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Alfalfa Genome Sequencing



⚫ The publication of the first plant

reference genome - the whole genome

sequence of Arabidopsis thaliana in

December 2000 marked the beginning

of the plant genome era.

Arabidopsis Genome Initiative, Nature, 2000

Plant Genome Program
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⚫ By the end of 2020, 1031

genomes of 788 different

plant species (including

subspecies) have been

sequenced and published,

and the number continues

to grow exponentially.

Sun et al., Trends Plant Sci., 2021

⚫ The most sequenced

species were Brassicaceae,

Poaceae, and Fabaceae.

⚫ Tetraploids are the most

sequenced in polyploid

genomes sequenced in

angiosperms.
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Zhao et al., Mol. Plant, 2021 4



Medicago truncatula

⚫ An ideal model plant for the legume family.

⚫ Annual, self-pollinated, diploid.

⚫ Capable of nitrogen fixation by nodules.

⚫ Capable of genetic transformation.

Medicago sativa

⚫ High protein, high cellulose, “the Queen of Forages”.

⚫ Autotetraploid, cross-pollinated, high genomic heterozygosity.

⚫ Capable of nitrogen fixation by nodules.

⚫ Capable of genetic transformation.
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Young et al., Nature, 2011

⚫ The sequencing program of the

Medicago genome started in 2003.

⚫ The Medicago genome (Mt3.5) was

finally published in Nature in 2011.

⚫ About 250 Mb of sequences was

assembled, representing most of the

chromatin, but more than 100 Mb of

sequences was not assembled.

Medicago genome

M. truncatula Jemalong A17
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Pecrix et al., Nat. Plant, 2018Tang et al., BMC Genomic, 2014

⚫ The M. truncatula genome underwent two updates, and the most complete reference

genome (Mt 5.0) was obtained so far in 2018.
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Compared with A17, R108 has 

higher transformation efficiency 

and is more advantageous for 

genetic studies.

Moll et al., BMC Genomic, 2017

Synteny alignment of partial 

chromosomes 4 and 8 between A17 

and R108 confirms the rearrangement 

of the long arms of the chromosomes.

Medicago genome – R108
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Alfalfa genome – Zhongmu No.1
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A. Comparative analysis of the 

Zhongmu No. 1 genome and the

M. truncatula genome showed that 

they were highly collinear.

B. There was a large translocation 

(~20 Mb) between chromosomes 4 

and 8 and an inversion in 

chromosome 1.

C. Phylogenetic tree showed that 

alfalfa is most closely related to M. 

truncatula.

Shen et al., Mol. Plant, 2020 10



⚫ Group 1 was dominated by ssp.

caerulea; group 2 contained two

unknown diploid samples and some

admixed tetraploid samples; group

3 mainly contained tetraploid alfalfa.

⚫ Group 3 could be further divided

into three subgroups that were

highly correlated with subspecies

geographic distribution.

⚫ Cultivated alfalfa is inferred to have

originated from an ancestral group

in Europe.

Shen et al., Mol. Plant, 2020 11



⚫ We performed GWAS on the 137 global core

germplasms using whole-genome SNP data

and phenotypic data from the U.S. National

Plant Germplasm System.

⚫ Using 2,463,637 biallelic SNPs based on the

Zhongmu No. 1 genome, we identified more

than 100 candidate regions associated with

more than 30 agronomic traits, including

disease resistance, insect resistance, growth,

morphology, productivity, and stress response.

⚫ These results identified valuable genomic

markers and candidate genes that can be used

in future breeding and basic research efforts.

Shen et al., Mol. Plant, 2020
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Chen et al., Nat. Commun, 2020

Alfalfa genome – XinJiangDaYe

⚫ Genome assembly of XinJiangDaYe

⚫ CRISPR/Cas9 system
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Long et al., Genomics Proteomics Bioinformatics, 2022

Alfalfa genome – Zhongmu No.4
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Cui et al., Hort. Res., 2021

Li et al., Hort. Res., 2020

Wang et al., BMC Bio., 2021
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Time Article Varieties Size Contig 

N50

2017 Strategies for optimizing BioNano and Dovetail 

explored through a second reference quality assembly 

for the legume model, Medicago truncatula

Medicago truncatula 

R108

400Mb 6Mb

2018 Whole-genome landscape of Medicago truncatula 

symbiotic genes

Medicago truncatula 

A17

430Mb 18Kb

2020 Allele-aware chromosome-level genome assembly and 

efficient transgene-free genome editing for the 

autotetraploid cultivated alfalfa

Alfalfa 

XinJiangDaYe

2.74Gb 459Kb

2020 The Chromosome-Level Genome Sequence of the 

Autotetraploid Alfalfa and Resequencing of Core 

Germplasms Provide Genomic Resources for Alfalfa 

Research

Alfalfa 

ZhongMu No.1

Total:3.2Gb

High-quality:816Mb

3.9Mb

2020 A chromosome-scale genome assembly of a diploid 

alfalfa, the progenitor of autotetraploid alfalfa

diploid alfalfa 793Mb 3.86Mb

2021 The genome of a wild Medicago species

provides insights into the tolerant mechanisms of 

legume forage to environmental stress

Medicago ruthenica 904Mb 613Kb

2021 The genome of Medicago polymorpha provides 

insights into its edibility and nutritional value as 

avegetable and forage legume

Medicago polymorpha 460Mb 11Mb

2022 Genome Assembly of Alfalfa Cultivar Zhongmu-4 and 

Identification of SNPs Associated with Agronomic 

Traits

Alfalfa 

ZhongMu No.4

2.74Gb 2.06Mb
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Prospect – Gapless genome assembly
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Prospect – Pan genome
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Thanks for your listening!
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