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Abstract: Forage is the best natural feed for herbivorous livestock. Therefore, it the basis and guarantee for the
development of the herbivorous animal husbandry industry, and an important food resource as part of an all-
encompassing approach to food. The breeding of new forage varieties is essential for the sustainable development of
grass and animal husbandry industries. Forage plays important roles in promoting the stable production and supply of
animal products. With the increasing demand for new high-quality forage varieties and the improvement of breeding
techniques, forage breeding technology has entered the molecular era, and great breakthroughs have been made in
the cultivation of new high-quality forage varieties. In this review, we systematically summarize the forage breeding

techniques used in China and abroad in the past 100 years, including conventional breeding techniques (domestication
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breeding, cross breeding, mutation breeding, and ploidy breeding) and genetic engineering breeding techniques
(transgenic and molecular design breeding). We also discuss the gene editing methods developed in recent years.
We describe the achievements made using various breeding techniques, as well as their problems. We also outline
the following prospects for future research: 1) In-depth exploration of natural forage resources and strengthening of
the collection and utilization of germplasm resources. 2) Advancing the objectives for the breeding of forage species
to meet the demands of farmers and livestock producers, paying attention to the improvement of forage quality, the
production of disease-resistant and stress-tolerant varieties, and the development of the “productional-living-
ecological” function of forage. 3) Combining conventional and modern breeding methods to move past the bottleneck
of forage breeding and strengthen the breeding of high-quality forage species, especially Leymus chinensis and
Medicago sativa. The aims of this review are to promote the new era of biological breeding in China and to provide a
basis for the innovation of forage germplasm resources and the selection of new, high-quality forage varieties. The
overall aims in this field of research are to provide new technologies for the establishment of high-quality and high-
productive cultivated grassland, and to meet the growing demand for forage to feed farmed animals in China.

Key words: Leymus chinensis; Medicago sativa; germplasm resources; molecular breeding; mutation breeding;

cell engineering
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Variety Approval Committee from 1987 to 2022 in China

25 Ko (& 1) Yyl o ()

TE PR I 2 AN AT i/ B PR TS N AR 22 A A Type Quantity Species Quantity
PRIEFE TR A B PR AEE e R . BRI PR AR Ry 2l (proportion) (proportion)
AEFTRAGRT . ENHATALER &R AR 251(37.58%) ARAF Poaceae 121(48.2%)
BRGS0, AL b s ik, bt e s 06 00
IR 23 5 Ry SUAR G AL T AR A L AUR T AT ek WP A A SR 159(23.81%)  RAEL Poaceae 82(51.6%)
4R B IRRMBE T FEE—EE LS 7 Wild culture H#} Fabaceae 37(23.3%)
Wi T (Pisum sativum) 5 5 hHi 10 2 R4 2 variety HAb R} Other families  40(25.1%)
BB SRR R T R R H AR R A A T 5|k it A 191(28.59%) ARAF} Poaceae 99(51.8%)
Introduced HFl Fabaceae 71(37.2%)

R RIS 5 R S R 0 B RO AT LR variety Fofl B} Other families 21(11. 0%)
B LT AR IR A R TR AR eram w0 ) R 1505000
PVBETEAHET & & T 0 5 AL T 3 AL B0 AE W ot F R Local variety T F} Fabaceae 39(58.2%)
A BT A A 0 B8 DA DA 5% SRR Oher feniles T 07)

%B%Z%‘Flzﬂfﬁ(ﬂy‘blium repens) 3 B A bk T B O VR ARl A R B R OBl AR T R R R S AR A A

1987 —2022 4,

%éﬁﬁﬁ ‘{%%q&ﬁﬁ}&%%lﬁjﬂ ’Eﬁﬁgﬁ E]/:J *ILL:'?:‘ N Note: Data source: Announcement of new forage varieties 1987 —2022
PrIE PR e [l B — b R I A BRI R by the Ministry of Agriculture and Villages and the State Forestry and
Ji ¥k B 1R I AR SR AR R 2 S8 R AR AT S A Y Steppe Bureau.
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Table 2 Hybrid breeding techniques and varieties of forage at home and abroad
N ARG e EEl AT AT
Hybridization Parental combination Advantage Cultivated varieties/
method strains
1E /R3S PSR G N AR 458 . The RO B 0 AN ) SR A AR 2 S 45 TS o To clarify the  SEAEETE SYIRE B4 22414 -
Reciprocal two varieties/materials were crossed  combining ability of different parent individuals and hybrid combi- Medicago falcata cv. Hulunbeier
cross with each other. nations'*’. &. M. sativa cv. AC Caribou™" .
ERATSE  ZARXAGR—BARIAE, Multi- AR I3RS 24 B A IR A JE AR, 4 B Rl 2 s s g 2 P2 5L E N . M. sativa

Multi-parent

ple male parents crossed with the

&, %5 TPk . The mixed progenies of multiple single cross

cv. Tumu No. 2.

crossover same female parent. combinations can be obtained, and the separated species are
more abundant than single crossing, which is beneficial to selec-
tion at the same time.
EST S WA DL ESRAR G 2452 . Mixed — R MESAT Z A G WIS I LG st he i 2 HAR RS, 2 250, &5
Polycross crossing of more than two parents. ASEARML R AR EE R E]— 4518, The combining ability EEfE WP, Gannong series,
and genetic characteristics of multi-hybrid combinations were ob-  Zhonglan series, Zhongmu series
tained at one time, and the excellent characters of multiple par- and other alfalfa varieties ',
ents were integrated into one progeny'**/.
ST 5 AR JRECREG R R ITROR ARG B, RO BOR A Ze M LS LRSI T MR 1S E R RE R AR
Distant hy- YERAAEHEA T 3, Different spe-  Tfi. Break apartheid and show strong heterosis, especially in 34N E#E fh . Nannong No. 1
bridization cies, genera or more closely related stress resistance. fescue ryegrass' ?* and three alfalfa
species interbreed as hybrid parents. varieties of Longmu series'™.
[HE ARG WA EARZ kA fE4iG e & SR 7m0 T A58 JF B R B e Caliyerde  Saranac Iroguois il
Backcross A% The hybrid offspring crossed JUR RS ARYAT 5 SR A () AL AL . Ttis better Apalacheem $L1E B 75 fh Fh . Re-
again with one of its two parents. than self-crossing in the breeding process of homozygous varieties, — sistant alfalfa varieties of Cali-
and because of its nuclear replacement theory, its offspring basical- yerde, Saranac, Iroguois and
ly have all the nuclear gene composition of recurrent parents. Apalacheem™.
MEPERE R LI BRI E RN BEARYS 35T S BB AL K T 2 52l B, 5200 R 2RI 3, 3% Hybriforce-620 1 & i il 5 % 55 1
AL BA WA MR R Y IE AR TR I R X 2 3 i AR R AR B R 5 A IR, Suitable for 5 R FHEE 4 . Hybriforee-620 al-

Male sterile
line hybridiza-

tion

%% - Heritable male sterile lines as fe-

male parents crossed with normal male

parents with restoring fertility genes.

field hybrid seed production of cross-pollinated plants, making
full use of heterosis, making up for the difficulties of castration

and low efficiency of hybrid seed acquisition, low cost.

falfa :35]; Shucao No. 1 S. bicol-

. 36]
orX S. bicolor var. sudanense"™ .

3 FTE

7%
¥ ifi

AR TE AN AR T M B b2 2 R R A Y A" AR AR PR i A2 S, JF i ad N T e % 4

.
SE, HE TR E R R SR R A9 & R O U, B AR R 41 U HL A (Food and Agriculture Organization/
International Atomic Energy Agency, FAO/TAEA) f5 #7 48 1 28 28 848 P vh & %540 1 3405 N5 A8 A8 4 it B, 0
dn A 324 (http://mvgs. iaca. org/) . HAE M S AEM R L1 [ & R AR E @ U £, BRI 1A L 45 R AR SE N 7=k
SRR A Y BCE ] — w5 R ME LAAR A5 i R 2 A R AR A L AT Dy R AR 5 B 0 R An AL Rk i i R
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FBUWAR R ARYE A [] ( 5 28 U AT A 43 o ) B 5 AR RN AL 5 AR
3.1 HEFEFA

Yy A B AR LU S TR S 1 G ) B S SR R R R A A B R R EOR AL A A G R R s
B, WA EFMC BAEKMD S, FAE 20 4 20 4E 48, Muller 55 51 & 3L T A X 146 0T LUS 5 AL 08 | £ oK
(Zea mays ) F1 K 2 (Hordeum vulgare) & " 5878 FR 5T IR 22 Fh 24, A HL BS54 55 10 “Co-y BT 48 Lo i 2k B I 2 FI
JF B AR S A0 5 AN RN X TR O, BB AOR S A AL 0 C ON L Ne 55 IR T R SR AR S
BT IRAN TR , 5 AR RCR AR, Horp P Co-y L AEBCRF Fh 2 b W e 22 (3R 3) , 7B MI AR 55 vy HL R A8 J5 o) AN g, ]
[ B 75 5 22 A Al g A p MR 9 AR i B RO AR Y O M A LE Co-y S5 HL BT R REHR O B (R AR
RS A= 125 R0O0E 8 A5 3 i A8 2800 /N ST 34 98 708 8RR Ay, AT LA TE AN B2 i) JE Al {114 ) s A 20l 3R A i —
A B AR MR B N B (9 48 55 AR AT 2 A B R ALY T 45 RN AR 3 R0 2 48 ) F O A5 AT 20RE A A T 4 203
S [A], 7655 A 9 AR O GO ) A s SR R P AR R A st AL PR AR AR S L R [l JE 2 T N R R, R
Ao B F R E LR F (R

Py BT AR R B A T TR AEY BB &S —E UR B A A 20 22 70 4R AR
WX R AR B (Eremochloa ophiuroides) Flf) 4 #3 (Cynodon dactylon) FFHE 4T T 5 S5 5, & B & 75 42
AT LA AR R R RORI R e e 3 AR A AR R AR R S A LR AR R R
SRR R E R T HA LR 2P0 EE A ER L R 0 R, SR E A A N R R A AR R E
S e (/P b U (BN il S I DA S N =l O 81 R ¢l |11 R7 0 = T N B S 7 S AR (Y (/R
SEH MY W IR E AR EEFMCEAE R, ORI E TR R R R R
(%3).
3.2 FFEFA

27375 70 B RO LA AL 27155 8 500 S i A8 U 00 7 R O 2, D3 AR W R R AL A 2 A 1Y)y R AN E 1] 11 Bl AL 7 A
GEAR A, PR A ) e IR T BRI R, B AR R R AR R AT B 20 2 SO AEAUE L fb i AR R R 5
& T AATEE L, Nilan 55 F 1962 4 F 61 iR — £ 1 (diethyl sulfate, DES) 4k B , 6 20 A0 7 fk MobR 4 A=
SR BRAS T RRAT U AR R R R . H R 094k A 38 R R LA B A R S E AL A Y AR S )
4 FH L 2 £ (ethyl methylsulfone , EMS) , & &L @1 (sodium azide, NaN,) F1°F-BH % % (pingyangmycin, PYM )
TEARAEY) & Fhoh 45 2038 6 0, Horh EMS PR 5 AR B3 w835 T 4 7 2 F T A ) 1) 5 78 A 26 A A AR
RGN E E IR T — @ s BOK AR AR A2 528 R — B, £ TR & R, S IR 2k
BT T3 BE A ARLAEL B 1 R X A /0N 19 Y NG S A5 A R R e S B R R O A
3.3 HEFMAZENOY R E

M\ H BT B SE TR DU L B T AN R B  S UE A [R] A 35 AR A R R A S ) A 2 5 e 28 AR ROR AR HE AN R )
o 4 496 36 L 100 75 78 B R ARG R 7 7 v B R SRR SRAS A R AR AR SCHE L AR R A AR ) Y
BRAR A 2% 45 TO Mk BB 2 AR DAL Al B (T 5 5 DR A N 58 78 A S T U 5 O A O i Bl
P2 A8 5 578 ) e IR AN B 2 AR O 3 R 1 R R S B, S BT S B HE AR Y S AR A, i DL H T 2 BT 5 AR 3K
BT Ry b o o [ B AS W7 M A 5 R B, B — 1 15 A8 R0 il FH A5 B 04 7 AR SR AN 0 AR T SR A T Ak
VEAR T B Al S04 AE B R 5 A B R AR AR S &, T A B AN SO AN L R AR B R 5 H At
Ty & W4 w52 & AN RCR 0 22y 1), Gk RS R 5B R ARG & BB HE — 2D 4R R R AR R A
BRI AR TIZ Y AR S TE A LK T B BEAT 07 U8 S, DT A A O (A 00 28 S AN AR R R G Ak R R 4
BRI 8 R 7 © AR AR B 0 R AR R SR 0 A A R S AR A (3R 3) L ey A N7 S R KA B
FER F I8 SRR AN (6] P ) R PR — 2D 9T o e Ah 280 3 AR5 A8 R0 RT S A0 M 4H 2 8 Y S A A RHFE ML AR H
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Table 3 Application of mutagenesis technique in forage breeding

A REUATT 28728 MR TC B B 0 38 4% 2 ML AR, ML FITEE o AR A J2 A 5 9 8 s i 5% A%
PR B S BEEIRE 49, B 010 A 0 7 i A U SR AR, B AL A B AL A SR AR A 30 5 4 B 8 B R S ST T Y 1 K R

7

VA VAL IR v T i A
Mutagenic Mutagenic source Application Characteristic
technology
PFLFEAE YCo-y 4k “Co-y-rays E AR GEAETETT I A E , WA RO R B — Ak 4R
Physical M. sativa™', L. chi- YUY TS 2 2 38 AN SERTPE . The muta-

mutagenesis

e F Fast neutrons
B F 3 A Ton beam implantation

FH 1Y 5 5 Cosmic radiation

nensis™, et al.

6L chinensis™
LI TE M. sativa™
LI M. sativa™’

tion spectrum is wide and the direction is uncer-
tain, which can effectively improve the single
character, improve the stress resistance and

break the distant cross incompatibility.

fe2EEAE HIEETR 2B Ethyl methylsulfone(EMS) GRAEK RET ., & DNA S5 BCR e SR H SRR
Chemical XX Bromus ciliates, Mel- T332 578870 . DNA point mutation can be in-
mutagenesis ilotoides ruthenicus™™',  duced with high efficiency and easy operation,

2 — £, T Diethyl sulfate(DES)

. . [62
L. chinensis®

K& H. vulgare™

but there are few mutagens with high efficiency

and low toxicity.

& AL Sodium azide(NaN,) ML Secale cereale™
BIAEAE - 414U 5 Salt stress+-plant tissue culture B2 Festuca elatd ™ 3855875 38 W72 43 8 4t Al o 45 60 75 A
Compound  NaN,+#hWf+4H4 U3 NaN,+ salt stress+ plant tissue culture 461 % M. sariva™ . Increase the mutation rate, change the sepa-

mutagenesis  “Coy 545 + H IR 2 1% “°Co-y-rays+EMS ration and purification speed and shorten the

11 # 5 Lathyrus quin-
quenervius* breeding cycle.
e+ R Wi+ 414185 3% Fast neutrons + salt stress+plant
tissue culture ifolia"™"

BRI+ 2SN+ 2L /B0 + 214U 5 NaN,+ UV +salt/  EFEE T M. sativd ™

dry stress+plant tissue culture

21 535 Onobrychis vici-

4 fFHEFH

T A5V RO AR Y B Fh 0 TSNS S 8 e € A A5 RO A A A S AR R R A A A S N IR H
B R ECE B AR R R E RO S R T R TR RO T e SRR IR REYE
P BB, T B AEE AR R 2 A5 T R, 25 AL EE [F R 2 A5 R = A5 i, v PR AR R R O R S 4R
HATRE E G R AR IR A9 205 0 B i 7 R0 R A 3T 32 B )iz K TE .
4.1 FAEHRF A

AR E FOZHE R AR RSN TS A7 075 H B A B R A% B B 08 1E B K AR bk |
[DERrS =N Nk e A=k ) CINTRE i OR= UiEs 3 NI s B N il OR =i S NI B2 oA R = | R | A e R
T TR R 2 BN 2 5 AR S AL BB AR L HL45 SRR A8 G2 I 2% 28 B Pl il 2% 28 2 AR HOR o 19 22 38 R 52
i 16 5 1€ A B SRAS 4G M IR 52 B AL AR XEAR S 40 G A, (H 38 o 1% 7 R AR R 0 1 % Ak LS T R A XA
PRI AR, U 2 2 AR e )l T AR A5 4l 45 %, R 05 5 e 07 B 80% AR R B IR BR UG 22 A, R AR A X T
JIR JIE 25 2 58 0 S5 e BAT — 8 WAk, OF B 5578 HR AR 254 7T LR 75 28 IR Th 38 578 I 1 SR AR e 45 oy B 9
HE N 14 28 A5 2 AU | 6 4% 76 530 Bl 07 2 114 0k, e 480 R ik 7 ELAT TR AR (S

O A 58 K BUAE AR S50 R — S5 9 T DL B R B UG R, 4025 2208 (Brassica) RE W) RV 8 5707 0F AL
I3 W)L BT LA SR OSCERAT A, (AR RS DR 158 A AR A A ] AR ARG, ik LLORAF AN T & B, 5 20
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N A7 S AR ke $ 8 SRR AR R AR R AR 24 (A K ) /N8 35 3% CORME A2 50 ) VR 2R B8R 32 48 1 D 335 3% (AIOME A2
BH ) LSk A A8 VE IR B B A S 250 5 SR B 2k SR . BT R e TE MR L AR AN TS SR E R
TR A BRI AR R PR 5140z (0 PIOME A IR A i k0 2% A% 58 55y SR 2 B A ) A B Al
R R R RS IR, 7 R A8, T 3 S AT A ) R PN 7 B A SR DT A 4 i RN ML A B B AR T A i O ik AR
B, BRI E N E T B NE (Triticum aestivum )% 2R P R0 S iz 38 G965 57 A S0 PR R Bk 10
DA B DR B 22 A TR IR S DR 7, T Sy f] R R A S AR R R AR G
4.2 SAEHRF A

ZAGIRE R ORIE MY A AR T RN TS5, 8 o 32 78 ol 40 i 24 55 e 0 e B 24 DL R AR e fa iRk 4
R E R E, — RIS EE R DU rkm . 24500 B G808 5 ik — S8 A8 4 P A 1 KA [R] 5 B I 2
FeACA R FNPE RN B Ve W TV & A b A% B2 2 AR MR (H 43355 5 3R 15 19 2 A KA A8 A 108 TR R A AN
B A, DRI 22 AR RIS T RARR S FR RO 0 JC M A Y R R AR AR R BT A AR A
T 2R R A s Y fLE RSN TR R IRE T 2 R AR WA A R AL (5 A ) 2 R
Iy — A M E R TH, il 1 32 g A — AR i 5 S0 R W0 5 DR PR e A L 8 M A PR R AV B I L, R 7 R
TAERHELLBE E T SR

Wy B 5 A A TR B VAR LA A 1 | F A O A S G A A 5 Ak T R R BOR AN L R A 2
AL AT R 0 5 2 AR W R QR ) R A i 2 S8 S A R A A I AN T TR R A 22 i DR B R T R L
(49 5 A i DR T 428 10 0 P AR D T R A A R A 7 o AN [D it el o 0 g i) 6% D 2 BT AR RT DA R A il T S A % A 58
ANGE RN AR R AT LA SR [ 2 R 0 ) A2 A S A A B e A B S L ) A A R 2 58 O vk e R
Z, — T (polyethylene glycol, PEG) il & ik , L A A1 5 SRS 3 Z A kg ) i . sl G o X 28
X FR R AN TR il 0T D A AR A H ek R A R I A T A R 1 R A TR X R R T K S
A Z— (B A A% Rl RO B B N A5 D) — SR ARG, Pk F A A AR T A R R R A R SR 4 i R
] Rl A 2 R T 2% R A0 A G S R o e ) i s T A 4 B 2% R BR A9 0 B PE L B RTFE R BOR (Poa
annua) FUEAEE T8 SE PR h A 2] T RS o A ARG R 2 N TS, 2 A% 7R Bk 5 2503 76 B ] FLRR 9 7K
b AT B R 2 S, O A A o A R R R TR K, S A B PR A s A AR e R IR 2 AR R R SR
[F]

5 ERIEEM

L TREE MO T AKE EARIC 4@ H B DNA 7 F 950 8 H 5 21 5 A 32 0 41 it ol 78 56 R 20 7K OF G
i DNA Jy 1) , (i A8 4y 382 4% 7 PE A5 218 1 5l ok A48 6 355 B8 s A & Aoy X, R 235 0 Fhnic i Bhik 5 F fh 5%
EHAFMMER B TR, 5E5 T R ICER M ) 3K15 5828 M1 T, 5% 5L & R L 1 4 58 8 R e 0% T ME A =
A g B AR 0y 28748, KO3 = 1 & FRCR T FhOR I, DU PR 35 I8 g i B AR S AR SR A Akl A=
Y E FhEOR TR IT R — R RO B S Ar 0 R Z 7 3 T bR Bl B S R AR AR K B AR ST B R
1 58 B FhE R B 0 5 R BT R BR A b, AT LSRR DI B R A A8 B R 5 F R AR LA R AR b OC B 1Y 1E
FET ) AR, I HLAT LUAR 98 5728 A1ORE Y 28 BY MR RAR 10 R 3 H A0 368 PR J2 7 5k DR 7R 5 K] s 8 R 1 L it o
5.1 o FAitiishie g A

02 i A7 TR i i) BT € = D (= [ 0111 s e R U RO T o8 /NN B i B i e € NN i xSt i & S = 5 2 N
F B 5> Fhric £ AR A BRI UG B B K 2 238 M (restriction fragment length polymorphism, RFLP) 9744 Bt
£ B Z 5 M (amplified fragment length polymorphism, AFLP) | fi #.5 & ¢ ¥ 5 ic (simple sequence repeats, SSR)
A% 4 1R £ 25 1 (single nucleotide polymorphism, SNP) & 4 5%f F 48 — 03 F 7 F 425 19 RFLP #ric , 3 F
PCR [ SSR AR IC KAk 2> 7 35 R 43 Y %) 2% AN IS (], 1 SNP ARC e SE A Hp B S5 R0, B8 20 2 Mo p R
Y SNP BRI HETF & R 0 #1851 A% 3 B R AT A 4 T R BE e T IR ST SRR, BT
A3 A 0 TR B AR R R BT U A R S A R S R B O T 4 B — o W R, AT DU B PR Y
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Y AN A R Z ) DNA 28 S5, X435 98 001 S0 W R 5 i) 3t % B 86, O EL X 770 5 R 7 o 4 st 4% 0 IR 1
AR B0 PR S B PR R 3R R S S TR A8 2 v (8 MR R 2 A B R A R i PR 0 e B BA W E AR L R
TR R AR R AR PR ROR

Gy FARICER T AE G RS E T AR R OGRS S R L R MR R A U8 S E R R R R R R TR
Bl A OC Y — 20 R S AR B RS DT 1] o (B TR 2O 2 AR A 2 AR IR R G R AR ) B B8R Y a5t
FEAS S B IR 8t 1 JE Rl %) A2 4% M AN R bR Rk PR B (quantitative trait locus, QTL) %2 2 A9 BR il P , S 2 A
O F AR 0 AE 55 S 1254 22 A O DR o 0 50 R o R e i R 32 B0 2 R B MR S e R 0 E AR
JE A 48 FURE L 19 43 F AR IE AR B ™ MiBE G 2 T AE W AR A Y5 B R & R, il il 7 H R A
N IF Hota o835, e sk 21 2 AR 27 B 12 2 RO A% 21 27 S5 R DR 21 2 s T A TE R B B A SRR
16 R R W8 3E (Dactylis glomerata) % 18 M R EAT T & 3L AL " 6 4y FAric FEHE M AR 5 Z %5
At A 5 DR 2 G IR 73 BT 7 B e PR L 00 4 i DR 2 00 7 25 RH 45, H T 22 7 B0 A L OR A8 2 R i
U T T 5 T R P R A A 2R AR DG Y B R B, S0 T 00 R IR A 4 R D A PR S A S R LR
JREERY LR TR H Fh TAESEE 1 kAt .
5.2 HERFA

e H AL A B AR N R R AN RS DR A E B A0 B8 A A A v e HC BB A% B E M R A T s % L (AR )
PEAR e Az ok AR 1 T 85 B8 o Rl A — R E A Oy 2 DR PR BB 08 v I PR A g i BRI SR AT R S 0 2 AR A 1 ]
B R o 1985 4%, Vasil 76 B bR 75 2% K2y b Y8 R FH 388 4% 5% A B AR AR5 00 e o i DR A BCRE I AT AT
P Ry I FH 2 B DR R el BRSBTS . B S AN B O &k E SRR SR T R T K B SE O L 7E
W R L DR R 5 T A W O R R TR S T IR L AR 20 T w0t © R L MY P R 2 46 DR 2 R (Lolium
multiflorum) % PR AL FEACR R JF 12 RS W B B T BOAL S R AP A Sk R L R &
Wi & W (PEG) At S5 55 AT T 0T 16 R R DR AR ok DR 52 R 17 B0 3 JH T 0 0 3t A el Mk e S A 3w ) iz file
FHS . ERG, BN ARG 35 R 32 AR rp A B s B M AR R O T T, AR ) L AR B B A
R ORI AR A (R 4) , FRIERIE T AE KR L | 2 AR A PR A R AR R ) 3 AL B T AR R AR R
T B MiF 28I PUEBOT S R O A #Bor fh R 2t B e 58 1 nT ™ R Sk H A A % 56 R B R B 4k
R ity o 3 i A R OE

F4 ERIREMERERETHHNEA

Table 4 Application of genetic engineering breeding technology in forage breeding

JER TR N 275 SCHK
Genetic engineering technology Application References
53 Fric %l B £ 5 Fl Molecular W A O R G IR | b (X 40 %5 42 Differentiation and identification of wild for- AR CEIETE C. dacty-
mark assisted breeding age germplasm resources and varieties lon ™', M. Sativa "™

SR IR | 58 708 AR 7 1 % 5 Screening and identification of mutant characters B& S, cereale

and mutant plants

5L R 2 2 45 4 00 AT B M SE R 4298 Target gene mining in combination with ge-  HBAEZ R EAEETE S, cere-

nomics ale ™, M. sativa "

5 5L R F b Transgenic breeding LB %5 Herbicide resistance TS M. sativa
YL Disease resistance BEEF. elata
i} £ Salt resistance BT M. sativa
U2 Drought resistance B KR Lozus corniculatus '™
fIRA i F Low lignin WL S. cereale "

JE[K 4t 4 5 Ff Gene editing breeding & A& % , HT 5 Low lignin, drought resistance EWE M. sativa '
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5.3 LAHmBEHA

FE DK Gt B DR G H bR S R AT g R, 6 R e DNA R BEE AT i B A A SR 3 A2 48k DA T e AR A A IR 1
— T B MR . 5 KAR L, B g iR H R R AEAE Y A B AR R AT AR AN R A
AT AE A P AR P S2 BGT 35 DR A A B R IR T R R ) o0, Ok T A A R e R R R L O LR T X ) b A AR
Ve B AR R R AR SR O B B R bR T ) 1 R R DR A 2R R AR Ay T RO A AN BERE . HATAS
AR EE A A 4 4B £ R CRISPR &G 12 [l FH , © A WF 50K 5 8 G B B R G2 FHZEAE ) fgi S & Fh 2 o, an K e
(Oryza sativa) \ K 5.(Glycine max ) F1 3% Hi (Solanum lycopersicum )2 o 5 H Wi 7E BB A, bR B 16 R 22 WA
5 i UK (Agropyron mongolicum ) %5 JLAN ] 50 R Ak A H0R Hh afR AA AH G HRE
6 RE

gi BRIk, A AMBORE R AR A B I DT S, B R R A AR AN W R VR, ek T B A T A Ui 4R 9 Ak
RN A S 0o o B AR 1 O ) A TR AR GRE A AR A [ R B K SR R ANk H T R IR B 4L
il RS B A N AR SR LA TR D H 2R B R R OR, B R IUAE KR A [ AR PO B IR A AN 7 4
TEF H AR —F1F BT R AR B8 AS B S5 T T, A Sk g sUn 58 LR JLAS 7 A A Y .
6.1 EANZEAE A RFTR, iR R ROKES AN

F 1 B b O U R R A ) 6704 R, SR 246 B 15458 . CUCER AR 107 FL 692 & 2105 F
Hrp GRVRIR AR Y 2, 4000 1231 RN 1127 F0 T a4k, [ 4R w0 8 5 T I 1, 3% 1 B i 4i o
R PRATAC IR R T 5 MR AT 3 R v U A7 T 8t A 22 R P B 1 DRI ol 0 5 8 P A7 118 o J5 8 A X e A
TR SCAR 1 R s, 3R R AR 2 2016 4R 1. 6 07 2 00 Bl BT BT IR BEAT 1 Be i M N G BRE OC 9 4R 2 AR DEAN B %
A EEE P IR L = (Trifolium pratense) FIAT e BE 45 46 15 45 % 00 5 Fh B 553 1 , SR 1 HUXF 2940 1 A0 5
GEURHEAT T AL PR X B0 G IR A AL T B TR, R B A R R BT AN S R SR ARG, X R AR
Rl BT T AL £ 425 4 R AR A R I
6.2 DAEXAFE,FEREHBALT B AT

WO R Pt R AR TR EE RO A E ST ) E S, 2000 — 2020 4R FE R E © B R R S R b, B P gE
dn A A3 A TR SR SRR 50 A T R SRR 224 TR A AR O BUR R E AP SIS B2 TR FMMIBELE
P RO R R AR TR O A, LR K AR T S5 R A R DX S8 25 BT LR R BE Y O T A
B 7 A T AT A v A A L R R ) S A L EVERE ), R 1 R B o T 5 AR R A W e 3 e A AR
B3R [ H Ao ik i B OK 22 T A R R, B 58 B P B BORE S Rl D Rk T 5 RO DA X A58
Z2HCBCR AR T 11 X RE 8 R 22 X I L 22 T RE PR T R B R SRR AL
6.3 AEITRMEFTMHFHARGHARL, RHAEFTHMA, MBEAREFEREZFHRAGLTE

AT 38 2k R A A R TS DA I AR R R LR AR S R AR A A ) R A R BEL A T FR I 4
FEHMAIEE TAEMAE., FREGIANEREZ B AEASENE, BAERME &SP TS R R, A
FRLEIRAL AR AR R R AR A R R ) 7SR R AR A R A A K A BRI T F A RO R B AT
IR 38 2o A B O SR R AR A 214 AR 2 SR e A B R AR K R RIS T iR 2
S AE VR B N AMPCRE T R B A OGN B, A T AR WD A4 [a) 0, A& 202048, FRE B A E B AR R 11249,
FE 2015 4F —AFE N EHIE T 1924, 53R E T 304F 19 S M ACE B2, SR R S IR E B 0K B A R R BE
VR S SR TTBOR 9 2 A5 A 2 G U 10 R P R R TR 1) 22 A0k 5 2 A0 A LA 205 ORI FH 1L %) 0 R 1 A 4 3
AR AR R MR A A ] 0PIk T B R PR A 5 B AR A5 ROME T T AR R AN T & Y S TR R
PRAN T H B R B A I AR e G B R 4 B TR 4 S B BT TTBE T EE A N SR AR A RS R R 4
Pt 55 35 R U, 8 2R TR 7K T 1 58 A8 5 5 R KT 19 2 78 A S R S 37 58 A8 1 R FH 7 i R R 5 R 44 i R R AT L R K R
I Bk e A R DR Y i B, T ARG S F A AR b B B 2R N OB SRR SRR . AN FER BRI B R
Hh s gk 1 O T I R R IR R 4 0 R A i S O i R AT DR R R AR S 1k B A A 3~ 9 4R, TR KR R R
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RHOR HA G ERTE B B R PR 800 o R, b g o A i 25 B PR IR 2R, S M IR 20 8 A 03 7 00T
ol B L 590, 4 R 4 ) i 11 ol b ) B0 A A 0 g A, g 5 B I J e ™ N T S A B S, A
e [ 7 Holloos 1 PR 4 38 0 A9 5 SR SR I B R S H8E .
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