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Abstract: Previously, we achieved gene editing using CRISPR/Cas9-RNP and plasmid in the PEG-mediated protoplasts
transient transformation of rubber tree, and by targeting the HOPDS gene, callus with albino phenotype were obtained,
but no edited plants were regenerated because the technology of embryogenesis from callus is not yet mature. In order to
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obtain gene edited seedlings, we used the same HbPDS target as previous in the callus editing, but used somatic em-
bryos as the transformation receptor instead of callus. After hygromycin resistance screening, 116 positive T, generation
embryos were selected through Cas9 gene PCR detection, following by next generation sequencing, five embryos were
found to be edited at the target, accounting for 4.3% of PCR positive embryos. At last, two regenerated plants were ob-
tained, both were chimeric because only partial albino leaves appeared in the plantlet. Sequencing of both albino and
green parts revealed that gene editing had occurred in all samples, besides a homozygous biallelic mutation in one al-
bino leaf, all other leaves exhibited chimeric mutations, with mutant sequences in albino parts accounting for 86% to
100% ratio, while green parts accounting for 66% to 69% ratio. This indicates that the mutation threshold inducing the
expected phenotype in rubber tree CRISPR/Cas9 editing plants is higher than 69%, ranging from 70% to 85%, providing
theoretical guidance for obtaining gene editing seedlings with expected phenotype in the future. Meanwhile, it is proven
that nearly all the regenerated plantlets obtained from T, generation somatic embryos are chimeric, thus T, generation
embryos are not suitable as regenerated materials, but also providing insights to improve the regeneration procedure by
using T, embryo to get homozygous seedlings in the future. This is the first report about gene editing plants in rubber
tree, although they are chimeric, it still enhances the understanding of the function of CRISPR/Cas9 in rubber tree, lay-

ing the foundation for improving and applying gene editing technology in rubber tree.
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1.44 umol/L Gibberellic g . 0.27 pmol/L 2,4- 5
HEILLMR (2,4-D). 70 g/L 5B 50 ml/L #5 T
K1 /L ARBAN 2.2 o/L AHFREE . A T I AR R4k
A BERLZEAS , A RIS AR 5 18,
1.1.2 EARZAEMA SR G 200 th AR TR 4 3
T pCAMBIA1300 #ifAt . Hr Cas9 A H
2x35S JABh T UREh, sgRNA My A4 7 e )
pHbU6.2 J5 33K 3), fir4 A pCAMBIA1300-2x
35S8Cas9-HbU6.2, ZE AR & A W Aar T BgYI{ 8.,
FF AR AROBRIT A o K I PR 2 2 2 AR B AAGFT TR
EHA105 Btk ( LigmEsEE R A RAR) 5
2 H.
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IR R, RAFRIPRF B b el 100
1t PDSHE A 5 # FHAEAR W el 57 5 PR G 4R B R 194
WCHEE AR E R AR Y b B ARG O S F
HrpRE 5B ERFE T RER, L E B
Yrrh PDS IR PR SF T 5 S I, SRR SE A
4748 & ( http://hevea.catas.cn/home/index ),
DS T AR e 44 ) HbPD'S BE A

122 ARBHHAME HIEH Aar1 (NEB)
fiit]] pPCAMBIA1300-2x35SCas9-HbU6.2 JF ki, fiff
PIAZRNT . BOkL 1 pg, 10xbuffer 5 uL, Aar I
fitf 1 pL, 50xoligonucleotide 1 uL, %+ ddH,O £
50 pL, 37 CHE§Y) 5 ho FAREGYIIG ™A 40 F K
K (5'-TAGCTCTG----CAATTGCTACTGC-3',
3'-ATCGAGACTTTG----ACGATGACG-5" ) & I
AR, Wik 5 EaRRE R EAN, AR
F£%1 ( 5~ATTGATGAGATCCATTCTTCTGC-3',
3'-TACTCTAGGTAAGAAGACGCAAA-5', 154 #]
I3 4 RN 5 BAREU) G AR PR I ).
iyt T, DNA ##8f (NEB), #EH G i3k 5
AR P 9 %4, NITAS 2 58 3% 1 #8845 HbPDS
A g D), JF 7 e (E 2),
A BRI 27 5 S 4544 .

1.2.3  HIMRAIRIE AR S5 40 R B A B
RATHE A G 7 BRI R IR BEA T AL e A1
SEHREL 1 DRFFE B 1.5 mL B0,
22 °C, 160 r/min FEPRHE 16 h, SR)5WHL 20 uL B
Wl A% 200 mL LB M =f/MMid, mA
100 pmol/L Pt T 7 i ( AS ) #% % ODgo=0.45,

Kpn 1 (17)
BamH I (21)

CaMV358 sgRNA
HypR . PDS-T10
— ~ HbU6.2
T-DNA (left-border) »(A* L2 X pass
~/ y TR\ Neo 1 (1261)
~ N \ “NLS
pC1300-2x3558Cas9-HbU6.2. | | Cas9
~.
Rep Origin 2 15113bp\\\ )/
R
A\ A
7o\ ™~
e NN
Rep Origin 1 / \_)\/ \\ NLS
Nhe 1 (9549) N\ TERM

T-DNA(right border)

B 1 %ETF pCAMBIA1300 ByEEHIEH K
Fig. 1 pCAMBIA1300-based editing vector

2 BIEFI 45
Fig. 2 The QR code for plasmid sequence

RIGTHAMRIRIZYE 8 min, $EE7E 40 kHz AU
PR EE R ALER 50 s, #1k 10 min, BB AN AE K
WKL, ETHHTIESGRTEHEAS
100 pmol/L AS f¥) MSE 1t |, fEHRE ST
22 CH:I%F 84 h,

1.2.4 MaMARRRS -F R BRYLE RIR L
AFIE S0 B b BN 10 mg/L 1)
B R M 500 mg/L FEETT, 1/ HJE#:%] MSE 55
FREEIREIESE 2 A, BUAK 2 mm MIETEIR
Yo 2 2 WY L4 DNA RBUR &t
BB EOE N2 DNA, ] Cas9 KNS 54
( Cas9-F: 5-CCGATCGGCACAGCATCAAG-3',
Cas9-R: 5'-TCCACATCGCTATTGTCCGG-3") i
PCR Kl FHEFE AL RIE . P36 Lk 2 Ak
YR A R A F Y 2xMagic Green Tag SuperMix
g, PHARWT: B, M54 (10 pmol/L)
4% 1 uL,2xMagic Green Taq SuperMix 10 uL,DNA
it 1 uL, ddH,O 7 uL. PCR BE/FUNTR: 95 CHll
5P 3 min; 95°C 10s, 58 °C 10s, 72 C 30's, 35
AMEFR; 72 CHEf 5 min, ¥ T K/ 433 bp.
1.2.5 HBAEAE Pk 1.2.4 PR R B
PIRIE, e AMEAR PRAE S SR SE AT R AR A .
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A BEFRF ST NTE MS 5 FRFEHEIN 0.23 pmol/L
KT, 0.11 pmol/L IAA } 8.7 umol/L GAsz, FEHJEENR
WINEN 1 /L, FEMEHIES 50 /L. 51N
28 CHEHE 16 h, WEEG#: 8h,

1.2.6  ZRAHARG ST AR 350 55 B — R
AR DA RRER Rt $E1.2.4 TR
TSR BOE R 24 DNA, 35 F A T8 5 P iy e
F51%( T10-F: 5'-ggagtgagtacggtgtecCAGTCTAT-
GCTGGAGTTAG-3’, T10-R: 5'—gagttggatgctggat-
ggGCTTTGCTCTGATCTGCAG-3', /N5 FHE N
AR T LTS ) R X ST PCR 474,
PR H R/ 170 bpo ¥ PCR ik 1 v [ KA
HIF 5% BT g e 0 45 A7 AR Y

2 HER55H
21 HbPDSERMEMERESW
ZFEEH R, BEMERAHHRA 1 4
HbPDS R, 4Kk 23 928 bp, A 14 oM
¥, JFLBEEHE (open reading frame, ORF ) A
1749bp (& 3), ZHFHME . KE PDS £ H M 4
YA, 7F HDPDS EEH M5 12 A~Fh B+ E3EE
iR, FAN 5-CCTGCAGAAGAATGGA-
TCTCAT-3', HH i 3 MBI N PAM( proto-
spacer adjacent motif ) FL£/¥ .,

1234 5 67 891011 121314

A £ TETEE T T T TR 4
V  HeRRLR

| ZRIFERED

B 3 HbPDS EEZHIREE
Fig. 3 Schematic diagram of HbPDS
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2.2 BEPRMEREEERE
300 MARHEATRITHEEY:, 1| ASHIETE
BT A T/NERIE IR, Bz BRIE IR
MNARIRIE G TR 3 4k 82 175 5% 2 A A )5, VI 2 mm
9 1F 75 T /MR DNA, #RJ5 ] Cas9 4% 5751
Y PCR P34, 25 IR 116 NIRERFED ™ H Cas9
PR R B ([ 4), RUSICEN 38.7%.
23 MAMERLEREHREREEE
ZeEmE I , 78 116 /> Cas9 43146 I FH 7
R RRIR R, U 5 AR A T 3 K i
PR R T bR A (1B SA), XT&AHRE

M: DL2000 DNA marker.
B4 #{LEEIR Cas9 £ H PCR #ifll
Fig. 4 Cas9 gene PCR detection of transformed embryos

FAE ARSI 2R Tt BUAR (& SB) #E 17
FE AR, E g A L2 70%, &
Jy 84% (& 5C),

A

C PAM
WT GCACCTGCA-GAAGAATGGA (30.22%)
0l GCACCTGC--GAAGAATGGA -1 (20.29%)
02 GCACCTGC---AAGAATGGA -2 (13.33%)
03 GCACCTGCAAGAAGAATGGA +1  (10.34%)
04 GCACCTGCA-————-— ATGGA =5 (6.93%)
05 GCACCTGCA--AAGAATGGA -1 (4.67%)
06 GCACCTGCA—--—-—-GAATGGA -3 (2.46%)
07 GCACCTGCA-———— AATGGA -4 (2.12%)
08 GCACCTG---GAAGAATGGA -2 (1.83%)
09 GCACCTGCACGAAGAATGGA +1  (1.77%)
10 GCACCTGC-—-—-— GAATGGA -4 (1.61%)
11 GcACCTG----AAGAATGGA -3 (1.53%)
12 GCACCTGCA-—————-— TGGA -6 (1.51%)
13 GCAC——————————— ATGGA -10 (0.96%)

A FeAbiRin (Lo OFF S Bt AIE ); B 1t B2
C: S (O 2F 1 g B 2 20 2 LU A1
A: Transformed embryo (The resistant embryo was pointed by red
arrow); B: Cotyledon sprout; C: The edited genotypes and corre-
sponding ration of the Cotyledon sprout.

E5 HmEFEEHRERERFRE
Fig. 5 Phenotype and genotype of edited embryo
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FEAIA T 66%~69% Z 8], T (B AL - - 4 24
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FEBIAT 86%~100%2 [a] o PRI, A% AR 3 K] 2
EEAE PR ) B TR 9 R A g i L R A T 70%~
85%Z[H. BRTH P 1 AFfbrt B S R4l A
WA 2R (6B ), Haxgkadhas fl L Hh
D7 R P A R i A RS SRR R 17 R
(K 6C),

B Sample Wild% Mutant% Mt}‘fptgm Target genotypes
Wild 100.00 0.00 - GCACCTGCA-GAAGAATGGE
Ao 000 80 ] S emamrson

PAM

C WT GCACCTGCA-GAAGAATGGA
01 GCACCTGCA----GAATGGA -3  (59.26%)
02 GCACCTGC--GAAGAATGGA -1  (13.95%)
03 GCA-——————=—————- TGGA  -12 (13.20%)
04 GCACCTGCA---AGAATGGA -2 (3.37%)
05 GCACCTGCA------ ATGGA -5 (3.01%)
06 GCACCTGCAAGAAGAATGGA  +1 (1.31%)
07 GCACCTG-=—======== GA  -10 (1.25%)
08 GCACCTGCA--AAGAATGGA -1 (1.05%)
09 GCACCTGCA----- AATGGA -4  (0.84%)
10 GCACCTGCA------- TGGA -6 (0.58%)
11 GCACCTG----AAGAATGGA -3  (0.46%)
12 GCACCTG---GAAGAATGGA -2  (0.46%)
13 GCACCT-------- AATGGA -7  (0.29%)
14 GCACCTGCA---——=-———-- -19  (0.29%)
15 GCACCT-=-=-—=======—=-= -13  (0.25%)
16 GCACCTGCACGAAGAATGGA  +1  (0.22%)
17 GCACCT------——————-- -14  (0.21%)

A: GRABAIRREI R, B G EA RSN
C: AL A FE R AL
A: The phenotype of edited seedlings; B: The genotype of a homo-
zygous site; C: The genotypes of chimeric sites.

E6 MmEEKNRERERERL
Fig. 6 Phenotype and genotype of edited seedlings
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