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for biotic and abiotic stress resistance
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(School of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, Gansu, China)

Abstract: Legume forages are an important part of forage and an important basis to support the development of animal
husbandry, especially the milk industry. The research foundation of legume forage breeding is weak, and the use of hay and
high-quality grass species depends on import, which is one of the shortcomings in the development of animal husbandry in
China. Therefore, strengthening the breeding of legume forage, especially the breeding of biotechnology, is an important way
to promote the development of the grass industry and “overtaking in curved lanes”. As high-quality land in China is mainly
used for grain production, and animal husbandry is mainly distributed in regions with harsh natural climate conditions, such
as northwest and north China, the grass industry in China is extremely dependent on high-quality herb varieties with strong
stress resistance. Given the great potential of biotechnology breeding, in this study, tissue culture systems, genetic
transformation methods, and recent achievements in research on the resistance to biotic and abiotic stresses of legume forages
were reviewed, and future research directions were proposed.
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TN /B UL S K QST b o s A S = 43
J&& A, R 5 IR R AL R ) T 2, R R E
X R 2 A Az e, R, RIE & Bl
L e X AR B % 5 L STRE, ok
KA A6 7™ B B il 3 o DL R A IR L D L R
FEIE EMER YRR BRI BRI
HEMERENEAEK K FES. MR A
Vi A5 . A E BN EEEEES
A i an Y, Horh TR R W IR R
e 42 73 AT B ) R A 4 7 B R B B R e A Y
R Kk, A0 B E Pr ok om0 2 ROR D
i AL TR A A B e s o AR B 7 R

e 8 P A RERAR, DL S S
JRAREL . R 2 P75 18 2 R TR 24H DNA J7 41 (1) 2k
PRI R AR AT AR e ax — 1) Y, R R AR R
P YOS K NUNDNE [ TR < = D B S S
NATTRE NS 4% B8 75 KM RF 8 2L I E A R Y Hh R I8,
O R I B A o R BE A R R . 9 o,
B 75 (Medicago) F1°K 5. (Glycine max) 578 3 J& (114
7 F1 5L T CRISPR/Cas9 5 4t (1] i 25 2k [K 40 4 5 7 &6
(R SN SRR AR TSR 0 1 B R R T R B
RS, BB R LR AREEN, BT
VE N A B, AR B A 577 i 78 R DR AN B i IR 45 5
HIEAEH, QIEISWEY. 25 LIRBEE. D5
P Y, Bk, MHER TEBEARGRE
BHBCRE 130 PR B A B S =

1 SRR AR

1.1 ERHERBEEKR

L R 3 PR35 A% o R A 4 1D T8 o ) T T 2 R
PR AR IR MR 2R AR R o H UG R A T A
W L )<< A B R R A R B RO A AL 2L A
F o SR DA SR BT & AN, WA BB
240, I3 T HR A5 o e ™o 3 B4 3 B4
FEL AR R IR 3 | W 5 AR 2R IR R AR R SR
W A R PR RIS o — BOR U, WTH T & &
LRI AR A B AR, TrE T R
b RRR S5 5 AN [R] 47 o ) 5 R 0 AN TR D

AT A A AR R L R I AN AR A R AR
MR, g R kB, R 25
2. 5. 55 (Onobrychis viciaefolia) W b W& il . E - FIR
RSP BT A 21, Hp N IREh B A K
VNV O B R 2T TNy o A A B T B 7 N B R
%o Fa4h, AR 9 a) A8 Ak 75 2B R &R 8 B 22 0 A
K, TE 60~70d. MARAENHELEDHEE
O, A {E MS. SH. B5 253 AR 37 3L A ik
BB INAEKRMAM >R R, BRGENHEM
FKOMHARE. FHMNEKREA 24- A XA L
% (2,4-dichlorophenoxyacetic acid, 2,4-D). %% Z. &
(naphthlcetic acid, NAA). ¥5|%k Z.1% (3-indoleacetic acid,
1AA) %5, A R EA 6-FRZIEIEW (Kinetin, KT). &
KE (zeatin, ZT). 6-FZ FHEMEIS [N-(phenylmethyl)-9H-
purin-6-amine, 6-BA]. 5L IRIER (z-ip) 2 (3 1),
12 ERMEIRERLA®

WAL e Ak JE ALY B} o S T e = R 4H 2 F 7 A
T B M OB BOR, AT AE R R R I R A B Bek
A AR ) 2H 235G TR Ak R AR AL BRI o T A F
T H ¥ E 4 DNA SN EmE (& 2). Tk 24,
i A B A AR A TR O R AR
T s AL B R A A SR R . B R
) I8t fE ¥ 40 77 15 DNA H # 5 N\ vk & FF 3
(Agrobacterium) Tk .
121 HESANE

AR I R B 4 B ONVE R R 2R R R OE
SFy HBEEE T (R 2), AME H IR 3 AR
o Mo, 4k T 13 B B R KA PR (9 J7 7% o Pereira Al
Erickson 25 5% FI 5 PR VEE npr TS N E7E, 3545
T 7 RRBHME R AR o KM 22 VS AE TE W S (Cicer
arietinum) = AU ACHIE FT T, 4 TR DR A 1 e 4 iR
BBV B B SR A B A R . RS
AL R 5 RN B AR AR B AT 7 Ak, HL AR R
BRSNS A7 A2 DR HL#% DL RS e 1 ) . (B
E SR EEN OB BB T L, BKEH
Hom g i N s B YR ST R AR AR, A
DR A s B R & A A UYL e AE R R E R
i DR o Ik I AL B B Al b B R &
5L sk e S, DNA B R R A
T B Y DL SR o AN T S AR R AL A
W) A Ak, 2% 1 T AR AT B AR AR P,
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Table 1 Regeneration systems of different legume forages
Fi 72 Medium
it S FESM LA 75 0 A 5L R S5
Species Best explant Callus Induction of Root Reference
induction adventitious buds induction
LWETE i MS +2.0 mg-L ' 2,4- .
N - MS +0.4 mg-L KT
Medicago sativa Hypocotyl D+0.25mgL ' KT 5+0.4mg 12 MS [9]
HACETE NFF2° A7
M. sativa ‘NFF2’ Petiole SH2K MSO 12 M8 [10]
-1
_ + . D+
HAEETH FHEH  MSc0smgLl2d. N0 LU TSP A -
-1 R .
+0. : -
M. falcata Hypocotyl D+0.8mgL LKT I oL e
WRIBRIERE MS+20mgl 24 MST2OmELT2ADE o
Medicago sativa o oi:ot | D40 5 me L K!T 0.5mg'L KT+0.5 N'AA
‘Gannong 3’ ypocoly > me mg'L ' NAA
!
B +2.0 mg: D+ B
ECHEEHE W MSe20mgL24- VOSSIPEE BERT s 0 meL [12]
va ‘Hetian’ D+0.5mgL" KT ' - ' AA
M. sativa ‘Hetian Hypocotyl 0.5 mg me L 'NAA N
-1
_ + 2. . -D + _
o1 AL T T MS + 2.0 mg-L ' 2,4- MOSS IigOLIEgI]gT f’g(g_ MS +0.1 mg-L
-1 . . .
. 3 9 + . _
M. media ‘Gannong 1 Hypocotyl D+0.5mg L KT mg L NAA NAA
SR HE - _
R - MS+20mgL " 24 MS+0.1mgL NAA+
Onobrychis T e a1 1
viciaefolia Hypocotyl D+1.0mgL KT+ 20mgL 6-BA+1.0
. , ypocoty 1.0mg-L ™' 6-BA mg'L ' CH
Mengnong
MS +0.01 mg-L” o
. - MS+1.0mg'-L NAA +
T THEH NAA+OImgL e NPT LOMEL NAR
O. viciaefolia Hypocotyl BA + 1.0 mg-L ' 2,4- ' fng L' cH '
,1 -
D+0.5mgL" KT [14]
ik AN — MS+05mgL'6- MS+0.1mgL " NAA+
0. viciaefolia Hvoooote] BA+1.0mgL ' 24- 1.0mg'L "' 6-BA +0.5
‘Reymont’ ypocoty D+0.5mgL KT mg-L ' KT
- MS + 0.1 mg'L™"' NAA +
+0. . - N
wippass S PR S Lomg L 6-BA 2.0
. . P -1 -1
.. . 5 . . + .
0. viciaefolia ‘Eski Hypocotyl D+05mgL 'KT mg'L CH+2.0mgL
KT
12MS+0.5
mg'L " TAA+0.5
mg'L ' IBA +
MS+20mgL'6- MS+2.0mgL " 6-BA+ 02%JEHsucrose +
BA+0.5mgL "' 24- 0.5mgL " 2,4-D+ 3% 0.8%it 7%
FEAEHE RS D + 3% ¥ sucrose Bisucrose activated carbon s
Stylosanthes spp. Hypocotyl MS+20mgL "' 6- MS+2.0mgL " 6-BA+ 1/2MS +0.5 [15]
BA+05mgL 24  05mgL'24D+3% mgL IAA+0.5
D + 3%} HfEsucrose Fiisucrose mg- L IBA +
0.2%J Bl sucrose +
0.8%3¥ PE %

activated carbon

MS, Murashig Skooghi7i5t: CH, /KMFAEH;: KT, 6-MRAEEEER: 1AA, BIRAE: NAA, ZELRR; 24D, 24-"5RA LK,
MS, Murashig Skoog culture medium; CH, casein hydrolysate; KT, kinetin; IAA, 3-indoleacetic acid; NAA, naphthlcetic acid; 2,4-D, 2,4-

dichlorophenoxyacetic acid.
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Table 2 Methods for the genetic transformation of legume forages
e ARG S e B EE BTN
Classification System Characteristic Strength Limitation Reference
AT T L KGR )
B, JPE
%DNA}EA*E#%% éig%ﬁzz’g{&\ Tﬁif@%ﬁﬁ\
AT ; . L BHLEE A
Aerobacterium Agrobaqterzum enters High efficiency, low Limited host range [17]
gro 2¢c,
cells by infecting plant  cost, stable, allows dom inteerati
wounds and inserts T-  transformation random tntegration
DNA into the plant
genome
FE[R L2 N .
pERagEn e o NeE{E, R
L R A L P ”Jf%ﬂ]z@\ll“lé: PR HAFE. AR
SAREST E coatedand P FERIEIBEKR BEHLE A
Biolistic particle d:}?ec?rziz dcgztf) hZI;V Species independence,  Low efficiency, cell or [18]
f gt gy, delivery me tZl articles Whichy simple operation, large- tissue damage, high
Traditional are p lled % I size gene delivery cost, random
: propelled mto cells integration
genetflc ; at high velocities
transtormation
FEHI K ERT VRh I A IR
SEDAE L AL M 2 I 20l BE
. A o Peb, 205 MER HE
Electroporation Genes are transferred Fast,' inexpensive, high L1m1'ted range of plant [19]
into the cytoplasm by efficiency species, difficult to
transient pores under pass walled cells,
electric field pulses toxicity
PEG T (41 UL R
. I PEDNABENE gty s 7 et IR
ggg} P . PEG destabilizes the Highly efficient [SLHL o [20]
-mediated delivery protoplast Limited to protoplasts,
cell membrane and transformation random integration
allows DNA to enter &
the plant cytoplasm
R b S AN 3 |
KIRL . Fk B goK A
B ERE S
W REMIEIKN
B REEGURA L
AP EIDNAL JE GURMELE AFREC WIS, BRAETR
A< SR AN AR L ENFFIREAGINENE B BV E. B BURMELZIR,
gk Carbon nanoparticles, ik R 326 21 4 if o B %jijjr%_\ HAWROR = Px"%}%%fﬁxﬁ/
Nanomaterial-  magnetic nanoparticles, ZH/d% . . Species independence, @Cf%_‘fi JFF E’}u@.
mediated gene silicon-based Nanomaterials deliver  simple operation, Limited nanocarriers, [16]
delivery system nanomaterials exogenous genes into biocompatibility, high  affected by physical
layered double cytoplasm or organelles cargo-loading capacity, and chemical properties

L [R] 2H o
AR

Genome editing

hydroxide, polymer-
based nanomaterials,
peptide-based gene
delivery DNA,
nanostructures,
liposome metal
nanostructures

CRISPR-Cas
EX
CRISPR-Cas systems

via an endocytic or
nonendocytic pathway

H#CRISRP-Cas & 4t 1%
NN, T8
sgRNAM 5| T AT
BRI

The CRISRP-Cas
system is delivered into
the cell, and gene
cleavage is performed
under the guidance of
sgRNA

high transformation
efficiency

BTV 4,
PERETE )

HE TR 2H o e

Precise genetic cutting,
facilitating and
accelerating plant
genome editing

of carriers

JFUHL 5 B . RNP )
Kifi s Hiz AR AR
Easy degradation for
plasmids, easy
deactivation for RNP,
restricted to delivery
vectors

[21]
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Horsch 2 % 75 #1490 20 41 5% 5% £ R 19 4 4 % 1
AR B AE o SRS = T B AR B B R AR
RATHE (4. rhizogenes) FUARJE A& AT H (4. tumefaciens),
AR B AR G AME AR A B, FEARE A 10 5 WA TR /N
Gr T RAE WSS T Ti BUKL™ £ 1) T-DNA H
By nl N RS B Y A0 M G K | . Deak
B o % 7 R T 5 A8 A AR AL S
RN R R E Sk . RIFEN FERA
R E S AR A ke g S s (R 2). Btk £
PRI AT L b AR 2 T A . YA
P55 5 PR TR R A U R % 0T R S
(Beta vulgaris) J% B AF & 8% -1-H < 82 A B 2
(sucrose non-fermenting-1-related protein kinase 2,
SnRK2) B K % N 41 5L R IR 3R 45 FH L IR, N BE B 4L
THEH A (R) SRASE M B R

FAh, BB R R R B P b B A T Bt
T AR AT T BB A B A AR T, ThRE R R A
Y, S5 B 49 oK 8 B AR T v i g3 A% e R o A i
BE 5 [0 A2 0 2 1 1O RS T 20 R A A R
fi e T L AL A A 5 B4 H 85 1) 17
R AR IR T R T U0 AR ALk 9 K JBK (iron
oxide nanoparticles, IONPs) FJ # & it 44 % 4k, 2 %%,
KRB BB A PR oS M R R R AR A AR
B R S, R AR
AWK FE, AN B A T VR AR R A8 A% e Al b i S
HAWT K.

2 SRR PSR ] TR

21 ERMEREMERERTIE

T FRTE A R A R i T T 2 AR B, w]
HESHEWENRSER20T . R d R4
X B2 B M S B (Phyllosticta)s 1R & 95
(Fusariumsolani)~ 1§ % W (Heliothis armigera). %f %
(Aphidoidea) %99 R FHE WM . (EREAF %A T, S #
% H 1 (Coleoptera) 1 2= 38 OSSR 1) AR 7= i K & 4
%o N T HIEE R, NIARA R AT R R
WL, HAL R AT A SR BT DL K B R
70 VA ) S 0 A T3 A g B A A P T
Ja, AR E T AR T R R DA R G R )
T 75 M ) 5 S o A A B AR T 2 1

DNHRAE A Y e 3, R AE A AR A T R
JE PUIE (resistance, R) 85 H o RS Fak #Ed, i
JE AR 72 A B 280 43 ¥ AT BELA FEL 420 40 PR 3 T RS =GR
7 %2 A& (pattern-recognition receptors, PRRs) 1 51| I Ji
PRS2 F#550 (pathogen-associated molecular pattern,
PAMP) LU R Hi 1D, Bhit R 2 @ T Ak A i
PR R 5 R JEAR N AR . DRI, g BS R 2R
PR 2 DR 32 FH T AR A6 R E i T A 1 )
Forp Y, $ERE RS (M. truncatula) RCTI 1321k
i =B (Frifolium) 3845 7 X} R IH I (Colletotrichum
trifoliy BIHTIES o (E by T 955 S5k A0 754 24 4R, IX
FohpH — AN S DR 45 ), B SRR 8 P I 7 VR AR HE
T e K IHPUE . BRI, B 5K (Oryza
sativa) R & R A H0 & MR A7 £ (quantitative trait loci,
QTL) [7] B & 45 A I 3 5 & B R v R 88 J i 32 1%
P 1 BF 1y RS R R 1 (1 L 4 6T
B . BRib 2 Ah, B E bW SRR IS v N E
Mt o VE K Bl A R AR ZR L LT AN 22 I AL
Mg 5 T K A M 9 A i N =0
211 EYFHE

MY HARA R KR A, =AM AEYD
BR, MK mEIWERBENRE FH 0%
3 . HAr, HUE AK (antimicrobial peptides, APM) {E
FREINSER G e R G0 b i O AL R 0y, AN
N R AR 3 il AR T A . APMs T
WA A, TR B RASY. Y. R
BB &M R RS, HILT LREREIME
FAPY. Mustafa 2 20 41 7 10 B AMP 5 A A £ 24
i 24 T Ak 1 &5 & 15 2, K B I R K (snakin-1, SN1)
B SO e . B RIN AL E 5 MsSNIT 1) % 5=
EALHE R R 51 2 e B9 1) 2 L TR AR 5 P B O ) =2
MR YE R B, RGN  EOR KT
AR AR Y, B Ah, o B A R T R
(isoflavone O-methyltransferase, IJOMT) % [K| i 15 & 15
ZHEEEREREE Hhh iR R R E
TR, X6 200 R A 0 B0 1 8 5 e m Y Ol 2 A
(Thrips alliorum) &3 J5 , T PR A4 P 28 28 I A0 S5 5
B EHEY, Ry R Rk JoMT A B T 05 5
6. WL, AR SR DN AR AT R T SR R R AR
Vi iE M RE ). FERAEEHE D R R IE LA
(Arachis hypogaea) 1 22 7 W4 i (resveratrol synthase,
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RS) A A 4 BE A AR AR R B B AT AR (I
X EEFEE), FE0 R 2 S NP R s, H
TEAT A 4 T T 25 2 5 ), ax e gh R u, A%
R TE N 3R m SRR B AR Y e RE ) B E B
AL
212 ik

YW )LT RS 5 ENAERK
B, HAE Y T B R R, D) O]V A B 2 A R
g LT R, AR E T B —
Tesfaye 25 " BF 98 % B, % 52 (R 1 75 Mk b 6 A0
MR W R B LT B AR BN & =)L T
Jo3 1) 2R fife s T L S 3 0 ) B A 2R e N
il & (Sclerotinia sclerotiorum) P B B I 5 44 1 188
TR . IS BEA S 2 —Fh R E R Re gl B
P D0 A= 7 20 L B A T A8 G 3 0 14 1 B 1 o,
A% PGP A L I A Y AR
JOR SN B PR 22 IR BH MR TR, B Il 3 O K R R
B JZ Hh F7 7E 1 N- £ Tt BE R AT N- £ T8t i %6 B3 i B2 ot
2 TR B KA 40 B R s 2 R
W AR &8 B T B A R DL d A A A
I F R 7 RS B A H ™ sk E Y SR R AT
IR LYZ-GFP XU HE R 3 N 3 AN H A8 an b, IF
AT T Ve T il R DR B DRI R AR . IR MBS R SR
B, b B RIE LT 0 VB A I S g R P T
3 N O L RPBORE I PR M
2.1.3 B 57

T 53 s T 00 ) 790 B, Do) B R AR K BT R
B VST . P VI R4 & T RE S Bl
A N IR A i 45 G IR DUTE B B BT, 0 A0 B
e, TR AR A e R DY R R e
.5 OvBAN/bar % N A E 16, T8 7 L BRI bk &
PO, B 5 AT AR F R PIEE Rk
Jir T 5 1 B 4 A R T A R, N R 2 R A
78%~93%. H LA W], BT fmy M40 ) 75 5 T 2
o A DR R PR I 0 R M

TN, SRR S R — R B 0 & &
8 ¥ & (Bacillus thuringiensis) 9w 15 1] 6-IN B & )
& . M S (Phaseolus vulgaris) "1 43 B H K W) o-7E
oy Wi 0 1) 7 L R ATl B A R A B K Y
aAIl 7] 1 i) 2% 5. R (Callosobruchus chinensis) F1 I
4L E % (Callosobruchus maculatus) % 78 1 JE ¥ B 1%

P, X A e 5 350 & IR 1) 218 4 KB
T, X AE e R DR 8 W AT 1 B R AR ) N 45 A
ERERY, ok B 30k CryIC i 5 DR 17 7 % 2% 380 7 ik
(Spodoptera litura) F1 /N2, (Plutella xylostella) W] 91t
Ve 8B S b, g Crylde B NTEWEE R,
H B4 R R 3 0 o0 B T AR R AR 7% P,
SR, RRIE—A ery M FEEAEY) T B2 T 8t
PEMR R R b AL . TR R A =R E AW
#RO7, ot Bt E A Rk R, BEAE ey BA
PR RS, T o T I 0 ) R L R R
IR AL TE 2 [ % . 55 Ah, e 4% % B R R HURE
F) CLP 2 R 388 301 1) 220 1 A SR W 4 o) 32 1 2 K,
L T R R A T R
214 BHER

[0 AR ) 22 4 i) L, AT 7 B PR 7K AIC Y
ERBEHE., BERRARAMIEENEA R,
HH— N B2 A 5 2 45 M S A, B R e MR )
FERI WSS A oK S A, HA SO B oK AL S )
L RER A I RE 1Y SR AR K G O A
HMn Ca G EEE T, RE-FESBRE T4
Be AR MR B R R AR BE R B A AR FE
aFER L AR AE ) EE R, R B A AR
(AW 7 D Re, 5 45 Ry ek 5 RR e M 2 TR Vs W A
(AR S PR, 7 R AR T A W A I, AR K R
BT M 5 VP 40 AR L 2 T PO B AR A S s R A 5,
ZWF (Aphis craccivora) f= 510 8 W G A K5 H 2
—, BUW KA FEENR A, WEEEEN T
W Kk (Allium sativum) B4 25 55 IRl 18 4% 2R 5 1Y
[ W 5 7E ) B2 SR 4 7 ME R Bl T rolC IR, AT AE
A 0 A7 o e M b 0L o) B3 R, S R AR TR R AE
193 5 F B E) 11%~26% A1 22%~42% 1, Fil A it
RRAG G AR, R e P b oA AR R L ] B v
ERBE, #— S Eh SRR i EY, R E
BHBCRL P U a8 A o R 3R EE 0 SCH .
22 ERMERIEEYHIRERTRE

5 FEA L BRI O A KT Y 32 B
B PR 2, R AT A B P T O ) B
o] . 5 E AT 5] B E M e YIS 5, Ehiia
A [A] I 25 HE Y A kB & i s T B EXE K ).
T 5 R0 e A R 5] R A A E L IR AR . S E
i S LR A S IR B AT 5, AT 51 E A 21 6L DL &
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sk E K R E . W JE H-ATP B (V-H -ATP [ ) #l H'-£ i 1% g

221 HLREERETE

REMAKY, SEREHLFENTEER S
TR E I B B (R 3). K B T (Zygophyllum
xanthoxylon) ZxABCG11 ¥ N'K AL E 15 J5, RIEH A
R AN RO e Ay R (YN =i =
b 5 e Y. 4BPo i@ T T 1A A N VK B
(abscisic acid, ABA) 15 5 >k 3 58 18 4) X 2 Ff iy 3 71
iy 52U, ok ik K (Zea mays) ZmABP9 Tl i
B TR A B R B e W, B BRI
L’ I+ (Arabidopsis thaliana) AtDREBIA 7] A% ¥ 5
AT V8 W S AE + 0 S B 28 s VR 150 AR & n)
b I, AR A R AT, X s gk Rk,
B S DR 1 SR AR RE 3R R ZE I AR IR S EE D
(I R 7/ SERU N L [ i

4CL AR R A G gt 2 5 2R Fe A
. RVET 1y —Fh MYB $ 3 1 F, 1)
43 AR W B B R R R, R VR 2 K AT e T,
Badhan 26" | B} CRISPR/Cas9 +% A fil 4 J& W o J5
A BRI 4CL A RVE7 £, 1 IKAIEW] CRISPR/Cas9
AL T8 W SR AE o AR b S IR T 2 DR A g R
Singer 25" | F CRISPR/Cas9 % 5 1 % i - 5 2 T
g B A FE 8 (MsSPLS) 35 R R A%, E 4 > MsSPLS
SR EER A3 B 238 3 AN H bR AL T AE N R
SRR R R AR, R AR /N U A 4 B 4 R Y
Ak o A AL R DR R AR R T DL g R AE ) SR AL
%, B i % MsSPLS 55 i B R € 2% ) 16 W) £E 15 [H]
K. thmns B AR RAEME KRR KT
THH A W kb o X R T A5 ROy — SR TR
AR i AL B A £ AR A
2.2.2 i B R AR

g E R P s LR, A B SO &
(¥ Na', AT A R 404 P9 Na /K R 25 2 7, 3k 1 o A
PP s R B TR S i S
ffl N Ca’'\ %% 1 % (reactive oxygen species, ROS).
ABA HI 22 2L J7 3% 6 B H M B§ (mitogen-activated
protein kinases, MAPK) 15 5 & 72 "™, Bl 005 0 15
SO TR R SR R T R R A A e S A1, (R
WA R 2 R WA B SN T K
VEVEAL A, LLIRAK ROS B 5 . 2k 37 40 i it 52 45 Y,
Na' [X 34t /2 H I I Na'/H 390 i) 4632 2 1 Se P,

(H'-PPase) J 3L 42 5 5% 7 3 30 ) . #h 26 409 6 %
(Suaeda corniculata) %wt% V-H'-ATP J V. 3 1) 55 K £
ST A8 Hh e R AR08 T LR ey e A DR RE b ) T R
Y™, % F ZANHX1-PcCLCg ¥ NS0 E )5, #3
PRI AR A 2 2 Na's Cl, BsREE e T A 51
BEW R B IEIE . KB R BRI
o 1B RIEWSF (Puccinellia distans) NHX-CAX
F) e 30 DR 1 7 2 B SR 5 R A, B
35 FH S M I Na'/H 38 17 3% 38 & A % Al BUNHX
(1 4 I TR 20 W 55, RENE K 4 R R R i 2 1 Na'#533
2, B R B AT R i SR Y. pe A, gi
A SR APt R Na oh HE 0 7T 52 A AR SR . SRR
H A2 48 0 3 o A FT 1 A S A T AeSOST BEN
LA H T, HAEREARE T SOST & 44 i 3t 18 4 4
fi PP Na A, T UG A el 36 o A R 14
Fo ORI B AT AR ) 40 T S Sz SR A, AT A
e R R 36 1% o 72 S A6 B A8 B N K TG < Ja I 2 1 4
rgMT J5, 4 rgMT Fo € RIA RS, B E RS EHE T
i £k £, BB K & 1 (dehydrin protein, DHN) i
P20 B S 52 SIS T M K A5 45 B B ) A AL R AT
AE R, (HRIE T TR F 5 (Cleistogenes songorica)
CsDHN H CsLEA 1) %% J& IR 7 X 56 il 280 0 T 52 1%
B3 E U ¥ e E % R A ) 3
BvSTI ‘7 N\ H WK AR (Lotus corniculatus){R )5 , % %=
GER 7 O ) O Tl T S S SN U W
BvSTI Rk Bk & (£ 3) %, Mg Emy
i DR TR R 8 2L i S A 9T R B, SnRK2 52 3 i (1)
P, NIRRT 1% DR AE R AR A 0 dE i B i AR
FH PR AL IR B, A 3 5 SRR T 1% o R
HFEEFE, UL REY, BiZEA. BPEA
o IO N 5 v SRR T R A SR A .
HEREEREFEBEFNEEMNT B
— o W% AP2/EREBP. bHLH. bZIP. HD-ZIP. NAC.
ZF. MYB R WRKY Z 45 8 i I #e sk R 1 CAE 2
PR W) Rk, BATTAE MY ) 7 S AR ) o 3 o
BB G5 R B, B
VI VE 2 A 6] AR 31 s SRR A T A, 0 958 0 R
P55 B BG b0 A A 25 4F R ROS WD, MR R AR
KIS, LU A ot )2 ) 1 5 B3 A 5 = 0 o B
3¢ &« ABI3/VP1 (RAV) A 5% 1) %% 3% A 7 75 1/ 715

2 [80]
=]
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Table 3 Studies on resistance gene engineering of legume forages
] -
L S TP IRRE 4% B4R
Stress tolerance . . .
type Gene Effect Genetic engineering Result Reference
& - - . , 15 e
% £ZxABCG11 SRR S KA B zmac%Zx/ggGui
Zygophyllum ; N . IR E T
Encoding cuticle lipid ~ Agrobacterium . [71]
xanthoxylon transporter mediated method Alfalfa derived from
ZxABCGI1 P transgene ZxABCG11
it —MbZIP SR ) e AR LR € AE BT
S— AT RIFBA G e X
Zea mays ZmABP9 Transgrlptlon actors Agrqbacterlum En. anced droug t [73]
encoding a bZIP family mediated method resistance of Baoding
of transcription factors alfalfa
B .
tolerance WIFG I AtDREBIA FAFEA B ﬂ%yéigﬂﬂ/\ﬂﬁiugﬁi
e ) HxHT . Lk
Arabidopsis thaliana Transcription factor: Agrobacterium Decreased transpiration [74]
AtDREBIA SCHPUONTACIOTS e diated method cereas piratio
and increased shoot
biomass of chickpea
mALEE A8 T a S RALKEAGR KT
EALETEMsSPLS HEFES R R
Medicago sativa Encoding squamosa CRISPR/Cas9 The mutant alfalfa is [78]
MsSPLS8 promoter-binding more sensitive to water
protein-like 8 deficit
1 RIEScVHA-B,
ScVHA-C, ScVHA-H ity V-H -ATPEEWLEE AT 14 4 ik b AR S
Suaeda corniculata Encoding the V-H - Agrobacterium Enhanced salt tolerance [85]
ScVHA-B, ScVHA-C, ATPase subunit mediated method of alfalfa
ScVHA-H
H - -1 RSBOENNa /H e HER I A T £
B EZNHXI-ZxVPI-1 - SESHGEOEINa HE e o o B S SR E AR T )
Zygophyllum Mz EA Aerobacierium SERE A 36
xanthoxylon ZxNHX1- Engod}ng tonoplast mg diated ml thod Enhanced salt tolerance (86]
ZxVPI-1 Na /H antiporter cdiated metho of alfalfa
e SRR Na /H ey BRI T T
B¢ PANHX-PACAX @gggﬂé a M e rpin Sk lg%%%% A R )
Puccinellia distans . Agrobacterium ° [87]
Encoding tonoplast . Enhanced salt tolerance
PANHX-CAX Tt mediated method
Na /H antiporter of alfalfa
G R0 SN /H I NN B TRAT TR #h
ESEBVYNHX Mz EA iujo: é;ejz‘u/i Enhance salt tolerance 28
Beta vulgaris BvNHX Engoding tonoplast 8 diated method of Onobrychis (88]
it £k Na /H antiporter mediated metho viciaefolia
Salt tolerance B R G -
N = e Y i o Y R
BRI ALSOS , KFFBIA Sk T kARG
S %l SOS : T 15
Arabidopsis thaliana . . Agrobacterium [89]
Encoding SOS protein . Reduced the damage of
AtSOS mediated method
salt stress on alfalfa
N " , i i RL IR A T 2
KFEOSMT 5T B AP Gk B e
: Encoding Agrobacterium [90]
Oryza sativa OsMT . . Improved salt tolerance
metallothionein mediated method .
of transgenic alfalfa
- e e . R TS SR
EURTHCLEA  RBBAEN RRFBA ik e AT A
Cleistogenes songorica Encoding Agrobacterium . [91]
CsLEA dehydrogenated protein mediated method Improved the resistance
of alfalfa to salt stress
J= Ty ? i) J::lt:li:lt Y “El . }
STt 2 W TR 1A ) s ik B0 KR
HIZEBYSTI ETE RFFEN FE ipp=Al|
-~ . o . Agrobacterium Reduced the effect of [92]
Beta vulgaris BvSTI Encoding serine .
e mediated method salt stress on Lotus
protease Inhibitors .
corniculatus
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Table 3(Continued)
S \
LRI I {1 HEH TR % BH 3k
Stress tolerance . . .
type Gene Effect Genetic engineering Result Reference
B T IR
‘ AT ERRE, T 5L
BV B MIRAV3 b S H T RAFHEN Tk Eh I8 T 32 1
Medicago truncatula Encoding transcription ~ Agrobacterium Enhanced the tolerance [96]
MtRAV3 factors mediated method of transgenic alfalfa to
mannitol, drought, and
salt stress
MsMYB2LFI{ER—A
TR LA B
‘ PR 52 i85 £
B E TS MsMYB2L b R KT RAFHEN Tk f s ik [A]
Medicago sativa Encoding transcription  Agrobacterium MsMYB2L can be used [97]
MsMYB2L factors mediated method as a potential candidate
gene for regulating
alfalfa salt and drought
tolerance
: I ISR
ey ENEE R 1 i
BIEEEMRISO oo AR 0T S 1
e Medicago sativa . Improved the tolerance [106]
fiif £ . Silencing SPL13 -
miR156 of alfalfa to saline
Salt tolerance ;
alkali stress
PR e
B, i AR
~ Bt
iy ) i
EH]MELCERFw(; s Z‘kﬁ% S SLA S Regulated reactive
Lotus corniculatu Encoding ethylene oxveen snecies-related [102]
LcERF056 response factors y8en spe
genes and improved
salt tolerance of Lotus
corniculatus
S V1925
RN = L A AL BE
SR B A T B
Fi R MsCSase S R £ PR Alkaline olerance of
. . . . alfalfa was enhanced
Medicago sativa Encoding cysteine b L . [108]
y adjusting osmotic
MsCSase synthetase .
regulating substances
and improving
antioxidant
capacity
. AL AL
" — R s S R e (ERFERR
ES I ACBE ] HTE R TRERAT kg B, o
: X ; . Encoding cold- . .
Resistant to Arabidopsis thaliana inducible transcription Agrobacterium It makes the transgenic [112]
cold AtCBF1 £ p mediated method alfalfa cold resistant
actors . .
and high yield
- S50 5 1-THL 52 R4 T AL
915 J&VaP5CS W25 PG A T A2
Vigna aconitifolia Encoding A 1-pyrrolin- Fixed root and [114]
VaP5CS 5-carboxylic acid improved chromium
, 2 synthetase tolerance of alfalfa
TiEE e T
Metal ion KUWEEMsWRKY19  Ywtdfese K1 LA A FE | d chromi
resistance Medicago sativa Encoding transcription ~ Agrobacterium Hllp rove Cf ri)fmllfum [115]
MsWRKY19 factors mediated method tolerance of alfalfa
AL ETE MsMYB i i s (R 7 ARFTH A FE Made alfalfa resistant
Medicago sativa Encoding transcription  Agrobacterium ale a’tatla resistan [116]
MsMYB factors mediated method to aluminum stress
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T AR K A BT 38 M 7 Tk 45 AR, MiRAYV3
() e 204 1G5 1 e Bk DR AU B A8 G L P 38 1) T 52
Pk, I 75 S AR O 3 R i Rk P MsMYB2L 7E
& B0 SR 2 B R ABA 1R T, R
Tk B 2 IA A i T DR A PR 1 I IR RN T MR A i
BT A R o, iR BT SRR B R (3R 3).
PR, MsMYB2L WAE Dy —> F1 T 1 4% 5040 1 7 T
P f v 045 e HE R BT Q AR C2H2 4 HE 7E 1 (C2H2-
ZFP) ¥k N v 5V Z W £ KK E M5 i x
M K. PL g5 R, s B 1 R R Rk 5o
TR AR R B R R R R S RE T .

B 1 sk 2 A6, AR AP E ik v A F
TR R Rk, T i R R A UK A 1 e B A /N AR
AR A BT, B 5 ARE RS R L ] i
ok 3% B B . ROR B PE miRNA DL R B
Rk« 5% F A 2 2540 S o AR R R
R HE SRR AE T . W TR W], miR169. miR408 Al
miR319 ()3 & ik W 35 G 5 & P P 0k 38 4 2
i 2 N, BRI BT % K B, miR156 f) i &
Fak B T e BE KR AR oS 0T SR R e ) it 52
PO LeERFO56 2 5 5 % MR 42 1 R U
FEH, LcERF056 ()1 5 3R 1K W 1 4 B R 400 g 7+ A
AR L ke B R i 2

BIE T AR AR S E R, T H G
PR 7 4 o P I 3 1 O 4 RF 4 M I A2 5E e DL PR AR ER
Bl Foly 38 X R W B A . 2 =R & BB (cysteine
synthase, CSase) Z & 2 5 W W) 4= Kk & AL A4 4 iy
BPUHEE, I ERIEETE MsCSase B %% 3 R BE & 7619,
e R L IR n A M s e =R R,
B H K HyOpn Oy & 2D, A A AL i
(superoxide dismutase, SOD) Flik S ALY (peroxidase,
POD) i 1% B I, y-7% 20 Bt F e 20 iR & Al i 2 [
(CSase F i 3 PRl ) AH X 22 ik & 52 35 o T 05 A2 0 1Y,
A] L CSase 18 3 1 55 72 1 7159 o AN = B A R
7 VA 5 R R ) I B o X e 25 ON T FE CSase XK
TR R IR 70 A0 3 AR A i e R TR B U AR T
Z%,

2.2.3 i FE K TR

A e R EY KR EIEMR &, I
Wi O & R AR R A2 B — R iR
AU R IR 4 5 B M R AL R AR E A A

FREIFMEREG N A% (< 0°C) el A
ZRAN 5T A UK A R TR B, R 2R R OK A T A B DA 48
Ji JBE, 5 B4 ™ R 7K, AT R AR ) g R B 7 E
5 1O, R VA Wl R RE £ S I B g A
BT, R RIRRR TR ENIES, B2 3
FLU™, DR A ) 2 DO R T R 4y BAR BB R T
W5 LA JSE xS 4 i Y. URE IF ArCBFT SN TR
B AE o, 6 R R PR 2 SR A Kb 38 S o K R 4
EAKERE. & & E O RS 2R AR A
W 3" hithR Y, AR SR T T R
R TEE T M PUERE T .
224 PEEES TERNITRE

88 B SR N P N R 2 A ™
R i W E SR B TR R
VBB 55 o R, 1 % 4 J8 B 1 W WA 22 1 o fp ]
AR P 8581 . Gareda 281 4 1 S 91 G & (Vigna
aconitifolia) F] A1-Fit W& Wk -5-F2 B2 & B 2L K (VaP5CS)
HNBEEAE ORI, AR AR I R = L
B A2 AN HE w5 X 89 (cadmium, Cd) T 4, 1 Hid
A AR R T Cd R R E . AR AW
VA A RORE OG Ik DR IR AR R SR I T AT, P
AL AL A1 NADPH 15 36 2 5 Rixf Cd il . 3% Wl #%
B RIBR 2 B Cd B S| AT BE B8 2H RGP BT o R
fiif 5% P @) 3 N A e AR T R IR AL R, B
Ji 2 B A . B4 B & 2% (phytochelatins, PCs) 4= 4
& B PUE AL 1 NADPH 7 BF AH 56 (1) J LA B 2
B B K. BRI KL EE MsWRKYI9 .
4R DR R MR 6T Cd TR 2 M, B MYB S Rk
F) et R L T % 360 i ) e 5 i e,

AMIEES IR B A8 R B RT A A80k 20980 4 R
B, B s (C-dots) B A 3E FLIIHE T, 2R
Sk 37 24 1 BF 95 4538, . Chandrakar 2"V 3@ ot 43 #7 1
W S AR EE L AR A 1R, TR Al C-dots 7E FEAIK
fifi (arsenic, As) B E A &1 . 25 R KW, AsfER
KRR EFRAR T M S K ZF 2, K AWEA
Y MR RS A E PE o As B AR KR BRI, AT EL
AL T . ROS. MBFRICY) (5 ). B I B (&
D6 T K-S -7 7% Iilg 0 ALk 1 IR -5 -8 TR A I ) v PR AR
B ALY (= R A1 A e H K & &= AE As hig F
N . As 4bHE S B WE G NADPH %44 i A1 B 1
FHOGEE R R E B . AN FH C-dots X503 1 [ Mg
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41 %

SRR A, S5 TR A OGS RN RS, dR
T TR AN AR e H K K B, A 3 B ROS AR
TR KT S 2 R AR . IR S5 IR R W, C-dots T AEIE
LA As BRI, 5 3 AN I g BT AEAL R GE A R
BRI, T FEAR As XF AE P & FE v Rz .

3 Y

W GRCRE A2 T2 v, iR, &
< e A B g, A 3 D TR BOR o R L sk
RAMF Bz — o RE H AT G RO HTg N TR
MAacals r R, HEFAEEZ -,
1, R R AR R MR L BENLIE R, a4y
J T A v A ) 3B A A AR R AT AR Ay
igp DL B HE L 0 S 20 Ak TR 5 0 IR L RHARURE o S AT
PUPERE FUAR XS 3 55 5 5% 2 D G RMCR K 2452 B AR

W fr B 3N AR N HT R ) 22 Ak PP AR 34 R b0 5 AN
AL BT, A5 R E GORMCEE P ] TR
FEN iz AR HAE LU JLAN T 1T 1) R 22 A 410 5 8
BOREL & B B2 T7 ik, o JE 322 5 R
Pl EEAT 2 LN PP, B B R0 IR U R g
FhBE g Skl 2) 7R A2 AL, Fer 4l A A
AR 4 45 20 2 T Br, 38 B3 SRS AH S ) il ) 5
PR SR B 42 90 Ml B A0 e LI SR T, R B R
B DA R o 3) A e AR AR I 30 A B A AR R SR
b ST e R IR G AR AR PR R AR ) T
RERUBIEFT o 4) Jin o 5 [ B 2 52 DR 1 0 BEATLAG) 1) 5
1, S 57N 78 3 PR e 5 DR 0 1) 22 4 PR T O A0
B R, R B B ORI R R R A R . X
B TR A Bl T B ) 7 b v o R AT SRR AR R R
e ARG Bh ) 2 KR D%
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