1E¥1¥3R ACTA AGRONOMICA SINICA 2022, 48(2): 267-279 http://zwxb.chinacrops.org/
ISSN 0496-3490; CN 11-1809/S; CODEN TSHPA9 E-mail: zwxb301@caas.cn

DOI: 10.3724/SP.J.1006.2022.14047
AT RS EMBESXRREN AR
BEE™ AR

! / , 050021; 2
, 100081

P AFTEA 1 RN R R Yk, REES FRES L. AR EREES T RAA 125
AFp, PR EA 15 AR, A TARRRD USRI A . H AT G RIS 2 S R E R TR 6 AR, A
PG ARG BT & B R R 2 22 B I Y, 5 H 2R S 2 — 2 R T R B, MRS TR KR
Feit, HkERXmERE M AR, JEA LB A, S. adhaerans 1) B JEF L H S. grisebachii 1) C R R4
HRFHEMERN A R BAMXITRRE R, MHAIE R H ARG8T, 8 A RART ) m, 57
P TAE# BRI T G5 A Tl F AR AR BB BR B R BE D e 3045 1 v, B Sl 1 ) Al R AT O AR A
ERH . ASONA TR AR SRR . RGP R MG AL TR IR IR IEAT T 4Rk, EATIE T A
TG ERTES FRIES YL . BEF R RIIMEN, I8 T g B ER RS T Y S F Fheb it — 2 F
(O

AT LGB RGO B E A

Phylogeny of wild Setaria species and their utilization in foxtail millet breeding
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Abstract: Foxtail millet (Setaria italica) was domesticated from the wild ancestor, green foxtail (S. viridis), about ten thousand
years ago in China. Foxtail millet belongs to Setaria genus, which includes about 125 species of panicoid grasses worldwide, and
15 species of them in China varied from diploid to octoploid. Currently, six genomes in the Setaria genus have been identified by
GISH (genomic in situ hybridization). Molecular phylogenetic analyses show that the Setaria genus is polyphyletic, in line with
the characteristic of diversified genomes. Phylogeny of Sefaria genus reveal that foxtail millet is most closely related with green
foxtail, and then S. fabrei and S. verticillata, and that A genome of S. italica/S. viridis appears to be closer to B genome of S. ad-
haeran and C genome of S. grisebachii than the other known genomes. For utilization of wild species resources, foxtail millet
breeders have successfully introduced the naturally mutated herbicide-resistant genes from green foxtail into cultivars, resulting in
the herbicide-resistant foxtail millet variety. Here, we review the recent advances of wild species of foxtail millet in species classi-
fication, genome constitution and phylogenetic relationships, and highlight the utility of the wild species resources for breeding
and domestication of foxtail millet. We also discuss the potentials of the wild Setaria species in discovery of domestication genes
and breeding in foxtail millet in the future.
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Table 1 Geographical distribution and chromosome number of Setaria species (Modified from Kellogg'"")

Species name Origin Chromosome number (27)
S. adhaerens Asia 18
S. apiculata Australia 36
S. barbata Africa 54, 56
S. faberi South America 36
S. flavida Australia 44, 54
S. geminata Africa ND
S. grisebachii North and South America 18
S. homonyma Africa ND
S. italica Asia 18, 36
S. kagerensis Africa 18
S. lachnea South America 36
S. leucopila N N USA, Mexico, and South America 54, 68, 72
S. longiseta Africa 36
S. macrostachya North and South America 54,72
S. magna North and South America 36
S. nigrirostris Africa 18, 36, 54
S. oblongata Argentina and Bolivia ND
S. palmifolia Asia and Africa 54,36
S. pampeana Argentina 50
S. pflanzii South America 36
S. plicata Asia ND
S. pumila Africa and Asia 36, 54
S. restioidea Africa ND
S. rosengurtii South America ND
S. scabrifolia South America ND
S. sphacelata Africa 18, 36, 54
S. sulcata North and South America 18, 32, 36
S. tenacissima North and South America 54,36
S. vaginata South America 18
S. verticillata Eurasia 36, 54
S. viridis Asia 18
S. vulpiseta North and South America 36, 54

ND ND indicates an undetermined number of chromosomes.
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Table 2 Published genome constitutions of Setaria species
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A/B/C/D FEH AW rh H [ J&—4~53 3¢, X RUIH
HWIRGE KRB, GISH 243843t 36 W i 3 1Y
FE PR AR BEAR i o PR3 2 AN Bl i o] BEAFAE BT 1Y
HERA w24 H B,

Wit 4t BE ¥5(S. arenaria) M REAEH .
Zhao 2PNk [ H E 2w A9 — /S AR PR WA A R o
BT R, HRGOCR S B O MM 2 B R
e, PRI A LA B S L (44 R F)o MR
g ) 2 R AR, SR T e o 2R IR, B
MR BARZ R Z AR BA TR RGO R . AR
ANCHEM M RRE AR YA GISH 458 XRS5
BEACA AT, FRATTRE FL I DR 20 1 S R B i Ab o R b
TR (ER 2 FE 1),

Species name Origin Accession number Chromosome number Genome constitutions
S. viridis Hebei, China NO033 2n=2x=18 AA
S. viridis Russia 09005 2n=2x=18 AA

9 Qing 9 Hebei, China NO11 2n=2x=18 BB
S. adhaerans Spain 02448 2n=2x=18 BB
S. adhaerans Hawaii, USA 25001 2n=2x=18 BB
S. grisebachii Mexico 03001 2n=2x=18 CcC
S. queenslandica Australia PI1316342 2n=4x =136 AAAA
S. lachnea Australia 11001 2n =4x =136 ccee
S. verticillata France 08006 2n=4x =36 AABB
S. faberi Russia 02005 2n=4x =136 AABB
S. glauca USA 04004 2n=4x =136 X (DD)
S. glauca Japan 04002 2n=8x=72 X (DD)
S. plicata Kunming, China 25001 2n =4x =36 X (EE)
S. palmifolia Kunming, China 26001 2n =6x =54 X (EE)
S. arenaria Kunming, China 27001 2n=6x =54 X (FF)

X

X indicates that the species contains a novel genome but genome constitution is still undetermined.
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The capital alphabet following the species name indicates the different copies of each gene in the corresponding species, and six genomes

(A-F) are identified and distinguished from each other.
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K3 CEEMEARTHRENREE
Table 3 Identified naturally mutated herbicide-resistance Setaria species

Year of the first

Species . . Country Situation Active ingredients Site of action
identification
S. viridis 1988 ( ) Barley Ethalfluralin
Canada (Manitoba) Wheat Trifluralin Microtubule assembly inhibitors
S. viridis 1991 ( ) Barley Diclofop-methyl
Canada (Manitoba) Wheat Sethoxydim Acetyl CoA carboxylase
Tralkoxydim
S. viridis 1992 ( ) Barley Diclofop-methyl
Canada (Manitoba) Canola Sethoxydim Microtubule assembly and acetyl
Tralkoxydim CoA carboxylase inhibitor
Trifluralin
S. viridis 2001 ( ) Maize Flucarbazone
Canada (Ontario) Soybean Imazethapyr  Acetolactate synthase inhibitor
Nicosulfuron
Pyrithiobac
S. viridis 1982 France Maize Atrazine 11
Photosystem II inhibitor
S. viridis 1987 Spain Maize Atrazine 11
Photosystem II inhibitor
S. viridis 1989 ( ) Sunflower Trifluralin
USA (North Dakota) Wheat Microtubule assembly inhibitors
S. viridis 1999 ( ) Maize Imazamox
USA (Wisconsin) Soybean Acetolactate synthase inhibitor
S. verticillata 1992 Spain Maize Atrazine 11
Photosystem II inhibitor
S. faberi 2003 ( ) Soybean Imazethapyr
Canada (Ontario) Acetolactate synthase inhibitor
S. faberi 1987 Spain Maize Atrazine 11
Photosystem II inhibitor
S. faberi 1984 ( ) Maize Atrazine 11
USA (Maryland) Photosystem II inhibitor
S. faberi 1991 ( ) Carrot Fluazifop-butyl
USA (Wisconsin) Maize Sethoxydim Acetyl CoA carboxylase
Onion
S. faberi 1999 ( ) Maize Imazethapyr
USA (Wisconsin) Soybean Nicosulfuron Acetolactate synthase inhibitor
S. glauca 1997 ( ) Soybean Imazethapyr
USA (Minnesota) Acetolactate synthase inhibitor
S. glauca 1981 France Maize Atrazine 11

Photosystem II inhibitor

5.1 >
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