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Abstract: In recent years, nanoparticle-mediated gene transformation has overcome the problem of traditional
transgenic methods that require tissue regeneration and culture. This method shortens the cultivation cycle of
transgenic plants, and has a wide range of applications. No mature genetic transformation systems are available for
the grass Pennisetum alopecuroides, so the aim of this study was to develop a nano-magnetic bead-mediated
transformation system for this plant. The P. alopecuroides ‘1Ligiu’ was used to optimize the key steps including

transfection temperature and processing time, nanomagnetic bead loading capacity, and the hybridization and
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screening of transgenic lines. The results showed that the vitality of P. alopecuroides pollen was higher after
treatments at 4 and 8 °C than after treatments at 12, 16, and 25 °C. There was no siginificant difference in the pollen
opening rate between 0. 5 and 2 hours of transfection time, and pollen vitality was not affected by the duration of the
transfection time. Accordingly, 0.5 hours was selected as the transfection time. The transfected pollen was used to
pollinate P. alopecuroides ‘Liqiu’, and 150 seeds were randomly selected from the naturally obtained hybrid seeds.
Transgenic seedlings were screened on medium containing 80 mg+L ' hygromycin. Subsequently, PCR detection
and green fluorescent protein observation results confirmed that seven transgenic plants had been obtained. In
summary, a pollen tube channel transformation system based on DNA-coated nanomagnetic beads was established
for P. alopecuroides. Our results show that transgenic seedlings can be generated within 5 months with a
transformation rate of about 4. 66%. This system represents a new solution for genetic transformation and molecular
improvement of P. alopecuroides in the future.
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Fig. 1 The flowering process of P. alopecuroides ‘ Liqiu’
A ME S HE Sk 8 ) Pistil stigma exposed; B M &5 # 4 §UK Stamens bloom and disperse powder; C: 4% 1€ J& Ui & 8 fb Stamen degeneration after

flowering.
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Fig. 2 Pollen morphology observation of P. alopecuroides ‘Liqiu’

A 62 BB T 7K JE & 45 1 Pollen was observed under orthostatic optical microscope; B: 5 B 58 T £ ¥3 JE Z& WL %€ Pollen was observed under
scanning electron microscope (SEM) ;3 C: A £ i 4645 FF FL AL 2119 4E B3 L AR ZS Pollen pore status that has not been treated with pollen pore-opening
solution; D: Z3d f£. 43 JF 4L ?ﬁﬁifﬁﬂ"]ﬁ%i‘uﬁ?& Pollen pore status that has been treated with pollen pore-opening solution.
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Fig.3 The loading and protective capabilities of magnetic nanoparticles for plasmid DNA

A: MNP/DNA & 4 ¥ 0 B I8 7 BE J1E H 3K 43 BT Agarose gel electrophoresis of plasmid DNA and MNPs/DNA; B: MNP/ DNA 4 4 ¥ i U] 7= ¥ 1) Bt
JIE W B8 e L Wk 43T Agarose gel electrophoresis of plasmid DNA and MNPs/DNA complexes digested with Xho 1 5 M: Trans 15K DNA Marker.
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Fig.4 Optimal temperature for transfection of P. alopecuroides ‘ Liqiu’

A B YL G o TR BS RE TE R R AR ZEWCR 78 = R K5 % 3 h After pretreatment with transfection buffer, pollen grains were transferred into

germinating media and incubated 3 h under RT ( 1 37 )6 % B 0 T WL %8 46 ¥ 85 & 1% B0 Pollen germination was observed under orthostatic optical
microscope) ; B: A4 T kb B al 78 45 2 15 R WAL B A9 46 4 & 275 0 Germination of pollen without pretreatment with transfection or pretreated under
indicated temperatures; RT: % i Room temperature; A [l /NG £ 3 /R £ P<<0.05 K F | 2% 5% & % , T [ Different lowercase letters indicate

significant differences at P<Z0.05 level, the same below.
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Fig. 5 Optimal time for transfection of P. alopecuroides ‘Liqiu’

A 8 CF A [] it 18] 4 Y 22 wh gk 751 40 1 44 46 493 10 45 9 £2 Scanning electron microscope (SEM) images of pollen pretreated with transfection buffer at 8 °C
for different times; B: AN [F] % YL st [a] (1) 4R J& % 46 43 T FL %% Pollen opening rate after pretreatment in transfection buffer at different times; C: 7N [ §% Yt fif
5] () 45 & B2 46 83 1 71 Pollen viability after pretreatment in transfection buffer at different times.
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Fig. 6 Verification of positive plants

A A RO E WAk R R K5 YL A9 R T Hygromycin screening seeds transfected with P. alopecuroides ‘Ligiu’; B FHMEAE Y PCR K25 5 PCR test
results of positive plants; C: DNAMAN [ %} 45 #: DNAMAN comparison results; M: Trans2K® Plus Il DNA Marker; WT: & # 4 ki # Non-

transfected plant.
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Fig.7 Subcellular localization of pMDCS85-GFP
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Fig. 8 The roots of positive transgenic plants under confocal microscope
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Fig.9 Steps in P. alopecuroides ‘Liqiu’ pollen transfection using DNA-coated magnetic nanoparticles

R ELA B AR A MR ) B R AL AR R R SO IR B AR IE R G OL R, IR AR R R WY R LG HT, AR
YT JCIEIE A o 38 AR e e A B S AR FL IR L 35 FT I, 5 (8 40 K W4 B 78 14 37 (0 VR FH T 38 o A6 8 FL 4% 47 0k:
DNA it ATEF o

PRAEAE A 15 J7 S 42 A6 0 e QL S T 42 . O WIS 90 0 A6 8y EL A O [RGB 1k TR B R O ISR R 43 5%
AERHIGTEDY . 1998 4F , 2T RV L IS T2k K HE (Oryza sativa) 468y A1 HE A8 B2 5046 By S i I 6, LA I =5 18
Xof AR AR AL W5 5 S A R o A 5 S A6 A A 8 R A A B A U Y B 5 R BE R DR AR R TE B e AR T
PRFFEGR A IE J) 3R M R T 2. JE M & AL Y A B 2 )5, 4T IR i & AL 7 B AMR Y B LR AE —
FEFE P bR e MR SR E AR R B MESE . Y AE R FLAT T B, B G s B DO E B T AR DNA B A 4 g
BER BRI, oK G ad B Yo Ak B S TFALR B & L TR A G 3 DR A6 R B A B v 6 T AR AR I T ik
ek AL, T T LI A 5 S, B L8 8 W R B e i AR B o IR R B B AR AL S S R R AR TR RO B & AL
T {8 4R K W B 5 45 AR I DX 1 AR R R o AE FE AL B) 1 3 R L, AS B 5 15 57 AN (] g Ak BB BT (] Sk R 5 A 4 1 T L
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% 2 375 By BB BRE IS AL IR, DA B8R 1) T AR 1) U0 0 5 1T 40 K G B PR T DR AR B R, AN gl o LB, 7E H K s AR D
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A, T MNPs BB OB DNA 4 22 B 1 18 Ak 7 F A3 0 98 I R 2 400K M4 B8 25 8] B 05 6% 1 T8 Ak Mg™
5 DNA 454, i B AT DNA T8 10 B i9 78 Y.t A5 5F 28 TN A 99 K 80K BT 5 (4 1F H fof 3% A, (45 Mg™™ 5
DNA/Y KR B 5 , LA K DNA 544K Uk 09 25 6 7l fig S 30 7 DNA 254 19728 5, TR 37 T DNA %32 i V)
st

WA 2 B AR T H A Bt A 38 ORI e 3R 2 0 4 70 LA O 2 et [0 e A PR R SRR AR A P T B SR R SR
Wy Je— A2 O 38 o R R A B R B R VA R L W R B R SR A W AT R A O A E S I E )T
THwATY, MERBEYNERERTA R ENFEER, AR Y A R E A5 R AR5
TERE RIS IR R v BE i 55 R BAE R 1E R, S5 R A BRI B R B E I 80 mg-L "M, KB4
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MR R B AL AT AR 1A AR & A A2 B A K W] 8 A8 i AE I R IB M N . GFP & Mk
Jo R HL AR S, X 4 T BE A A7 e TRAL B 7 SR AN B R TR BV R IR s T . T GFP I T, T
HOOT DU R T N s EC i 4 A, (0 3 B AT A 3k [ Bt e T 3 DA st 1L AR R . 7E pMIDC85-
GFP Bk il 5 GFP AR 2, 30 o V30 3 3R A8 I (0058 L 558 A7 8 AR 19 AR 2R, ) g AL JBI0 R 1) AL R 76 O 1 b /s i
g6 9 IE B pMDCS85-GFP FUkr il S 55 A .

4 it

A 5 %o AR R 5 T N K R R A S 1 A 0 T A Ak 1 AN K R R 67 2 RE T T AL I )RR AT T R G
i o AR BEER DR DNA 9052 [ 1 A, o5 DNATE B i ol 14 i dpcfd, ol 528 DNA #E A B L. A TR
JEE R T L B[] 2 0 R R A8 0y 19 Wi S R0 T AL B () 7 A S ) A B GL i B Ol 8 °C R LA ] 30 min B, Ak
TR BB S O R AL M AE A 06 0, HLBE ARG A KM JF L% . % it 80 mg- L i) 5 28 VR 13 %5 35 L (0 s , XoF 1l 4% &)
AT PCROK M RO 6 2R A 0 s W05, i DA B AL 35 R 114 150 0 7 v %68 2 1) 7 Mk PH A A bk, 6 Tk 3R 3k 31
4.66% (7/150) . ASWFFO/ QK BERE e 5L S M ZE A (S TR B8 R AOR REBR S LR 2 B TR E B
9N K BETR AT T 1 46 R A T8 38 e TS I 9 0 2 B, O S S 5 T op R R S D RIS TN S R R T R TR E
PR T FE R
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