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S A ML) B UR 1R R A R R AT IAGAE N S 42 ST ]
WP REE B REENEN. ESmng T Ey
(>25 30, Z1452500F B A 8 73 2k 58 A YL AR
IR AR, AT AT ERO0% ) £ F R B AN B
JoE SRR S K AE . /INZE N K S D HURAVE) (<30
FiARER. K2 HARAE YL CLT4EH", 9k
RAVEY) . 558 A RIED), PRl BOR, (A2 RO RHL
L ZRE X (AR, A R TR YA 1 B A A A
pennycress (Thlaspi arvense L.)[zl’zz], intermediate
wheatgrass (Thinopyrum Intermedium)™", 37 i (So-
lanum  pimpinellifolium)***, Hi##k(groundcherry,
Physalis pruinosa)[%], Hairy stork’s bill (Erodium
crassifolium L Hér) > F1 5 Y5 DU A5 14 57 4E F8 (Oryza
alta) V% Z FVEYI YLK ) 5 8AE L ERT 72 2 9,
BN FWEVILE B 1« T 245 F0 E I 1 55 J7 1 X )48
R, (H—BSCgRZRmER. KiK. E5. &
SEFE YA RE TR AR AR AR R R kA2 gir
(REE5E « SRR PR il B R FE T ) ] (045 2 a5
DA S 5 DR G 8 B AR PRI RR St 20 O B A R A 1 B 15
SHREYIE IR T A st R IR Hh
PRI AN S5 DU A5 AR 7K R (4K HE DA I D9 9 LY R ) R
TR B A= R I S IR 3R G T AR B Bt F T

fgi124-2628
FEACTT VB, Yo AT VB AR 2 0

R WKMEEE LR TR R LR

20077km’, 25 5 LI RL920%0Y, & S B v
(70 25 S B 40 A0 b b B 500 R 6 7 2
XA BEA R E . W% (Agriophyllum
squarrosum; 2n=18):&— A A 1T B WA AHEY),
Iz oA T REI T F RS R X msh
WBLER g SR YR T, IBFRYD K (sand rice),
BRAm, BEaEAR. ZAMEDIRMIUEY)
5, A LAAIE 2 A “Queen of Superfoods” 12252 (Che-
nopodium quinoa) IR Yk & B T IR A,
RAEREHAHOCE - MEENERIS, sk
SR T [T 17 A B BT 322 b X F) 4% Nz D074 g
R PR AR B R A THT AR TR TR A3 v DR R —Fh ok
AR EAEYD,  DARI A5 A8 A o 2 AR B 22 4 (1) 52
O R AATTH 2 38 K P A 7 o it 75 22

1 PRRIZEZIE IR

#ERERFREMER NSNS EN, &5
F DREIEIR. Wt E . AR 7 i A R
HWR, B IR A P, R Ry R
T K EAR TS ELN22.87%, B T3E
(14.18%; P=3.81x107"). ¥k rh Fe W g IR 1)
SEEERTEEP<0.01), MHARRKSEKTEE
#(P<0.05), HpofbfRa g, WaEiR. Hma
R, KNRR. HER. BRARMNGEIRE NS &L
Wk MH S h g it 2 R AR R, s
5 5 HLEAZ % (late embryogenesis abundant pro-
teins) i 32 2 MIVD K B & MR BR I £ B R R 2 —1. 0

Table 1 Proximate compositions and nutritional contents in sand rice seeds and quinoa grains

EIRARK Wk ik P [SCS IR A5

EAR (%) 22.87+3.09 14.18+2.44 3.8x107" Student’s ¢ test [40,44~46]
WoKED (%) 53.87+5.69 67.32+7.92 0.035 Student’s ¢ test [40,44]

JEWT (%) 8.79+1.16 5.99+0.86 1.1x107° Wilcoxon test [40,44~46]

Koy (%) 4.32+1.42 3.44£0.70 0.073 Wilcoxon test [40,44,45]

KA (%) 8.78+0.53 8.95+1.85 0.75 Wilcoxon test [40,44,45]
HE L (% protein) 1.81£0.35 2.45+0.47 0.028 Wilcoxon test [40,44]
MR (% protein) 7.56+2.82 4.70+0.99 0.0044 Wilcoxon test [40,44]

FHER (% protein) 4.03£0.57 3.10£0.81 0.0018 Student’s ¢ test [40]
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(69.34%)~ THER(16.04%)FP FRHER (3.97%) %5 A A g
iR A VD R R (6 R 4y, o B 8990547,
VoK RIHE A R B, AL R A, Rk
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HAHRRY], WARMB LN TAGH A il B
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oxygen species) I R MR AL SLIR R,
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Mlp-Smad2/3%5 H AR IL, FEPUH K T TGF-
B1(transforming growth factor B1)JIHIE RN, A
RAMH TR LX2) B i R =,
IR A P AT AR SR R ) 2k, R Wiz Ak
R NBIE AT T 4Rtk se S e,

2 PEYMERII AR TR

VB SRIANTD e B, HRE RS
v A A e Y AN A R DL
FRIE BRI R R AR I ST 5
BB IX YL, FHUGILA. T AN Sk AR S e e
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IO R R RAN TSGR DAL U X R 1
R s, CRBRE) (ARG AR (N3
P E) M (R ERFEREE) SEHEEBO R
Hu DA 1 Vb oK AE B Sy @A T 1 8 TR DR ST
R, ks, TEI MR, RIURSEC i (R
R JURBR P ) X vb oK )& F 7 SN A OIS I I
SRR A A A, REB A EE N
03K, MR W E MG RV ER R FRE. B ALED 8
EIREA LVERIE? N T R, AR
JE& T VDE (O SCHRIRBIE LA S 70 K ik sk i Y. 7
PIsESCHR YO IXHBTT AL R i AR e T
FEVDIE, RO

BT U ERIII SCER TR AE S TR, 20104F A
B FIT b s L B R . IR YIME IR H
P TAE. 20144E1E [E bR 1T Genetic Resources and Crop
Evolution FHRNA T T 70 ERBR IR,
BYWAMBZ LEEFRYEE UL AHT &%
5, JRRGMIE T W EYIME T I BARRR R 5
PR RGN AN, AT R E R
A 2H 255§ AT BE B ) Landscape Blog for People, Food
and Nature (http://peoplefoodandnature.org/blog/sand-
rice-a-potential-food-crop-for-climate-change-impacted-
landscapes/ )[F3#E, fE1% % KK 7 1#3C: “Sand Rice:
A Potential Food Crop for Climate Change Impacted
Landscapes?”. [F]5 A [F AR VD3 5% s A, ik
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Table 2 Information of the 71 sand rice natural populations that our group has sampled seeds

KAE R SCATR ZiEN) Z % (E) YOI B
i uNE | 29°14'13.56" 88°56/33" A RN LI I [
PE R4 2 29°1621.72" 91°4523.04" AT L A 6 58
PHs AR 29°17'30.84" 92°4'52.32" A BT [
PHIIF AR 2 29°19"20.28" 90°42'1.44" B PR AT LI 3 i
P U VA SR 4 29°19'30.36" 91°29'56.4" B PR AT VLI 3 [
PEIBUREAR 2 4 4LSF 29°19'58.80" 91°7'7.32" S AT LI i
PEIRIE AR TR N 29°203.12" 90°54'28.80" RN IIE P
PE A 2R 29°22'45.84" 90°54'31.68" AN RC (i
e i duN 7)es 35°16'20.64" 114°10'57.72" SEEEDH G|
TEHREAATE 35°17'33.72" 114°9'36.36" SEHLYDH G|
SEFHRE A L 35°18'51.48" 114°9'17.64" SEF D G|
Biis 36°10'1.20" 100°34'8.4" FERNZE D g
# 36°1821.60" 98°7'26.40" AN ZE b Hilg
FAALSEREAA A 36°34'32.52" 82°16'53.40" B T b By o
bR AT H 36°47'44.16" 81°54'23.04" P& T hr By B
FA AL SRR AN H 37°12'19.44" 79°57'59.76" B2 R e e
R AL EREA Rz L 37°14'19.68" 79°1'2.28" B R Ty e
SRE 37°2210.12" 104°8'8.16" JHs A B VD5 HR
WAk B 37°26'58.56" 104°59'35.16" [Hs A FLY DI TH
WHkK 37°27'54.00" 105°1'1.2" JH A B VD5 TH
FA AL SEHEAR I 4k 37°48'33.12" 77°38'38.4" B R Ty e
BYREE 37°49'33.24" 106°53'22.2" EL R e
BYRNM 38°1'58.80" 106°36'59.04" BY R e
BYRE 38°3'40.68" 106°34'15.60" BLRIPE e
FRAG e 38°10'0.48" 107°31'3.72" BY R e
ELERH 38°10'5.52" 107°32'1.68" BE R Ea
B R 38°11'42.00" 107°37'52.68" BY R e
FEME 38°16"21" 107°48'57.96" BE R Ea
BE R 38°22'39" 107°3572.4" BY R e
5 38°29'5.99" 108°46'1.92" EL R e
& L 38°4529.39" 102°59'14.93" JH A EL DB HW
EBERDW 38°47'15.36" 106°20"31.20" 5 Z A R THE
W L2 L e e 38°52/2.28" 106°46'9.12" 5 2 A A THE
EBYRAM 38°592.4" 106°54'12.96" 5 2 A AR TH
BT 7 35 A JE T 1L 39°15'0.36" 101°4032.16" L bR S
[pESEria 39°17'16.80" 100°213.60" P 35 AR HW
B AL ERAEAR R FC 39°41'54.60" 80°59'9.6" LT B
FERG YL 40°5'42" 94°39'10.80" PEARIERG VD H
FUSFUE LA 40°6'23.67" 94°40'14.69" JEAREEHE Vi Hw
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Figure 1 Schematic of sand rice domestication
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REBE: ARl 2023 4F 53 % A4

I57% RED K 28 =8 [RZ

Bl 2 Wbl AoRsr. A S 22ubig bbb AR, B: AR ZHEFTR R 20 TBOK IR Co Y3kl vb iy SERERE; D: 6 MR &
T B S (BRI, AN E) R R 2 5 3 (n=6, P<0.05); E: BOGKTYD ¥ 1 T WR K 0 s min (& e s ™). Zeii3tk
N GAE B (LEDAT K470 nm) VD 2 18, A3 8 s IV |, sPalbs RO em

Figure 2 Introduction and cultivation of sand rice. A: A sand rice plant in loess soil at Gaolan station; B: a part of shoot within the red rectangle in A
is enlarged to show the axillary spikes; C: a sand rice plant in sandy soil at Shapotou station; D: seed yields of six independent sand rice lines (n=6),
original data were from ref. [85]. Different letters show the significant differences at P<0.05. E: The effects of blue light on hypocotyl elongation of
sand rice seedlings (image resource is from ref. [93]). The left three seedlings are under blue light treatment (470 nm), and the right three are under

white light condition. The scale bar is 1 cm

= 7100 ke A7 (12D).

5 VEREMARES

AHIBAE I 6N K H T RIX (240, =2 MK
VT RXOEE REAIDI K AR, 83
EENIMESEE G, T20165E1E if E R 5240k
FERE T W RlINGE RV PPAl AR, &0k RIGRF R
£ 1.87~2.34 mm, THRiHE N1.15~2.89 g, HbkF 772
BM22.74~85.20 g, WRTEHM0.08~0.20, fhiil =&

28.54~129.55 g/m™™. Hirh, Sk BT RIX R E A
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RAREK, WRFa ™. SCREER Y, W M4 AT
FEEAIAESE AR LT ROK. FHARIN/NEE(AD 1850~
1900) LA % [ F €M 32 2 197 B(50~100  g/m*)* LA
FH2Y. SR BRI R 2 4k RERE R ZRIRIR T,
PR, RVELEENRRERR, WA oNERES
(GX-1). 20214, 5t 22 bR 55 SE s £ W, GX-1
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Bl 3 WERRSRET. A DEFERRDHITIE; B: GX-1, #/UH10 em; C: GX-2, #7/UHS em; D: £ Bk RAsecll,
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Figure 3 Cultivar breeding of sand rice. A: Screening of mutant lines in sandy soil; B: GX-1, scale bar is 10 cm; C: GX-2, scale bar is 5 cm; D:
Agriophyllum squarrosum trichomeless1 (Astcll), scale bar is 0.5 cm; E: GX-3, scale bar is 10 cm; F: dwarf1, scale bar is 2 cm; G: top spike line GX-4,

scale bar is 1 cm
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De novo domestication and preliminary cultivar development of sand
rice (Agriophyllum squarrosum), a sand dune pioneer species

ZHAO PengShan1’2’3, RAN RuiLan1’4, LI XiaoFeng1’4, SUN Hong1’4, ZHAO JieCai1’2,
ZHAO Xin"” & CHEN GuoXiong'”

1 Key Laboratory of Stress Physiology and Ecology in Cold and Arid Regions, Gansu Province, Northwest Institute of Eco-Environment and
Resources, Chinese Academy of Sciences, Lanzhou 730000, China;
2 Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences,
Lanzhou 730000, China;
3 Gaolan Station of Agricultural and Ecological Experiment, Northwest Institute of Eco-Environment and Resources,
Chinese Academy of Sciences, Lanzhou 730000, China;
4 University of Chinese Academy of Sciences, Beijing 100049, China

The comprehensive utilization of desert plants and sandy land resources is of far-reaching significance to the eco-civilization progress
and food security in the arid region of northern China. The pioneer species Agriophyllum squarrosum is broadly distributed on the
mobile sand dunes in the arid and semi-arid areas of northern China. Its seed, also called sand rice, has well-balanced nutritional
values and has been consumed for more than 1300 years. In 2010, our group first initiated the domestication research of sand rice by
investigating the various historical literature and food consuming records of sand rice. Genetic modification and breeding are
currently dependent on natural populations and artificial mutagenesis. A few modified lines with better agronomic traits have been
initially isolated, laying a material foundation for further cultivation evaluation in different areas and cultivar declaration. However,
the speed domestication of sand rice still requires systematically analyzing phenotypic variation among different germplasms, the
establishment of a genetic transformation system, and isolating elite lines with a synchronous germination rate and strong seedling
vigor.

de novo domestication, Agriophyllum squarrosum, sand rice, desert plant
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