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Abstract Birch (Betula platyphylla) ; as a perennial woody plant, is difficult to obtain homozygous plants and
families due to its long growth cycle and complex genotype, which leads to slow progress in its breeding work.
Double haploid breeding technology is a breeding method that has emerged in recent years. It only requires two
generations to obtain homozygous plant families. Therefore, double haploid breeding technology can greatly
shorten the process of forest breeding and obtain homozygous families, while the discovery and application of
the DMP gene has opened up a new research direction in doubled haploid breeding. This article aimed to study
the BpDMPs gene family in birch, and revealed its physicochemical properties, protein structure, systematic
evolution, gene structure, chromosome distribution, and potential functions in the growth and development
process of birch through bioinformatics analysis; to identify the birch DMP gene with haploid induction function
in the gene family through expression pattern analysis, and verify the gene function through Arabidopsis
complementation experiments. The bioinformatics analysis results showed that birch contained 14 gene family

members, distributed on six chromosomes. Phylogenetic analysis showed that 14 genes in the BpDMPs gene
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family belonged to five branches. The predictive analysis of cis-acting elements in the promoter of the BpDMPs

gene family showed that the promoter contained response elements related to growth and development, hormone

metabolism, stress response, and so on. The qRT-PCR results showed that there were significant differences in
the expression levels of BpDMPs in various tissues of birch, with BpDMP2 and BpDMP7 having higher

expression levels in the stamens. Through Arabidopsis complementation experiments, it was demonstrated that

the BpDMP7 gene can replenish the phenotype of Arabidopsis dmp8dmp9 mutant grain sterility. This article

provided basic information for further studying the functions and regulatory mechanisms of the BpDMPs gene

family, and offered a new perspective for understanding the roles these genes play in plant growth,

development, and environmental adaptation processes.
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T ZOBLR A0NEA% b, BpDMPS Yfish 8 1/ A6 7E 2
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Table 1 Analysis of the physicochemical properties of the proteins encoded by BpDMPs gene family in birch
A B D Wt R FAMAH Pim Rl 5‘?%5 BRSOk T AAE fir
Gene name Gene ID Chromosome Gene location Number ")f Molecular Isoelgctrlc Total average Subcel.lular

amino acids mass/Da point hydrophilicity location

BpDMPI  BPChr08G17023 8 38650991-38651641 216 23342.28 6.50 0.292 CP
BpDMP2  BPChr07G18894 7 22585554-22586180 208 2272721 5.61 0.279 CM
BpDMP3  BPChrl11G17728 11 3219693-3220379 228 24 285.32 9.18 0.347 CM
BpDMP4  BPChrl11G13419 11 25274063-25274683 206 22923.87 9.03 0.264 CP,Mito, Nucleus
BpDMP5  BPChr08G05126 8 10638147-10638761 204 21735.80 8.54 0.093 CM,CW
BpDMP6  BPChr01G23597 1 6378106-6378753 215 24 248.03 8.15 0.191 CM
BpDMP7  BPChr06G30721 6 19021326-19021925 199 21589.71 5.84 0.232 CM
BpDMPS  BPChr08G05134 8 10612115-10612687 190 20 441.58 8.66 0.357 CM
BpDMP9  BPChr12G26817 12 3237953-3238363 156 17233.41 9.13 0.160 CP
BpDMP10  BPChr06G30778 6 19025688-19026779 363 39 524.96 5.56 -0.182 CM
BpDMPI1  BPChr10G03440 10 10633218-10633790 190 20 246.45 8.79 0.297 CM
BpDMPI2  BPChr10G03567 10 10667452-10668458 198 21427.86 9.08 0.360 M
BpDMP13  BPChr10G03436 10 10671858-10672481 207 22 453.96 6.25 0.561 CM
BpDMP14  BPChr10G03476 10 10661594-10661917 107 11 381.06 9.64 -0.040 CM

1 CP. A ; CML 4 I I s Miito. 2 Ri{A s Nucleus. 4 HIAZ ; CW. 4TI RE
Note: CP. Chloroplast; CM. Cell membrane; Mito. Mitochondria; CW. Cell wall.
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Bp. Birch; SI. Tomato; St. Potato; Bn. Edible rape; Mt. Medicago truncatula; Gh. Cotton; Nt. Tobacco; Gm. Soybean; Cs. Cucumber; Cl. Water-
melon; Zm. Corn; At. Arabidopsis; Pp. Black cottonwood. The red box represented the conservative area. A. DMP phylogenetic trees of birch, to-
mato, potato, edible rape, Medicago truncatula, cotton, tobacco, soybean, cucumber, watermelon, corn, Arabidopsis and black cottonwood; B.
Conservative domain analysis of BpDMPs gene family in birch; C. Conservative motif (left) and gene structure (right) analysis of the BpDMPs
gene family in birch; D. Analysis of cis-acting elements in the promoter of the BpDMPs gene in birch.
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Fig.1 Bioinformatics analysis of the BpDMPs gene family in birch
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A. Relative expression level of BpDMPs gene family in different tissues; B. Expression pattern of BpDMP2, BpDMP7 gene in stamens of birch. The

significance of Fig.2A was obtained by Student s t-test for each gene of the stamens , pistils, and leaves; the significance of Fig.2B was obtained by

Student’s t-test for each gene before dispersing powder, dispersing powder and after dispersing powder (*** P<0.001).
E2 A BpDMPs EEKRELRIED
Fig.2 Analysis of tissue expression of BpDMPs gene family in birch
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Table 2 Gene editing plant information statistics

SMERECEE B bR

Number of

ISP

Vector name
explants

FEDH G i R
(Indel B4 5 L HAZ)
Number of gene edits

B DN i A R
(Indel B A7 & L5 )
Gene editing efficiency

e
Number of  Transformation

positive plants  efficiency/%

(Indel or significant mutation) (Indel or significant mutation)/%

pSC1-CRISPR-BpU6-2-sgRNA1 76 56 73.68 2 3.57
pSC1-CRISPR-BpU6-2-sgRNA2 66 52 78.79 2 3.85
pSC1-CRISPR-BpU6-2-sgRNA3 33 23 69.70 — —

&it 175 131 74.06 4 3.05
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A. The BpDMP7 gene complementation constructs; B. Images of siliques from the dmp8dmp9 mutant and the different BpDMP7 genes complemen-
tation lines in the dmp8dmp9 background; C. Quantification of seed number per silique in the dmp8dmp9 mutant and the BpDMP7 genes corre-
sponding complementation lines. WT represented the wild-type strain, dmp8dmp9 represented the double mutant of Arabidopsis DMP gene, pBpD-
MP7: : BbDMP7, pAtDMP9: : BpbDMP7, p35s: : BpDMP7 represented the three complementation lines, respectively. The error line represented
the standard error of three biological replicates. The significance was obtained through Student’ s i-test between WT and dmp8dmp9, between
dmp8dmp9 and pBpDMP7 : : BpDMP7, between dmp8dmp9 and pAtDMP9: : BpDMP7, and between dmp8dmp9 and p35s: : BPDMP7 , respectively
(% P<0.01, **.P<0.001). N represented the number of biological replicates.

3 BpDMP7 £ H [E % dmp8dmp9 R E
Fig.3 BpDMP7 genes complement dmp8dmp9 phenotypes in Arabidopsis
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Fig.4 BpDMP7 gene editing and genetic transformation
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