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Abstract: Forage gene engineering is one of the hotspots attracting both national and international attention recently. As an
excellent legume in temperate region. white clover is the first choice in artificial grassland establishment, as well as all kinds of
ornamental turf and green land. However, White clover has a narrow ecological amplitute, and only adapts to warm and humid
environment. The desirable growth temperature is 19~24 C, with 700~ 1000mm annual mean precipitation. It has a strict
require for soil pH, the appropriate soil pH for white clover is 6~7. The acid and salinity tolerance of white clover is quite
weak, which limits its application and extension in many regions, especially in northern China. So it is significant to improve
its stress resistance and ecological adaptability by means of gene transformation, breed new cultivars and varieties for animal
husbandry, turf industry and ecological construction in northern regions. The genetic transformation of white clover has made
great progress in improving its resistance to biotic and abiotic stresses, as well as ecological adaptability. Interest genes
including NPTII, WCMV coat protein gene, GUS, Bar, AMV coat protein gene, CrylBa, CYVV coat protein gene, pea
albumin 1, 10kDa maize zein seed storage protein gene, potato proteinase inhibitor II and others have been introduced into
white clover, transgenic plants have been released. In this paper, the main subjects and methodology in genetic transformation
of white clover are reviewed in detail. Some emergent questions are presented and discussed on the base of comprehensive
analysis in genetic transformation and ecological adaptability progress.
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1
Table 1 Summary of examples of Agrobacterium-mediated transformation of white clover
Vector Culture method Observations Reference
Bin19/A. t. , 1LBA4404, 5 .
pBinl19/A. t r167
6~9
pROK pROK-2-CP/A. t. [17]
[LBA4404,
GA492 GO36392/A. t.
p p / (18]
1LBA4404,
PE64/A. t LBA4404 3 8
P I > ’ R ( [19’\’21]
° 1%
TABI0 430/A.t. AGL1,
JJ430/A. ¢ 50% [22]
TABI10 CPOO1/A. t. AGL1,
A [23]
pKLX71:35S2 AMV4 B AGL1.,
[24]
TABIO/A. t. , AGL1,
/ 7.4% [25]
LHWMI/A. t. AGL1,
P /AT 10% [25]
pKLX71:3552 WCMV4 . )
AGL1, 5% [26]
Pbinl9 pBincits /A.t. , AGL1, [277
PGV1103G/A. t, 3850,
/At ? 10%~20% [28]
PCGP257/A . t, CZ707,
57/ 5% [28]
pKP/A .t .AGLI, [29]
STU134/A. t, AGL1,
P / [20]
, 1987  White  Greenwood WRS
s tiel Ealing  Voisey
o s o s 3d ,CaM V35S
s (nptID) ,GUS s Grassland Huia Grassland
Tahora L8-191 "1 arkin 1996 ) .bar
s Haifa, Grassland Kopa Waverley te2 | .
1.2
1.2.1 3 ) 4.5%
15min, 10~12h 6% 5min , 4,
s 26 C . 16h o 5min, 70 % S5min, 1.5%
55~60min, 8 10C B 3 2
,0.1% 7~8min o
.’ Sd 9,
1.2.2 LBA4404  AGLI1. Ti T-DNA
. 3X10° cells/ml, 20~40min , ,
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o 25C  3d. s o s
, . MS s ,
B BAP NAA, BAP Timentin, TDZ NAA. TDZ s
B , ( nptlD),
50~100mg/L, (carbenicillin) , (cefotaxime) | (timentin)
, 250~ 500mg /L . , 20
mg/L, s o
2
2.1
C D, s
, bel, s
s 6 ,8~9 o
. ; 1%~20%, Larkin 2 bar PPT
50% L,PPT s te2d |
s s PPT o ,PPT
2.2
White ,  Southern Hybridization 150 s ,66%
. GUS 4 ,GUS
bzl B .1998  ,Scott
N , Fl F2 ,F2
) [0l s
s s 5~7a o s
s s 1~2
35S . 3 . Larkin
GH3 ,GUS s .
, ,GUS s
. GUS s 221 Pittock
GUS , .
o 2~4h B s RB7
[23] .
2.3
> .Garrett  Chu 1997
(Alfalfa mosaic virus) ,

s 2005 241 Dudas  Roger (White clover mosaic
virus) s 07281 - Voisey Bt s CryIA/b
Bt Porina moth larvae , . s CrylB

CryIA/b, CryIB . CaMV 35S s

Porina moth larvae, D
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s . Table 2 Promoters or genes introduced into white clover
’ ’ Promoters/genes Reference
N ’ Nos nptII ( ) [16]
CaM V35S WCMV [17]
s CaMV35S [18]
CaM V35S nptll [19]
CaMV35S gus [19]
° ’ CaMV35S CrylAb [20]
N N N o s CaMV35S bar (PPT ) [22]
1000~ 3000m . GH3 gus (22]
19~24C FB7-1 gus [23]
-’ J ’ CaMV358 AMV [24]
. (37
700~1000mm CaMV35S 10k Da [31]
o s pH TobRB7 gus [12]
6~7., pH , CaMV35S CrylBa [32]
CaMV35S I [33]
° ’ CaM V35S [34]
- Smallwood CaMV355 CYVV [35]
pH=4.7 Lse] CaMV35S sacB [29]
CaMV35S hph [36]
SAG12 ipt [36]
ATMYB32 ipt [36]
[39] ’
[37,40.41]
N N ) Y ’ . o
s [37]
b ’ .
o s ,Spangenberg
’ ’ pH =4.9,
100pmol /L . BADH ANHX5
s [42]
4
20 30 N 20 80
) o il 20a s 60
s [37,40,41,43] 2002 ,
IR N N 4 N
[29,44.45 ,
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