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Bioinformatics Analysis and Gene Editing Target Design of BBX32 Gene in
Soybean
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Abstract: BBX32 genes belong zinc finger transcription factor, which are widely involved in plant growth and development.
However, the biological function of BBX32 genes had not been resolved in soybean. To investigate the molecular mechanism of
BBX32 genes in soybean ,homology alignment analysis was performed. The result showed that the two homologous of Arabidopsis
BBX32 were found in soybean,and named GmBBX32a and GmBBX32b. The expression levels GmBBX32a and GmBBX32b in
different tissues of soybean were analyzed by using the RNA-seq database. The result showed that the expression level of
GmBBX32a was higher in flower, leaf and pod, while the expression level of GmBBX32b was higher in pod and flower,
indicating that GmBBX32a and GmBBX32b might be involved in flowering and seed size formation in soybean. In addition, the
knockout vectors of GmBBX32a and GmBBX32b were constructed and transformed into soybean hair roots for target detection
by using CRISPR/Cas9 technology,which should be provide efficient editing target information for the next generation of stable
transgenic materials. Our work provides a theoretical basis for in-depth analysis of the complex molecular mechanisms in
regulating soybean yield traits.
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Table 1 The name and sequence of gene target primers
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GmBBX32aF GATATGATGGGGTTGAGTGGTAGT I B 2572 75 i
GmBBX32aR TTGGCTTCGGTTGGGTCA G B AR e
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The phylogenetic tree of soybean BBX family proteins
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Fig.2 The sequence homology comparison(a)and phylogenetic tree(b)
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2.2 GmBBX32 WEBR-H5=REHTRN

& H 45 or B 45 R K B, GmBBX32a &
GmBBX32b FH K — L, o IRTES B-5% Y
BOEMAZEA R, BA —E MRS, B0 A 7 8k
FAEE—E 25 (£ 2 [ 3a FIK 3b) .

*£2 GmBBX32 ZEH_

GmBBX32a Fl GmBBX32b [ %8 [ = 2% 4% # 45
HHRSE AL TR 5 (14 3¢ A 3d) , B
4530 GmBBX32a il GmBBX32b & [ T fig Al

REMPEERK

Table 2 The main secondary structure of GmBBX32 protein

o B2 TE B TeA S
L[ 4 R a-helix B-turn Random coil Extended strand
Number of
Genename @ ino acids B0t e e . Hok e Hok e
Number  Proportion/%  Number  Proportion/%  Number  Proportion/%  Number Proportion/ %
GmBBX32a 243 125 51.44 4 1.65 102 41.98 12 4.94
GmBBX32b 241 104 43.15 6 2.49 114 47.30 17 7.05
a BBX32a
“H H }Hu ”Hmm 1H ‘ umm”umunmmumummmum T‘anmnuww IMH‘HHHH H i HHHHHHEM ‘H‘HHHH‘H MHMHHH“H \H
50 100 150 200
b GmBBX32b
50 100 150 200 ‘
¢ BBX32b d GmBBX32b

a~b. K5 GmBBX32a 1 GmBBX32b 4t 8 14 i 1) — /451

/4

;e ~d. KT GmBBX32a Fl GmBBX32b 4t 14 5 i) = R &%

a5 8 (X IRERR o-BRBEAEH 5 £1 (0 XS AR AR N BREE ) s S (B X IR TR B-H% R 254 5 38 (0 IX IR R TE ML I 4544
a-b. Secondary structure for protein encoded by soybean GmBBX32a,GmBBX32b; c-d. Tertiary structure for protein encoded by

soybean GmBBX32a,GmBBX32b ;The blue area represents the a- helix structure ; The red area represents the extended strand structure ;

The green area represents the B-turn structure ; The and the purple area represents the random coil structure.

3 GmBBX32 EHEZ

R0 = R EE R TN

Fig.3 The prediction of secondary and tertiary structure of GmBBX32 protein

2.3 HARFERUEREST

ISR R, GmBBX32a {E KT &~ HH
W Rk B Y 3 R T GmBBX320 (18] 4a ~¢) , 4
M GmBBX32a £ K o v By T B AT BE 9 T

GmBBX32b, v, GmBBX32a TEAE M1 E I p A

AR R LR (& 4a fl 4c) , GmBBX32b 15 3%
FAE i HLA A e i R 0A i (&1 4b Fil 4e) , 10 B
GmBBX32a 1 GmBBX32b ] fig 5 K & B IF 4L FAFRL
KANE BAHG o
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a BBX32a b GmBBX32a

c
2.80
2.40
2.00
1.80

1.60
Pod 1.40
1.20
Shoot 1.00

GmBBX32a GmBBX32b

Nodules

a~b. RERFRIHL IR . KEFRIEGEAG (M 32 28 2595 Fh T A $AIET; 2L G AR S H Rk s AR sk
a-b. The expression in different soybean tissues;c. The heatmap according to RNA-seq database ; The red represents high transcript level ; The green

represents low transcript level.

4 KE GmBBX32a 1 GmBBX32b EREAELARATIHRILZER
Fig.4 The differential expression of GmBBX32a and GmBBX32b genes in different tissues

2.4 GmBBX32a/b EEHIEIENIZE RN RN 5a F1 S5b R I F 56 IESS SE AR B
2.4.1 CRISPR/Cas9 # 4k % # 12 & % & M R, ENE FH T A 22 R G AR B LIS .
CRISPR/ Cas9 FE R Zh i 434 1A #5547 ‘i R 28k AR A

I ATG TargetITarget3 Target2 UTR I Exon

BBX32a [ — v ———

ATG TargetlTargetd Target2
BBX32b [ . V— S
100 bp
b W Targetl  Target2 i Target3 W Target4
. [ i
LB U3bsgRNA  U3d sgRNA U6-1sgRNA  U6-29sgRNA RB

a. Cas9 FMRHL RO BB b. Cas9 BIRLHIE R

a. The target location information of the Cas9 vector;b. The structure information of Cas9 vector.

BS BRUERHBENERER

Fig.5 The target location and vector construction information
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2.4.2 GmBBX32a/b 3 B 325 A sorksem F
ZRAAE 5 | 0t 5 PRR AR B B ARG 25 SR 1 4] 6a
IR Rt 6 AP FE L AR B, GmBBX32a £
PRITE T1 88 s BT B0 7 X004, T 8 BB 98 A 28

a M 1 2 3]

2000 bp———

c
GmBBX32aT1

PAM
CCCTCCGATTCCGCATTTCTCTG
CCCTCCGGTTCCTTTTTTTGCTT

GmBBX32aT3

PAM
CCGTCCACGCCGCCAACTTCCTC
CCGTCCACGCCGCCAACTTCCTC

CCGTCCACGCCGCCAACTTICCTIC

GmBBX32bT2

PAM
CCTCCGTGACCGACGACGCATCT
CCTCCGTGACCGACGACGCATCT

CCTCCGTGACCGACGACGCATCT

ot o

B, T7ERE A T2 R T3 Kb 35 oK 7™ HE U, I T2 11
T3 HULE TR, R4 GmBBX32b 5 GmBBX32a L4
AT FI T2 {HAE GmBBX32b FE[H |, T1 Fl T2 #L45
R Gt , T4 S AR R A 4 (€] 6b ~ 2) ¢

4 S 6 7 8

GmBBX32aT2

PAM
CCTCCGTGACCGACGACGCATCT
CCTCCGTGACCGACGACGCATCT

CCTCCGTGACCGACGACGCATCT

MMt

GmBBX32bT1

PAM
CCCTCCGATTCCGCATTTCTCTG
CCCTCCGATTCCGCATTTCTCTG
TICCGCATTICICIG

CCCTCCGAT

GmBBX32bT4

PAM
CCGTGCACGCCGCCAACTTTCTC
CCGTGCACGCCGCCAACTTTCTC

""" GCACGCCGCC CTTTICTIC

\M/\A/\/\M AL

a. AP FE AR BRI ;b ~ d. GmBBX32a ()40 45 T1 T2 F1 T3

HIZEAE T s e ~ g GmBBX32b 140 15 T1 T2 1 T4 () 58 A5 1%

;M. DNA marker ( DM2000) ;1. PHYEXS ;2. Hy 0 28 AT IR 3 ~ 8 PHPEE SRR
a. Detection of positive transgenic roots; b-d. Mutations of T1,T2 and T3 of GmBBX32a; e-g. Mutations of T1,T2 and T4 of

GmBBX32b ;M. DNA marker ( DM2000) ;1. Positive control;2. H, O blank control ;3-8. Positive transgenic roots.
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Fig.6 The detailed sequence of the targets site in the transgenic soybean hairy roots
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