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Abstract. The geographical distribution, origin, and dispersal of Leymus Hochst ( Triticeae,
Poaceae) were studied through field investigation, specimen collection, literature review, and
comprehensive analysis of geological, climatic, and evolutionary relationships between
groups. Results showed there were 53 species (including varieties) of Leymus belonging to
three sections, mainly distributed in Eurasia and North America. In China, there were 40
species (including varieties) of Leymus belonging to three sections, mainly distributed in the
northwest, north, northeast, and southwest regions of China. Leymus species mostly
concentrated in these areas. The most abundant region for sections (three) and species (22)
was in the Altai area of northern Xinjiang and the Tangut region of the northeastern Qinghai-
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Tibet Plateau, which included the most primitive and the most advanced in the genus,
suggesting that this area was probably the distribution center of Leymus. The Altai area also
possessed many primitive taxa and outgroups of Leymus, and hence was likely the region of

origin sometime during the Oligocene. The climate and environment changed dramatically with
the uplifting of the Qinghai-Tibet Plateau at the end of Oligocene, and thus the genus further
developed and differentiated into other areas of China undergoing significant geological
activities. Therefore, the geographical distribution pattern today formed mainly through two

stages and three path diffusions.
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Fig. 1 Distribution of the genus Leymus
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Fig. 2 Distribution of Sect. Racemosus
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Fig. 3 Distribution of Sect. Leymus
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Fig. 5 Main dispersal routes of Leymus in China



5% 3 X TP M 0 M4 S AR IR A 315
60°
30°
0° 30° 60° 90° 120° 180° 150°  120° 90° 60°
E6 HMABEBREEMNEIZHGES
Fig. 6 Main dispersal routes of Leymus in world wide
é}%ifﬁk Cai LB, Su X. Taxonomic notes on the genus Leymus

(1]

SE, XUEDE, BRSO, A R A 3 2 B K F A A
AR J ] PP, 2013, 21(5) ; 471-478.
Su X, Liu YP, Chen WL. Taxonomic review of Leymus
(Poaceae) [ J]. Journal of Tropical and Subtropical Bota-
ny, 2013, 21(5) : 471-478.

BRI, R FIAR. ARG i R A o i B B A G
IR R FR(J]. PHALhi Y o4, 2006, 26(3): 537 -
543.

Cai LB, Zhang TL. Genetic relationship between Leymus
and its related taxa in terms of the anatomical characteristics
of their leaves [ J ]. Acta Botanica Boreali-Occidentalia
Sinica, 2006, 26(3) : 537-543.
. N R R GG AR TS
2, 2009; 25-27.

Su X. Studies on the systematics and evolution of Triticeae

DJ. dbxt: HEBARE K

(Poaceae) [ D]. Beijing: University of Chinese Academy
of Science, 2009. 25-27.

FAE, FAt G, FRE /N WAL PP I 25 Al B R I e 2
RAMEN[J]. ALY 24, 1981, 1(1): 12-19.

Kuo PC, Wang SJ. Researches on the evolution of the
inflorescence and the generic relationships of the Triticeae
in China[ J]. Acta Botanica Boreali-Occidentalia Sinica,
1981, 1(1) . 12-19.

Ettb, FAIE. ANERRAL R IERE M R R [ J ]
PEIb R AR, 1982, 2(1) . 8-17.

Wang SJ, Kuo PC. Researches on the origin of the
inflorescence and the tribe relationships of Triticeae [ J].
Acta Botanica Boreali-Occidentalia Sinica, 1982, 2(1):
8-17.

SRERIN, JR0. R R 194 KB [ J]. AT,
2007, 27(26) : 652-660.

[9]

[10]

[11]

[12]

Hochst ( Poaceae) from China[ J]. Bulletin of Botanical
Research, 2007, 27(26) ;. 652-660.

Chen SL, Zhu GH. Leymus Hochstetter [ M ]/ Wu ZY,
Raven PH, eds. Flora of China: Vol. 22. Beijing: Science
Press; St. Louis: Missouri Botanical Garden Press, 2006
387-394.

B, b Ae v ED R AR Y 02 oA B0 A6 5T
[J]. Hi#WF5E, 2005, 25(1) : 23-25.

Zhi L, Teng ZH. Classification and geographical distribution
of Leymus in China[J]. Bulletin of Botanical Research,
2005, 25(1). 23-25.

Bt , mRR. NEREYRGY
Al H Rt 2011,

Yen J, Yang JL. Biosystematics of Triticeae: Vol. 4[ M].

4 E(M]. dLet: b

Beijing: China Agriculture Press, 2011.

Yen J, Yang JL, Bernard RB. Synopsis of Leymus Hochst.
(Triticeae; Poaceae)[J]. J Syst Evol, 2009, 47(1) . 67—
86.

Liu ZP, Chen ZY, Pan J, Li XF, Su M, Wang LJ, Li HJ,
Liu GS. Phylogenetic relationships in Leymus ( Poaceae:
Triticeae ) revealed by the nuclear ribosomal internal
transcribed spacer and chloroplast trnlL-F sequences[ J].
Mol Phylogenet Evol, 2008, 46(1) . 278-289.

BRI, Sk R B R (RARL) PSRRI T
[J]. #i5r26244k, 2007, 45(3): 376-382.

Cai LB, Zhang TL. Taxonomic notes on two taxa of Ley-
mus ( Poaceae) from China[J]. Acta Phytotaxonomica
Sinica, 2007, 45(3) . 376-382.

SRIRIT, SRR [ 7 R B R S AR A [ U]
FHYIFST, 2005, 25(4) ; 400-405.

Cai LB, Zhang MN. Leaf epidermal characteristics and

classification of sections of Leymus from China[J]. Bulletin



316

Hi W B2 o2

iz

%535 %

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[27]

of Botanical Research, 2005, 25(4) . 400-405.

sk, RN RS SR [ D], %, Mk
k2, 20083,

Yang RW. Studies on systematics and evolution of Leymus
(Poaceae; Triticeae) [ D]. Ya'an; Sichuan Agricultural
University, 2003.

SRIESF-, AT, /NAE AT ) 4 R IR S % R R B R T R
[J]. PHALAES AR, 1991, 11(2); 159-169.

Guo YP, Kuo PC. Studies on relationships among the
genera and phylogenesis of the tribe Triticeae [J]. Acta
Botanica Boreali-Occidentalia Sinica, 1991, 11(2) . 159-
169.

Dewey DR. The genomic system of classification as a
guide to intergeneric hybridization within the perennial
Triticeae[ J]. Stadler Gen Symp, 1984, 16. 209-280.
Love A. Conspectus of the Triticeae[ J|. Feddes Repert,
1984, 95. 425-521.

Stebbins GL, Walters MS. Artificial and natural hybrids in
the Gramineae, tribe Hordeae. 1. Hybrids involving
Elymus condensatus and E. triticoides[J]. Am J Bot,
1949, 36(3): 291-301.

Dewey DR. Genome analysis of hybrids between diploid
Elymus juncea and five tetraploid Elymus species[J]. IntJ
Plant Sci, 1972, 133(4) . 415-420.

Wang RR, Jensen KB. Absence of the J genome in
Leymus species ( Poaceae: Triticeae ). evidence from
DNA hybridization and meiotic pairing [ J ]. Genome,
1994, 37(2) . 231-235.

Nevski CA. Genus Aneurolepidium Nevski[ M]/ Komarov
VL ed. Flora of the USSR: Vol. 2. Leningrad: Nauka,
1934, 697-711.

Tzvelev NN. Zlaki SSSR (Poaceae URSS) [ M]. Leningrad.
Nauka, 1976, 176-189.

Winkler H. Verbreitung und Ursache der Parthenogenesis
im Pflanzen und Tierreiche [ M]. Jena. Verlag Fischer,
1920, 23-45.

BRLIAL. E F2 A E SR AR M]. dbat: RlAE
JiRit, 1959, 429-434.

Keng YL. Flora lllustralis Plantarum Primarum Sinicarum.
Gramineae[ M]. Beijing: Science Press, 1959. 429-434.
BAIE, ETIIR. PEAEYIE: 9%, B3 il BiER
[M]. dext. RlEshipit, 1987 15-22.

Kuo PC, Cui NR. Flora of China: Vol. 9 (3). Leymus
Hochst. [ M]. Beijing: Science Press, 1987. 15-22.
XUZE. BEIR[ M)/ ARG, WU S5 &, duat: B
Rk, 1987 15-22.

Liou L. Leymus Hochst. [ M]/ Wu ZY ed. Flora Xizangi-
ca: Vol. 5. Beijing: Science Press, 1987 15-22.
B BEE M)/ SR NS 2%, B5
SRR PERIERE . ASEE AR BB, 1994 150-155.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

Yang XL. Leymus Hochst. [ M]/ Ma YQ ed. Flora of
Innermongolica; Vol. 2 (5). Huhehaote: Inner Mongolia
People’s Publishing House, 1994, 150-155.
FERTT. BRR [ M7 TR, B R He & 56
ARFF . BEERLE TA: A, 1996 213-229.
Cui DF. Leymus Hochst. [ M]/ Cui NR ed. Flora of
Xinjiangensis: Vol. 6. Wulumugi: Xinjiang Science and
Technology Publishing Press, 1996, 213-229.
RGN, iR [M] 7 X R IS 45 T
TR A, 1999 103-108.
Cai LB. Leymus Hochst. [ M]/ Liu SW ed. Flora of
Qinghaiica: Vol. 4. Xining: Qinghai People’s Publishing
House, 1994. 103-108.

g, HRR. TEBREEHAY(J]. sEEY TR,
1983, 5(3): 275-276.
Yen C, Yang JL. New species of Leymus from China[ J].
Acta Botanica Yunnanica, 1983, 5(3) . 275-276.
REFT. FIECRE B J]). PRI, 1992, 12(4) .
343-347.
Wu YH. Two new species of Leymus Hochst. from Xinjiang
[J]. Bulletin of Botanical Research, 1992, 12(4). 343—-
347.
FRIRIN. [ B o 2R REL U] A 42674, 1995, 33
(5): 491-496.
Cai LB. New taxa of Leymus from China[ J]. Acta Phyto-
taxonomica Sinica, 1995, 33(5) : 491-496.
BRI, BB ORJ]. MIFST, 1997, 17(1) . 28-32.
Cai LB. Material for the genus Leymus ( Poaceae) [ J].
Bulletin of Botanical Research, 1997, 17(1) . 28-32.
BRI, 5 UG AR — B A — BB A [ ] R A2,
2001, 39(1). 75-77.
Cai LB. A new species and a new variety of Leymus
Hochst. (Poaceae) from Qinghai, China[ J]. Acta Phyto-
taxonomica Sinica, 2001, 39(1) . 75-77.
SRIIN. v E B R (RAFL) —
JbkE¥aER, 2006, 26(7) ; 1464-1467.

Cai LB. Leymus paucispiculus: A new species of Poaceae

PRI [J]. VY

from China[ J]. Acta Botanica Boreali-Occidentalia Sinica,
2006, 26(7): 1464-1467.
BETRTT . B B Jm B o e (U] M BESE, 1998, 18
(2). 144-148.
Cui DF. New taxa of Leymus Hochst. from Xinjiang [ J].
Bulletin of Botanical Research, 1998, 18(2) . 144-148.
FRAEH. WP EAY X R X B J]. SFES U,
1979, 1(1) . 1-20.
Wu CY. The regionalization of Chinese flora[ J]. Acta
Botanica Yunnanica, 1979, 1(1). 1-20.

R Db TS (M. MR, KRS E L
e BhE AL, 1960 1-240.
Wu LF. An Introduction to the History of Plant Geography



55 3 )

X PRSI JE A B PR K HGER B A 317

[39]

[40]

[41]

[42]

[43]

[44]

[M]. Zhong CX, Zhang MZ, translate. Beijing: Science
Press, 1960. 1-240.

B R TR RI R Y (M B A AT [ U] MW A R
1982, 20(3) ; 257-274.

Lu AM. On the geographical distribution of the Juglan-
daceae[ J]. Acta Phytotaxonomica Sinica, 1982, 20(3) :
257-274.

R BT SR B A 2T T, R L AR AR [ M ] e s
Bleg AL, 1986 178-187.

Xinjiang Institute of Geography, Chinese Academy of
Science. Tianshan Mountain Evolution [ M ].
Science Press, 1986: 178-187.

HAIL. FIH TS AR tml-F FH TR 6 Y Fh i
RGRERFR[JI]. Wk 5&FHK, 2011(2): 10-17.

Dai JF. Phylogeny of six Leymus species inferred from

Beijing:

analysis of nrDNA ITS and chloroplast trnL-F sequences
[J]. Prataculture & Animal Husbandry, 2011(2) . 10-17.
eEle, T, JEEM, MR, K%, 465 /& SSR
HI EST-SSR 51X Jo 46 22 i3 FIPE S AT [ J ] . AL
i, 2014, 32(1) . 27-33.

Chen XN, Wang Y, Pang YH, Chen XH, Wu J, Zhao JX.
Primer transferability analysis on SSR and EST-SSR
markers from Triticum aestivum to Bromus inermis [ J].
Plant Science Journal, 2014, 32(1) . 27-33.

Raven PH, Axeirod D. Angiosperm biogeography and
past continental movements[ J]. Ann Missouri Bot Grad,
1974, 61(3) : 529-6783.

AR, SCHEE, R, EEA, AN, BT, s
SRR A IR BERDE MBI [ J]. PR, 1979
(6) . 608-616.

Li JJ, Wen SX, Zhang QS, Wang FB, Zheng BX, Li BY.
Discussion on the time, amplitude and form of the uplift of
the Qinghai-Tibet Plateau [ J ]. Science in China, 1979
(6) . 608-616.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

WA RO AR 5 7 R SRR [ U] A a2
4%, 1982, 20(4) ; 384-391.

Xu R. The evolution of ancient vegetation and the uplift of
Qinghai-Tibet Plateau[ J ]. Acta Phytotaxonomica Sinica,
1982, 20(4) . 384-391.

FEWIN. LALRE s B A5 [ J ] MY 2EER, 2001, 39
(3). 248-259.

Cai LB. Geographical distribution of Kengyillia Yen et J. L.
Yang ( Poaceae) [ J].
2001, 39(3) : 248-259.
Bowden WM. The taxonomy and nomenclature of the

Acta Phytotaxonomica Sinica,

wheats, barleys, and ryes and their wild relatives[ J]. Can
J Bot, 1959, 37(4) . 657-684.

Bothmer RV, Jacobsen N, Jorgensen RB. Phylogeny and
taxonomy in the genus Hordeum[ C]// Fourth International
Barley Genetics Symposium. Barley Genetics IV: Proceed-
ings of the fourth international barley genetics symposium.
Edinburgh. Edinburgh University Press, 1981. 13-21.
BN, REWLR I A oy A5 [ J ] P ARREA AR, 2002, 22
(4).913-923.

Cai LB. Geographical distribution of Roegneria C. Koch
(Poaceae) [ J]. Acta Botanica Boreali-Occidentalia Sinica,
2002, 22(4) . 913-923.

SRIEAR. B E i R G EWSE[ D). dbat. hEB R R
%, 2009; 98-108.

Zhong TL. Studies on the systematics of Elymus[D].
Beijing: University of Chinese Academy of Science, 2009,
98-108.

FttbG, BRI, @M. RABYE SRS A EEA
WS RG5Z[J]). FAILRUIsE, 1993, 13(6): 1-12.
Wang SJ, Cai LB, Li JH. The basic types and systematic
classification of vegetative structure ( Gramineae) [ J].
Acta Botanica Boreali-Occidentalia Sinica, 1993, 13(6) :
1-12.

(PTG 5K F)



