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Baby boom (Bbm)F Wuschel2 (Wus2) 2B TFHEBEEAETHN 2 MRBER, ATX 2 TMERNNTERATUERIRES
EMEEREMNER, FARAUZIPIEEERE FTERANZAMBFREBMEENL, KIMWEAR Bom F wus2 I8
RIEATUEZRSEMRER, ENERNERLABTEEANEM, RARFR T —MIELMHBNEN R, THBIER
FIMABEERRETHE, HET 2 TEENNTRA, ERRAZEDBAMNBEGTHRRSEHAN, RNMEFTMUE
To NELINIRGARE Bom F Wus2 BB AN ESERABNMRENE, EEZFRSEMRR(TIIEA 19.5%), &H
REWEBEUNTE T —EMBERENSREREERENER, MRSEVEMIERNBEIRRETHE NI,
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Establishment of genotype-independent high-efficiency transformation system
in maize
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Abstract: The reliance on receptor genotype of genetic transformation made it difficult for the transformation of commercial
maize lines. Expression regulation of two important genes in plant stem cell development, Baby boom (Bbm) and Wuschel2
(Wus2), was revealed to significantly improve transformation efficiency. Several Chinese core maize inbred lines were used as
receptor materials to test the transformation efficiency. Although the overexpression of Bbm and Wus2 could significantly improve
the transformation efficiency, it had a negative impact on the growth and development of T, plants. Here, a new assisted transfor-
mation technology was developed, in which a lethal gene element was added to the assist vector and the spatial expression of the
two genes were regulated. The results revealed that the hybrid transformation of the assist vector and the target vector could not
only successfully obtain high-quality transformation seedlings without Bbm and Wus?2 assist vector in T, generation, but also sig-
nificantly improve the transformation efficiency with an average 19.5%. The application of this improved genotype-independent
genetic transformation system promises maize precise improvement with higher efficiency.
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EK(Zea mays L) BRBEEMEBEERRZEK. TE&
SHREEY, ANtEEKREENEREYT
ZFEY, 20 4D 80 R LART, BEAMRRET
NERNEANENEMEERRMETNEEF
B, MESFEMBEARNRELR, BERFEA
BT ZMATERNEENR, HFRUETEKX
MHIBMED. B 1995 £ R Bl BRRE
FIEXKBt176 FREE WA FEI G, BIEEI2019FF
REEREERZITMERBMRESIAER 7.5410° hm?
(ISAAA, 2019) B,

BEECRAREEREX™ R LML
T, B 1986 FUREAINS MRREE 3T E K
EHAREARFRT SR . Fromm FYRARA
BT EEINMRER pa BEREANTRKERERMKE, B
FHAREBEENKBLEEM; Rhodes FOEHBETE
¥ NPT 11 ERFEANTKFEERE, HEIHIMTTE
Mo BESITERIBERNUENEE R B,
BIZIEMRR B LESE; BE/E Shillito FHRLINMME XK
BERGBELASNEEREN., BHERAR
EEE, (BRAMEMR, REREGREREZEN.
ERARNAREHRSE, BRBET. RIFENSIEC.
EMEEEE"M PEG NEFES M ARYE
FERIBEEATIREMIN, 1989 &, Klein FE R
RABEERBERMNEX, B gus Ml CATEREFENE!
EHXREFMABETR; Gordon-Kamm ZH'BHERE
EEEN gus M par BRA, AREBIEEEINEER
HEREN,. BERERBEZAH 2. BERERS
MR, BXMNARNEEIMNEERSIEN.
DNA B (a8, 1991 5, Gould ZPHIRE RT
BSEXRZRAEEFESITREREX, BEMAK
RMRE; 1996 &, Ishida F'HESBWTH AR
HEEREXERER AI88 WML, HMHEK.
BRRESERM, BUREASTIA 30%, HIANZE
EXRRHENSEERABARENEZERE,
MHEEERE, RTFENTSEEANIIMNEERASZE
EREN, BEREMT, BMBHNMNERIEEEER,
BIEST, AR, FAMENERENEAR, RITE
NEEERNBIAEXRBRERMRPNBERAT
ZHBERAREAR,

EXRZETHEY, HARRITENRATE,
RHENSHNERBERN —BEEEERLEERN
E", FMEREBECRENRZERS, ART
HEK. SAME., EFERSNFKESRNE. =

HREREEARE, RFENTSNEAREHLARE, B
BIERS D EXAERENEAREL LS. EXFP
EEANSZAMEEBRA A8, XM HIll
(A188xB73)%, EfIMNERANEXERESTEEM
B, FRAETAZHERERRESTENEHU
AL Type | BURRH LR, T A188 FZ2(RM R AT A
F=4E Type 11 BUAIHLALAY, Type 11 BURIG AL ZE
MRMHBAER, BEEDCIRRAENEENH BB KA
#RN, RMSEERBEKBNEOERE—EREL
FREI T EAREERTTANNAHEZ.

Baby boom (Bbm)¥] Wuschel2 (Wus2)2EY)T
MRAEASHRHNXBRAZEERF"", Bbm HBEB—
AP2/ERF H#RHEF, EH BT THEHEADHIRESH L
EEEER; wus2 mBEFESESWIZER, 8FE
BEMNEEE THEYFE, 2016 &, MIRTEK
EEMXBEERERASIMARLMBRIA Bom
Wus2 13X 2 D ERE B DU A EM 2%R S E 25%~
50% M, 2017 F, REZEABARENTEIRFES
E, EREBARENENME B73 FRNBRIAX
2ER, BINE B73 MERLRERSR 15% M,
2018 &, MFPFHRENSDHA Zm-PLTPpro M Zm-
Axiglpro B FIREN Bbm F Wus2 BIRIK, [EEXKLD
AE] A2 BB IE SN BB BRI A H KA,
BRMGELESRENREREEZ | MAP, X
MENFNBEERNERESHBRZAERE
IRENFD B A F R R REIR M T — R R0ER

BAER EEZIEEBRIA Bbm T Wus2 AL
REEREBARE, EXMFENARNNDEERZEA
W, AT H—FSERER Bbm ] Wus2 IR E KR
EREAPNNBNE SMEEEXSTEREAN
REBEEN, KARMET 2D Bbm F Wus2 8%
RHEBER, EREEXETERZANEETHE
THBENEBRAKENL, BT —ERMBEREN
BREKBEEMMER, BINREERNIBESTH,
1 MR5F*

1.1 M

111 A4+ 4 EXRERBRACSAMEA
KN55857%1F0 B104, HEIEKRBTERRLE 958
BARGE 58). FAE 998 RA(X923-1), IL3. IL4, R
M o68 BACGR 2HFEERBRRA INI2 EH 61,
1.1.2 #H Ak A= 4 FRASAEER Bbm
Wus2 BRIAEBNE A B RS R(Waxy EEEFRE
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), RIFEIZANZBERTE EHAL05, RITFE
ODgoo BN 0.3,

1.2 A&
1.2.1 %hie3) Eﬁwﬁ% IAB#E 10 d O4NFER
SRR, ATDE 1.5~1.8 mm B9%188 . S FIENEY

MIAMANEE 1.8 mL BFHA 2 mL Z2REBEOEH,
ﬂ&%%*“;@i RTHNREEPREIMAN 1.0 mL RITF
BEW, ME 5 min, HIES $’é1tﬂ’]tt1§ﬂ Bbm ]
Wus2 FIBRIAFBIE M. BREMEN 1!
122 kBB 5fe ki 4%%‘/1:\%%%?3%,%
FRENREEFRE L, HABRBRRERAZRY
RITFEER, T 23CEBHEEFF 1~2 d, BHREK
BEREERED, F28CEEERT7 dE, BE
B 10 mg L' ETBMNTFEERE L, FIRmEsE
F2~3 @, KEWF, BRERSERSEELRR
XERPY, FHMUE HE,
123 Ry BINFEBETLEZN MSO
1EFEET 25°C, 80 umol m s, NEBIEF2E., B
BEHNNEEBEAREFRE L, 25C, 80 umol
m?’s”, HBEFEIER, BIEENNEPER,
—mitllnﬁxizfrfk?iﬂi
1.24 HARMHREZ XM F 12 EX DNA, {#
RE AT Z LS| Y#1T PCR #30, S©3E Bar fEM
M (BAR4-F: 5-GCGGTCTGCACCATCGTCAA-3';
BAR4-R: 5'-AGATCTCGGTGACGGGCAGGAC-3")H]
Bbm/Wus2 ToiEFM(3369-F1: 5'-TGCTCAGATGGG

GTACGAGA-3"; 3369-R1: 5-CAGACACGAGAGG
TTGCAGA-3"), £ EEEREM, S Bbm ] Wus2

BRAWBEMES B EEEREINAZ MR
BiAE SUHMRELEYNE, 23 HEIBRI

FREABE/MEEMARECRNRELR/ER

2 HERE5NHR

2.1 A[EZEEE Bbm F Wus2 BB RIAH BN EE
0 Waxy ERE PR E A2

KRRIZITHEET 3 F Bbm M Wus2 BBR
KB RAD 1 Fh K Waxy BB (Zm00001d045462)
SRELEEFREAR(E 1): (1) pWMDROO1, Bbm F Wus2
MBRAETHES EX Way ERBRTHNESE
1, 2RI Zm-PLTPpro ] Zm-Axiglpro IBoHFIREN
Bbm M Wus2 9RIAR, BEARFRF#EcH Caso HE
K ZmUbi BohFIERIA, sgRNA (sgRNAL:
5"-CGGCATCTACAGGGACGCAAAGG-3"; sgRNA2:
5-CCGTCTTCGTTCTCCATGCTCGT-3 ) EHK ZmU6

BhF Rk, HiEH Bar RKIXE; (2) pWMDRO002,
TRIZE Bom ] Wus2 B RIAHBI B, (NE8 Bbm
M wus2 MBFRATY, T EMEFICHEMTH;
(3) pWMDRO003, TEMILHY Bhm F Wus2 KB RIA T
BEAFMARTEERRATH ., ARBHERER
4 ZFRIABY Photosystem 11 10 kD &) FIRGHEESEM S
B E Barnase EEWIFRIAR, Barnase fmt5—F b
“EEZEEE, AARIINEMY, FTUSHAERNSE
Tk (4) p193412, &7 Cas9 1 sgRNA Z4RiETH
MK Bar&RiX&E, AF5 pWMDRO002 5 pWMDRO003
BREERN.
2.2 Bbm ] Wus2 BBFRIATH Waxy EEBFR
TTHBEESHBANEIRENL

AT Bbm ] wus2 BREATEXETE
RABMCHENZN, AAREEMNE TESHED
R pWMDRO01 FUHEBIR., EXB 58 F 5 BT
BEXRAZTHIUMRIEEEN ﬁuﬁ:iﬂ,,\J:EE%:
Bbm M Wus2 BB RIAS| IR, — R E

RENE), 3dEAMBERENRERE 2-A), 7dEMAIAME
pWMDRO001 |_| pZmAXIG>{ Zm-WUS2| tIN2-1 pZmPLT> Zm—BBM| tT28 | pZmU6 | sgRNA | pZmU6 | sgRNA pZmU]% Cas9 | NOS | 35S Bar PolyA| |
RB LB

pWMDRO002 |_| pZmAXlG>{ Zm—WUS2| IN2-1 | pZmPLT> Zm—BBM| tT28 |_|

RB

LB

pWMDROO03 |_| pPhs-TI 1>{ B-Barnase | NOS | eFMV| €358 | €358 | pZmAx1C> Zm WUsz| tIN2-1 | PZmPLTP |Zm-BBM| tT28 |_|

LB

PolyA | |

p193412 | | pZmU>< ngNA| pZmU>{ ngNA| pZmUB> Cas9

1 HEBAMBERRREETEE

NOS | 355>{ Bar

Fig. 1 Schematic diagram for assist vectors and gene-targeting vectors
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3B & BRI ARIR R (B 2-B), 2R EHIR{FANT
REZHIRIROE(E 2-0), FRINEERFE LS
R E (B 2-D) B REEARBRAZBDEFEEER,
M 6.0%~24.0%A%F, FIIRA 14.0% (K 1), Bbm
M owus2 MBREABNLEZFRS 7T EREMEL
ZARA R KNS5585 1 B104 9551 R, MIIME 7.8%
=2l 18.0%, AM—LEFTERAMN T, NEHIE
HRIEE, W IL3 89 T, ERAVETEER D 2RI i
MR (B 2-E), EEBIAZE] 80.0%A £, #ME Bom
5 Wus? FIHBERIEKERPNAFRZHER, 586
Bbm M Wus2 8FRIATTHAIEHEBIE R pWMDRO01 18
tb, SRAARE Bbm F Wus2 TTHERIEK p193412 3#
TEEEAMNRA, X8 KN5585 1 B104 a] A4
PR, ARSI 10.5%F 5.0%, EFFE

BIREER NG 20.0%), R2AREFNERTNR,
MmEM 5 PEREFERARYIRREHMHE.
2.3 MK Bbm ] Wus2 BRIAFHBHE K
Waxy EE R FREAIDES TN

BARBRIX Bbm Fl Wus2 AIAEE RS EXKIE
BEARE, BERFAMRAMEFENEREXRE
MEELABEREATRZHIR, BRHTZRAKN
WINA, ARALRER, AHRELEIHMIT
Y952 Bbm K] Wus2 @BZRIAHEBNE AR Waxy EARIFR
BAREE RN, BRI REBARE Bbm 1 Wus2
BRIATHEREREENR . AP 58 . KN5585 ] B104
B TRERABRI, T,RBEESBMKR, U
BEIARE Bbm Fl Wus2 BRIZTHEEREERGED
D mBINE 3-A; Hm 3. #m9), BMERERMLE.

B2 #B58 HWAHGIESA~C). BHE2HLD)F IL3 T, EHKRE RE(E)
Fig. 2 Generation (A-C) and differentiation (D) of callus in Zheng 58 and abnormal phenotype of T, plant in IL3 (E)
TEFLFATANFERIMTIE, The red arrow refers to an abnormal maize tassel.

£1 EXBTEAXRZMERZ R A pWMDR001 F1 p193412 KA L3R

Table 1 Transformation efficiency of pWMDRO001 and p193412 in maize elite inbred and receptor lines
HRRwS EXERFR 240N EInrEE HBARMENE HARE
Test ID Maize inbred line Vector name No. of embryos No. of positive transgenic seedlings Transformation frequency (%)

1 %8 58 Zheng 58 pWMDRO01 100 24 24.0
2 X923-1 pWMDRO01 50 3 6.0
3 IL3 pWMDRO001 50 5 10.0
4 1L4 pWMDRO01 50 9 18.0
5 IR 724 Jing 724 pWMDROO01 50 6 12.0
6 KNS5585 pWMDRO01 50 9 18.0
7 B104 pWMDROO01 100 18 18.0
8 %8 58 Zheng 58 p193412 200 0 0
9 X923-1 pl193412 100 0 0

10 IL3 p193412 100 0 0

11 1L4 p193412 100 0 0

12 IR 724 Jing 724 p193412 100 0 0

13 KN5585 p193412 200 21 10.5

14 B104 p193412 100 5 5.0
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BN EAMAEECERN vaxy BEHEGETH
B(E 3-0), BREEEFE, § 2 MERZENA
FERE, UER MR ENRHERBASE, AW
XMTENMRELE D BRANAREARERTR
%, BED BN 22.2%M 4.7% (&R 2), FETFEES
MEREBNEET,

24 HEEARATHNEHBBAEEZRS

AR EVES
SRV MERBBEAESERLNTIET M

>

M P N

201
10
7
3
2
1

TTTTTT

3369

C sgRNAI
CGGCATCTACAGGG ACGCAAAGG

-
-
-
-
-
_—‘
-

BBRIR Bbm F] Wus2 BRIAF=ETF) IR (8] 72,
EBERENMBARERHNNEYRRERNARK. B
TH—PREMNFRCEND BEENAREBRCRE,
RARIE Bbm Fl Wus2 BRIATMR EIMMANHIEEEA
FRRTTH, F18E2E Bbm ] Wus2 BRIAF KR
BARBEDLRE .5 Waxy BERRRR B MRS HEME,
MEABRCESBREEAS(E 3-B), HFml. 4.5,
6. 8. 9. 10, FFIYA[IX 89.2%, HEREEMIEFLY
KE 19.5%, B 2 BHEAEALREN 4.1 5K 3).

3369

sgRNA2
CCGTCTTCGTTCTCCATGCTCGT

/\ Wild type

-
-
—
-
-
-

CGGCATCTACAGGG ACGCAAAGG

3 RABUENEEREDBRNA, B Waxy ERRKIEHERC)

CCGTCTTTCGTTCTCCAT

Single base
"\ insertion

Fig.3 Genotype identification after mixture transformation (A, B) and sequencing results for Waxy mutants (C)

M: DL2000 marker; P: FHIXTHE; N: [BMEXSER,
M: DL2000 marker; P: the positive control; N: the negative control.

F 2 3WMEXRMHR pWMDRO02 FEF RIEH N BIERIFE L E

Table 2 Transformation efficiency by mixing pWMDRO002 and gene editing vector in three maize lines

Ry = O MERENENE MERECEDBER MR E
N EXERR REEHRE MR o ) g g :
W RS . No. of high-quality Separation rate of High-quality
Maize No. of No. of positive . . .
Test ID . . K : transformed high-quality transformed transformation
inbred line embryos transgenic seedlings . .
seedlings seedling (%) frequency (%)
1 #B 58 Zheng 58 313 24 8 333 2.6
2 #B 58 Zheng 58 535 107 2 1.9 0.4
3 #B 58 Zheng 58 828 129 56 43.4 6.8
4 #B 58 Zheng 58 446 103 14 13.6 3.1
5 KN5585 210 40 5 12.5 2.4
6 KN5585 256 65 18 27.7 7.0
7 KNS5585 260 51 16 31.4 6.2
8 B104 189 59 13 22.0 6.9
9 B104 242 70 11 15.7 4.5
10 B104 150 48 10 20.8 6.7
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REITLEF T ARNBEEEARAREG TRAN
Y, ENEFEEERREAE. RARELFSEND
B, BEAREMEMNRAMRERRZ—., Bbm
Wus2 BIRILFIN R RRE RS RERBKIHN
[B) SRR M4 T 324, Bbm & T AP2/ERF HRIREEZEF,
AP2/ERF EHEAKABHEXNE R EEMTIFE
MR RN FREEEEER., BHRKXE BBM
A]3@i¥ LECI-ABI3-FUS3-LEC2 IR KIFES
AR IR R £ BBM, LECI #1 LEC2 X4
FEFEREMEBZEHENEIZRATE S, £5F
INEHERRH T8 RAEPEC—PDERER BT LIE
SRR EE . Wus2 B—FEYPIFERN WOX

-~

BRAT, X—RXEZRFEEMNMRBRTEZK. T
HRERSNRELREXRAEIRPRESEE
Ihee?®), wuUs 1 CLV (CLAVATA) MR EY A R &8 T
KAREEYTHERMNIEES 91, wus (@ F
A4S, CLY MR THRA D . ARRF B
Bbm Fl Wus2 NBREAESITEREEXRETERAR
PR, HETMABRSEERRIATHEH
HICRES AR Bbm F Wus2 BRIAFEXREK
ABENAFENE, FHRAERETIX 19.5%, 8
BIEKERENASAR KN5585 F B104 BUEEMIEER
(7.8%)89 2.5 f&, AT, AREAMBEZMAELRA
2 BRI ARTRE, WA S8 H =M 2 AT,
BAREDHZE 8.0%F 24.0%, EIFRKA, EILE
SREMAUABIENSRERENELER,

3 4NEKRBERZET pWMDRO03 FIE FBIE KR S Loy L R

Table 3 Transformation efficiency by mixing pWMDRO003 and gene editing vector in four maize inbred lines

e MRBRCEHE REBECEIBER | N MR R
. e ECPAMERE T 1R R 3
SR TA LR EARERR RIGHHE . No. of Separation rate of . . Average
IR S o No. of positive . . . . High-quality . K
Maize inbred No. of . high-quality high-quality . high-quality
Test ID K transgenic transformation .
line embryos . transformed transformed transformation
seedlings . . frequency (%)
seedlings seedling (%) frequency (%)
1 B104 430 133 123 92.5 28.6 31.0
2 B104 100 39 39 100.0 39.0
3 B104 150 45 38 84.4 253
4 #B 58 160 18 14 77.8 8.8 16.4
Zheng 58
5 *B 58 200 56 48 85.7 24.0
Zheng 58
6 = 724 50 6 5 83.3 10.0 11.5
Jing 724
7 R 724 100 15 13 86.7 13.0
Jing 724
8 & IN12 50 7 7 100.0 14.0 13.3
Nuo IN12
9 £ IN12 200 27 25 92.6 12.5
Nuo IN12
4 it BUst: AR R AEMAHA RG] 6K LI A&

£ Bbm ] Wus2 HBRIAFENH AP IS
BERXRATY, SERSRIMESEMNE, TIU
PDBEEBETRE Bbm T Wus2 BRATHHEREK
ML RERMAE. ZEXREEEMERRTUBEREX
SHEERBKRFNEE, KIERKEMRZCIH)
BRATIEELBITHEEMNERENLTES, AIM
SMBE 5 ATEXREHNEML, ERSKRREXK
EMEMHNEE,

WEMRE A LA RG] REME 098 XA
(X923-1), b7 W RAKALF BEAR AR % IF AL #
958 B A (FR 58)F A 968 B A (% 724), ML K
A b SR AT TR 3] B—AEAE 2K B XA IN12.
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