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Plant Regeneration and Genetic Transformation in Wheatgrass
(Agropyron cristatum x A.desertorum cv. ‘Mengnong’ )
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('College of Agronomy, Inner Mongolia Agricultural University, Hokhot 010018;* College of Ecology and Enviroment, Inner Mongolia
Agricultural University, Hohhot 010018;*Beijing Agro-Biotechnology Research Center, Beijing Academy of
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Abstract: Plant regeneration from immature inflorescence through direct callus induction was investigated in the case
of a hybrid wheatgrass (A. cristatum X A. desertorum cv.‘Mengnong’). Explants were directly cultured on advanced
MS solid medium containning 2.0-3.0 mg-L" of 2,4-D to induce calli and then transferred to hormone-free MS medium for
callus differentiation and 1/2 MS medium for rooting. It was found that the callus induction frequency was 83.4% and plant
regeneration frequency was 59.6%. Phosphinothricin acetyltransferase (bar) gene was transformed into hybrid wheatgrass
by particle bombardment. Upon selection with 0.5 mg-L glufosinate, resistant callus were obtained and some transformed
plants recovered in vitro. The transgenic wheatgrasses were identified by PCR and Southern analysis of digested genomic
DNA, and they could develop normally in the medium containing glufosinate while the untransgenic plants could not. This

is the first report on genetic transformation in wheatgrass.
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B TRERMGEER, HEkgR, &%
BHER, KEMER, EHTHE, EFREE, G0
HiF, RELTRELTRBXSREZURETA
TEMMASERNEERABBEL —.
AMRKERFRR, HEEMRKKESR
i, BEEESFKEMRRREES BHNEA L,
FFRE T UK EEE TR . LIKER T L AFrRE
eFh—FRRFKE bR, B T KA,
FEEMKRER, RIKERERLER,

1 #RERE

L1 R

L1 KEREY AREERNKEMER RS
BIE Ak RIEKE (A cristatum cv. Fairway,
2n=28) FRARVUZEIEIKE (A desertorum,
2n=28) FhIAIZLATE AN, 1984 4 3 [E USDA-ARS
M ECHEN, AERAR R RENEBTIA,
22 WBHREEN LRBEEFET 1999 22 EK
BELMEEERALEE, BB, GEh
“ZEA IuThIK B (A cristatum x A. desertorum
cv. “‘Mengnong’, 2n = 28)., RBMEHETHRERS
Folb KM AR ER, EKARN 2~5F.
1.1.2 SMEfk WKELSHE (REHD.

1.1.3 EHFK pBPI (& barEH).

1.1.4 i&F E§3 (TaKaRa), Glufosinate (FLUKAD,
DIG High Prime DNA Labeling and Detection
Starter Kit II (Roche).

1.1.5 REPE# PDS-1000/He (Bio-Rad).

1.2 A&

1.2.1 RGALKNES WEEHCY98E, T8
BANLERMABEE (CA) 2 mg L HIBAAMS B 57 5
t, 4CTFHESRS~T7 dERHBELHE, 75% EHEHEE
30s, HA0.1% HeCl,## 2~4nin, RFHTE
B7K MYE K . VIR 2~3 mm/NBY, BERREASIF X
{4 5 S FR HE MS FBUR MS o, F4 5 B n
0.5~5.0mgL"2,4-D, EEEE30 mgL", EfEO. 7%,
pH5.8. T 24~26CEEREFR T~14d )5, MEAH
ALATREFENRE (R .

R MS EAEFRED: KBTE NHNO, 956
mg-L?, KH,PO, 1160 mg-L?, MgSO, 7 H0 370 mg:
L, CaCl,2H0 96 mg-L"; FHTHK: HIBE0.1gL7,
VB, 2mgL?, M 1mgl™, VB, 0.5mgL7, HE®B
2 mg-L!, MS EMEkLMMETE.

1.2.2 FENMUEKEKREE B ERRGAREA
IR FRE . ISR EE A MS BEFREE R IS [RIVR B
#IKT (0. 1.0, 3.0, 5.0, 10.0 mg-.L™") HR
FWERZT (1.0, 3.0, 5.0, 10.0 mg-L™"),
HECEHH—EWREMNAA0. 5. 1.0mg-L™). 26TC
F 24 hefEEESE, ARG RGHAMENR (R
2).

KA /N T N AR B SR EE 1/2MS b (FEHE In
BAY) > 1 AR REEDMERK.
1.2.3 #4hE UBESERANSEAHGHR
hZAK®, L& bar FH K TR DNA B &M T
3, RAZEFEHEGSETEL. EHSEAVEAE
1100 Psi, 4K FIE 5 500 pg, SRIDNA BN
0.8 pg™¥, BHEHAGAREBIHAERE

" EARE RS 3~5 d, RIGFEB EIMS BN Glufosinate

(0.5mgL™) IEFRE b, AMRITFREN 1/2MS
Fthn Glufosinate (0.5 mg-L™).
1.2.4 PCRAEMEEEFEEE LIKE B E R DNA
SRR, BEATHELAE R PCREM . SDS YE/NEHREL
FEIZH DNA; PCRAGHUEIZI 45 BIX LT bar EEEIH
E#FFIG 514D MTWHFES G 519 . 5k
5'-ATTGGATCCATGAGCCCAGAACGACGC-3' 15 '~
CTTGGTACCTAAATCTCGGTGACGGGC-3 o
REN&MH: 95°C, 7 min; 94°C, 1 min;
55°C, 1min; 72°C, 1 min; 72°C, 7min; 35 MEH.
1.2.5 Southern M EFEMM R CTABEKE
BRI L A R FE R 40 DNADS 19, £ EcoRI 58
24k, 5 DIGHRICH bar BEHRET AT, Kl
AR 2 R 45 DNA F0BURL 23 1 A B R FR A TR

2 &REHH

2.1 (BAEFHEENK
2.1.1 BEGALNES RREFENRRIFIK
BRGALAFSRNAGASRBIEMAE L.
BRI 7~10 d FEL, MS HEFREMMARWEE
§ 2, 4-D HAESAGAR, BHARRK, B
k28.5%, ARGARSEWIR. BBL: TE
KR MS HEHE L, AHMENEHBALBEFHTH
HEBFNRGAR, FIFERFHIKT6. 6%,
EEFANRBEMS BRERBFRERKE
2.6 gL', 22.5 mmol-L"! (MS } 4.5 g-L"!,
45. 2 mol-L™), KH,PO, KIMRERFE] 1 160 mg-L",
8. 5mmol LT (MS3&3FE 4 170 mg-L?, 1.2 mmol-L) &
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MTEREGARRE. BRMSHIREF 2 4D 2.1.2 REARHML 52 IMEIETERE L 1S
WER 0.5 mg L7 Y, HAFN 4L 1%, WAIME B MS BN FIRE 9 KT A 21, HEEFER—ER
HRAUARY), BREKKRERFAFRA: 2, BHONAA(RD). LEETR, OEMITR KR
ADERBEAEL 0~5. 0mg L' N RARESEER  SREKTHRR T, I DB A TR,
AR, T 8L 3%~86. 192 1A, RERMGALET  HHEEAHEE, PHRG2 % 5K BoA Bt nA:
BREMEER . ANRTHEHE, BE24DKE  KELWRNAL, KB 5~1. 0mgL", 4
FHTYHREASMEFRRGALR, ERIKRE2 4 LRBARE (7. 4% . ONS Fin4 s 5% 71, *
DRAMEIRBALF M. HHBRMS HFREN MR EAE, THIY 4. 4% 254, T H— i
M2, 4D (1.0~5.0mgL™) AIHKASKELE  QGAEL AR, FRES R NAA ARG IR 3
FERBHALR, 2, 4DINRELA2.0~3. 0mg L MR AL (8. 2%) . OFELI BRI US ek,
AF. BUARRBEHATARGE, EEEHERE

1 FREFERRRAMKEHRBGARESOHMA

Table 1 Medium effect on callus initiation from immature inflorescences of Agropyron cristatum x A. desertorum
cv. ‘Mengnong’

B EFSMERE TR % BEEE (%) SHASURR
Medium (mg-L") No. of explants No. of callus produced Callus initiation frequency Callus quality
MS+2, 4-D0. 5 96 23 24.0 PR
MS+2,4-D1.0 96 27 28.1 L7313
MS+2, 4-D2. 0 100 33 33.0 7N
MS+2, 4-D3. 0 98 34 34.7 /N4
MS+2, 4-D4. 0 102 24 23.5 7314
MS+2, 4-D5. 0 101 28 27.7 W
Modified MS+2,4-D0.5 192 79 41.1 B
Modified MS+2,4-D1.0 192 156 81.3 preed
Modified MS+2,4-D2.0 200 167 83.5 B
Modified MS+2, 4-D3.0 196 163 83.2 B
Modified MS+2,4-D4.0 204 172 84.3 B
Modified MS+2,4-D5.0 202 174 86. 1 BE

ORAEFHR. XEFERRE, RARER  R2 FRSAENRRAMKEGNSGAGS LOBN
—ﬁ:ﬂ%?ﬁ?ﬂﬂ%tfzﬁi_f&iﬁ(@2-l, 2), Al Table 2 The effect of different mediums on
— differentiation of callus inftiated from
éﬂgﬂgﬁ;ﬁggg;:g;gf;g;ﬁﬁﬁ%*?ﬁ immature inflorescences of Agropyron cristatum
N -3 733 I%
E2MBEFE, SFMUIEEIX59. 6%, FM TS

x A. desertorum cv. ‘Mengnong’

HRE BRAGH  SNFOS% S %)

%bﬁﬁmﬁmﬁﬂﬂ@ﬁﬁﬁ*yﬁ%, &ﬂﬁ%%fﬁﬂi Medium No.of callus  No.of callus Frequency of
B/%% 2, 4-D E» H&‘E,ﬁt{ﬁ?ﬂ?ﬂi&*iﬁﬁﬁi%ﬁﬂ‘] }:zili‘(’))m cul;:red diffe;entiated differentf;ion %)
RBEEER, MR MK, ARRITES ok 72 0 0
RGAER MR R MS. ;:?oong zz s g‘ 5
2.2 RiEREL HS+1. OKT+0. SNAA 81 4 4.9
220 AR EARRAE R, Dimem w3 L
HEXZRERBEEEEEF (Ubi) IREh, 37 HE  Ws+10.0KT+1. oNAA 98 6 6.1
B Nos 21T, Ly 1, . “o 60
2.2.2 HEPEKKRE ALBPrarBEFER  wses oo 4 4 5.2
Y Clutosinace. ERBHLEFETIA SO0 WL b
0. 5mg-L'{Glufosinate Al ERAM M4V SRE AN MS+3.0ZT+0. 5NAA 67 6 9.0
MS+5. 0ZT+1. ONAA 74 4 5.4
ARMNM. CERRECEOSBRGASER o 0om : -
TREAREFEREPKEEFRI~5dE, BN B 89 53 5.6
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EcoRI BamHI Kém‘ EcoRl

Ubi bar los ori
pBPI

E1 ke8Pl £HAEIE
Fig.1 The construction of plasmid pBPI

40.5mg-L MGlufosinate LR ET HER 2
., BARLALR MR, HEERTEEK
(B2,

2.2.3 FEFEFHEEER PCR A Southern Bl ME
R vk B3 B 40 DNA mh 48 PCR 1948 314 500 bp HI%F
545 (lane 4~7) (B3), 5k pBPI 145 R—

1. BRRGES, 2. BRAGARSL, 3. FAMHE,: 4. HAHAS GERESGlufosinate); 5. HEREK (EFES
Glufosinate): 6. BFAERIXMM (HFEEEF Glufosinate): 7. SIRUSHIE

1.Callus induced: 2.Differentiation induced; 3.Regenerated plant: 4.Callus in medium containing Glufosinate;
5. Transgenic plant in medium containing Glufosinate; 6.%ild plant in medium containing Glufosinate:; 7.The

explants of immature inflorescence

2 RRAMKEBEERREBRER

Fig.2 The plant regeneration and transgenic plant of Agropyron cristatum x A desertorum cv. ‘Mengnong’
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1. DNA 4+ FRARME(DL2000): 2. PAEERTM: 3. BAMEXTR, 4~
7. o R B

1. DNA marker (DL2000); 2.Positive control;
control; 4-7. Transgenic plants

E3 $EEKE PCRAR

Fig.3 PCR analysis of transgenic wheatgrass

3. Negative

F(lane 2) , PAMEAHBEARRIEY ™) (1ane 3D,
VIR bar HRACEE B Z AR AT . pBPI &
i bar BB L3 Ubi BEIFH K& Tl Nos &£ 1ETF
Ah&H 1A EcoRI BYIRLA (B 1). FEcoRI ]

UHESRE bar REMDNA B, KEY
1500 bp. B4 Southern &R BR, ZEEL DNA
% EcoR1 522 W5 DICHRCH bar e %
A {E 244 1 500 bp (lane 3~7), S
pBPI & EcoRl SEATMEF=EMMTLE S FBRRD
HIF (lane 8), TIFAMEXTER (lane 1) WHFII(E
B, RBERCIRETH bar ERKEHK. HEE
RS 0. 5mg L f1Glufosinate 3SR E R IE
FAEK (E2-5), MIEHERFERNEARE
FAEK (E2-6), EEBEBIHEEREDE bar
EEBXE, FIBX Glufosinate HHIE.

2.2.4 HEEEEANBEEHME HClufosinate
T Bk B HARHEATPCREY I, B3t P e R R MK
HRGASR R R ERREELE. RILER
SR AR 43, 9%, PIEREAR L E R 24. T%, T
WAL RN L. 1% R RIS Glufosinate
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ROk B

RYE 3

RIEFRE P LR 32. 5% (EXT TR 2 H
S4E 59. 6%), R Glufosinate WML HEH W,

20kb ==

1.0kb ==
0.75 kb ==

TSI AT R A R R R IR R B
EG

1. DNA 5+ FBAF#E (DL2000); 2. BAMEXM: 3~7. MARERMEEK: 8. AR

1.DNA marker (DL2000); 2.Negative control; 3~7.Transgenic plants; 8.Positive control

4 $EHKE Southern #Mll

Fig.4 Southern analasis of digested total genomic DNA from transgenic wheatgrass probed with DIG labeled

plasmid cDNA

R3 BERELERRAMKEGARGARRRIELE

Table 3 Transformation efficiency(T.E) by microprojectile bombardment in Agropyron cristatum X A. desertorum

cv. ‘Mengnong’

fanaiv) i6vi] Hilkt paatdi) ol Einecitos - TR HibRdR  sMLER  HUERRLGER BRIk
YHLA L HERM No. of resistant 20074 B/A C/A D/A E/A
No.of bombarded No.of resistant No.of differentiated plants (D) No. of calli developing (%) (% % (%
calli(A) calli(B) calli(C) transgenic plant (E)

3512 1543 1143 867 39 43.9 32.5 24.7 1.1
3 itit HEW, BMNTREERREEST, A—H

3.1 WEALUEFBEFRNET

HESEFBAERRNE LR ERE LRI
B E &M RBRE KA R R AR,
FEREANIMEGRE—, M. 8. A,
JRAE AR, RIFAMED 8, XM R s EUA
R, SEZEETRENERAEEN., EERARE
TIRRT LB R RS A SMEASE F B REN
B2, AEEBESER, TFE—PRUTESR
(LS JUR
3.2 KELHTEEM R

FRB UK E SR SME S FHAEA . &
BORE LR EN RN, SRS RFNIERE
REFEFEEN. —LEFIANFEPRFBRE
TE IR/ R T R R A 55 I 4 RS ME B
B, —BORIE RSB TEAT A IS R
BRI, ERREESEMET, SFMBEKH MR
HAR. WAKEHPENEI, ETHEL MY
1.0~2.0 cm B, RIHESIHEA1.0~2.0 cm; T
H I8 2 o 3 R K/ G0 LT AR AE ok
B RemkiEE&E. £ FARSENRERR

M. ABRS, EBHEUGBERD AR, &
KKESHERENEER, AAFNHBA T 1.0~
3.0cmAE, KF3.0cnFEFHALGHRESLE
HBRAARA BEMCTE A FE Z /M E
MAZE NFL 0 enM4hREEN BN 5 ZHmAE
Eh.
3.3 KEMIRER
CHATHEEREAIREBEEFERN TS
FEH: BINAEEEBIARERE, MEEF.
RXF, AENKRHN. SELEREEN—F4ER
RO, ERAGHRRN FED, RFENS
&[1.19,20]’ E*@%aﬁ%%[l 15~17,21]0 ﬁ/_(,\jjﬂ:,
AERERER RIS R RAEREEN, F%
BB A IMEEEST TKEA R FREERR,
FHHBRERGIERER bar A PDS 1 000/He HEHE IS
ATENAFEMRE —EBRFEET ITRIRR
BERRLFVKE, RETHEREK, VISR
TIKEBEHZNER, BERLERL. 1%,
REARKEBEYASIEFRBERROTR
i, 2HEPTEREYSIKEREYRTHIIE
ERHOTE 2, MEKEBEYRE LR R DIR
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B, BEBELKUSNMDSMERRKEALIERE
EHR, MAAERREERENER bar FA
UKEERIFALE R, VKSR R R B E TR %
REE T EM, iR ERARMENEEREL
®’ftz%.
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