (%) rate (%) rate (%)
SLMO1 100 + 82.9 + 52.1 ++
SLMO05 100 + 78.8 + 443 +++
SLMO7 100 + 79.2 + 46.6 +++
CK 100 + 35.0 +++ 23.3 +H++

EERIEN A . + BUEKEALER), ++ BRG%MMM LI )7 TR, TR A), +++ BE(GO%MEMEILIET);

+4+++1 T (T0%MIREAREEEIETY)

Salt damage was divided into four levels. +: Light (normal growth); ++: Less (upside leaf tips turned dry and underside leaves
turned yellow of thirty percent plants); +++: Less heavier (fifty percent plants died); ++++: Heavy (seventy percent plants died)
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Figure 3 Northern blot of Shanmu 2 T3 transgenic plants

CK: Non-transformed plant; 1-4: Transgenic plants
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Table 2 The comparison of nutrition contents of Shanmu 2 with Zhongmu 1

Cultivar Crude protein Crude fat Nitrogen free extract Crude fiber Crude ash Phosphor Calcium
(%) (%) (%) (%) (%) (%) (%)

Zhongmu 1 16.84 27 30.7 354 8.59 0.22 1.16

Shanmu 2 18.04 3.2 28.3 35.4 9.62 0.30 1.34

F3  WH25(SLMOS) I H 1S Iz H-H)
Table 3 The phenology of Shanmu 2 (SLM05) and Zhongmu 1(month-day)

Year Cultivar Returning Branching Squaring Flowering Flowering Podding Maturing Bearing Scorch Growth

greening  stage stage beginning stage stage stage days stage  days

stage stage (d) (d)

2007 Shanmu 2 03-12 04-20 04-28 05-04 05-24 06-14 07-13 124 12-07 271
Zhongmu 1 03-16 04-23 05-01 05-08 05-27 06-17 07-18 125 12-09 269

2008 Shanmu 2 03-18 04-25 05-03 05-12 06-04 06-17 07-18 123 1213 271
Zhongmu 1 03-21 04-25 05-06 05-15 06-07 06-19 07-18 120 12-11 266

2009 Shanmu 2 03-13 04-17 04-27 05-08 05-25 06-11 07-12 125 12-07 272
Zhongmu 1 03-15 04-19 04-30 05-09 05-26 06-12 07-14 125 12-09 272
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Wy PR E1S), HERAEE(EL).

25 WE2SHEYFERHFE

B 25 AR RR N 2 H AT, Y IRk =i84.5 cm, 47
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Table 4 The comparison of the plant configuration features of Shanmu 2 with Zhongmu 1

2007 2008 2009
Shanmu 2 Zhongmu 1 Shanmu 2 Zhongmu 1 Shanmu 2 Zhongmu 1

Habit Half endlong Middling Half endlong Middling Half endlong Middling
Plant height in autumn (cm) 37.7 323 41.2 31.2 40.7 31.9
Plant height in spring (cm) 53.7 48.2 55.1 50.0 53.9 47.9
Leaf length (cm) 3.1 3.1 3.3 3.2 3.2 3.1
Leaf width (cm) 1.2 1.3 1.3 1.4 1.5 1.2
Leaf color RHS137A RHS137A RHS137A RHS137A RHS137A RHS137A
Flower color Modena Shallow purple  Modena Shallow purple Modena Shallow purple
Leaf shape Lanceolate Lanceolate Lanceolate Lanceolate Lanceolate Lanceolate
Petiole lanugo Exist Exist Exist Exist Exist Exist
Stem lanugo Exist Exist Exist Exist Exist Exist
The length of the longest stem (cm) 83 69 104 90 101 93
The first branch numbers 7.2* 5.0 58.1* 39.1 57.2** 41.4
The plant height of the first 97.2 88.8 98.4 93.8 97.6 89.7
mowing (cm)
The plant height of the second 75.3 66.6 80.7 71.6 77.8 60.4
mowing (cm)
The plant height of the third 77.6 69.1 76.9 69.7 78.4 63.9
mowing (cm)
Pod shape Spiral Spiral Spiral Spiral Spiral Spiral
Pod pubescence Exist Exist Exist Exist Exist Exist

* P<0.05; * P<0.01 (LSDJI%:)

%5 WWE255%E1

SR LR

Table 5 The output comparison of Shanmu 2 with Zhongmu 1

*P<0.05;** P<0.01(LSD test)

Year Grass type Grass output (kg-hm™) Production increase rate Test notability
Shanmu 2 Zhongmu 1 (%)
2007 Fresh grass 66 769.5 58 329.8 14.47 *
Dry grass 16 776.3 14 089.3 19.07 *
2008 Fresh grass 74 475.8 59 875.3 24.38 *
Dry grass 18 434.6 147114 25.31 *
2009 Fresh grass 65 962.4 56 652.1 16.43 *
Dry grass 16 408.6 13 585.5 20.78 *

* P<0.05; * P<0.01 (LSDilj4)

—“E'/\

H 275 10 AR E TN A5 6 S50 md 34F (1)~ 3 5L il
414 986.3F118 700.1 kg-hm™, LLxf (T 15)F
W 387725.13%4121.88%, 5%t AL, 7 54 B
TE G B R T AN R P (] 5246 A 248 1 P 2 R

435414 880.37115 068.0 kg-hm™, Lty H (1
5177 13.94% F111.19%, 55 %5 A bE 22 ik
T 2/ G

28 H=X
KRB FF ORI S 4 (2008—20094 ) (1) K H A=

*P<0.05 * P<0.01(LSD test )

FESER e A R NART  WRT O LLE Y, L 245 1]
B S TR (P14 RS S S,
L1 25 [ R P 1 7 4y o] R IR R i T
17.48%A122.32%; A7 SER R, 1l 25 i A
T B 7 AR 43 ) B R v T 11.30% F117.31%;
FEGF R R S0 Fedth, L 275 8 HOR T Oy
A HER R 5 T 7.94%F113.78%

2.9 it

ASHIESE LA S e I3 S ik K| BADHI) 56 46 1 A Al
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Table 6 The grass output comparison of Shanmu 2 with Zhongmu 1 in district experiments

Experiment spot  Year Grass type Grass output (kg-hm™) Production increase  Test notability
Shanmu 2 Zhongmu 1 rate (%)
Dongying spot 2007 Fresh grass 54 326.8 43 013.2 26.30 *
Dry grass 13615.7 10 646.8 27.89 *
2008 Fresh grass 62 174.6 51804.7 20.02 *
Dry grass 15901.4 12 823.0 24.01 **
2009 Fresh grass 61 458.1 50 765.9 21.06 *
Dry grass 15441.7 12 504.0 23.50 *
Shouguang spot 2007 Fresh grass 65 670.7 59 467.3 10.43 *
Dry grass 17 748.8 15248.0 16.40 **
2008 Fresh grass 72 869.0 60 341.6 20.76 **
Dry grass 19 694.3 15472.2 27.29 **
2009 Fresh grass 69 031.6 59672.8 15.68 *
Dry grass 18 657.2 15 300.7 21.94 **
Jinan science 2008 Fresh grass 45132.5 40 128.7 9.32 *
and technology Dry grass 11 753.3 10 289.4 12.47 *
garden spot 2009 Fresh grass 68 427.4 60 853.9 14.23 *
Dry grass 18 007.2 15 603.6 15.40 *
Jinan nursery 2008 Fresh grass 47 135.7 44 943.8 4.88
Dry grass 12 086.1 110241 9.63 *
2009 Fresh grass 71954.2 6575.9 9.60 *
Dry grass 18 049.8 16 009.2 12.75 *

*P<0.05* P<0.01(LSD%:) *P<0.05 * P<0.01(LSD test)

RT AR 25 5152427 5280 ™ 5 R LA
Table 7 The grass output comparison of Shanmu 2 with Zhongmu 1 in production experiments

Experiment spot  Year Grass type Grass output (kg-hm™) Production increase  Test notability
Shanmu 2 Zhongmu 1 rate (%)

Dongying spot 2008 Fresh grass 57 923.4 51023.3 13.52 *
Dry grass 15 655.0 13 082.9 19.66 *
2009 Fresh grass 62 895.8 51785.9 21.45 **
Dry grass 16 595.2 13 278.4 24.98 >
Shouguang spot 2008 Fresh grass 71354.8 64 218.9 11.11 *
Dry grass 19 285.1 16 466.4 1712 *
2009 Fresh grass 74 215.7 66 572.3 11.48 *
Dry grass 20 058.3 17 069.8 17.51 *
Jinan science 2008 Fresh grass 73 254.2 68 264.9 7.31 *
and technology Dry grass 19798.4 17 503.8 13.11 *
garden spot 2009 Fresh grass 74 875.6 68 967.3 8.57 *
Dry grass 20 363.7 17 683.9 14.44 *

*P<0.05* P<0.01(LSDW%:) *P<0.05 * P<0.01(LSD test)

BOARL, MILEAUTAR) IR & N B AL 4l BADHAE L 25 i nf LARG e M st e ik . R WIR
AR, N3 MRARZ ORI . m U TREBOR S & B AR AR A 55 5 I E R 7 ik s
MZAATF i R H 2 (Tof). )5, Wik 7MY B G  R0E AE I £R08T fh Ff e — 2 A7 2 AL
R K o b 5 7 R SR MRS T, UEWT H IR $EIRAR.
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Breeding and Salt Resistance Evaluation of BADH Transgenic
Alfalfa Cultivar Shanmu 2
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Abstract Generating new germplasm of alfalfa by transgenic technology has become important in forage breeding.
Using a To generation of transgenic plants with betaine aldehyde dehydrogenase (BADH) gene as testing material, we
tested the resistance to salt. The transgenic grass biomass was higher than that of the non-transgenic control in different
salt soils. Dry grass production was higher by 13.11% to 24.98% in the transgenic cultivar than in the control. The betaine
aldehyde dehydrogenase gene was stably expressed and inherited, suggesting that this transgenic line can be used for
further breeding.

Key words alfalfa, betaine aldehyde dehydrogenase gene, salt-tolerance, selection breeding, shanmu 2 cultivar,
transformation
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