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Differentiation of the S,Y genomes in Elymus species as referred by meiot-
ic pairing in interspecific hybrids and its evolutionary significance
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Abstract. Hybridization-differentiation is a major pathway of speciation and the active force of plant evo-
lution, including homoploid speciation without change of chromosome numbers. Effective isolation be-
tween parental species and their hybrid derivatives plays an essential role in homoploid speciation for sta-
bilizing a newly formed species. Studies of isolation mechanisms will facilitate our understanding of the
speciation process. The genus Elymus of Triticeae ( Poaceae) includes ca. 150 polyploid species with dif-
ferent genomes, viz. the SH, SY, SHY, SPY, and S WY from different origins, providing an ideal
group for studying mechanisms of polyploid and homoploid speciation. There are about 30 tetraploid spe-
cies containing the 5, Y genomes distributed in temperate Asia and the eastern margin of Europe. In order
to study genomic relationships of the S,Y Elymus species, samples representing 26 species collected from
Western through Eastern Asia were extensively hybridized with each other. Meiotic pairing at metaphase-
I of the intra- and interspecific hybrids was analyzed, which revealed a significant differentiation pattern
in homology of the S| Y genomes among Elymus species studied.
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Species from the same regions, e. g. within eastern or western Asia, shared the S,Y genomes with a
relatively low level of differentiation, but species from different regions, e. g. between eastern and weslt-
ern Asia, shared substantially differentiated S, Y genomes. Species from Central Asia contained intermedi-
ately differentiated S,Y genomes compared with those from western and eastern Asia. The discovery of ge-
ographical differentiation of the S|Y genomes in tetraploid Elymus species has significance for study of ev-
olutionary processes and mechanisms of homoploid speciation in Elymus. In addition 1o other well-recog-
nized factors responsible for the isolation between parental species and their hybrid derivatives during the
hybridization-differentiation process (such as temporal, spatial, genic, and ecological isolation) , the au-
thors believe that meiotic irregularity caused by genomic differentiation between species also provides an

important mechanism for homoploid speciation.
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Fig. 1 Geographical distribution of the tetraploid Elymus species containing the S, Y genomes
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Table 1 The S,Y genome Elymus species included in the study with information on their general distribution
i 5 FES ke i
Species Code Accession No. General distribution
E. abolinii aboli H4104, 18240, H3192, H3288, Rl fkALAR B HARSR MR B= Fa I8, 75 /K 75 SR b i
H3289, H7535, H3306, Northemn parts of the Tianshan range and adjoining mountain ranges
H8490b,  H3210, H8495b,  in Kazakhstan, Kirgizia, and Xinjiang of China
H8486
E. altissimus altis H9035, H9034 A = )1 EF R
Southern Sichuan of China
E. anthosachnoides antho H9054, H9047, H9060 R E )RS
Southern Sichuan and Yunnan of China
E. antiquus antiq  H8371,  H7107,  H7196, HE)I E%. SR, BHR
H7112a, H7324, H7093, Sichuan, Qingbai, Yunnan, and Tibet of China, and Nepal
H7087, H7314
E. brevipes brevi H7120, H7121, H8147, FED)]. FEFTERE
H8250b, H8327, H8235, Sichuan, Qinghai, and Tibet of China
H8364, H8237hb, H8981, H7181
E. burchan-buddae burch Y361, Y776 H7825 FEHH R HE U SE MR, BIEK, BN
Gansu, Xinjiang, Qinghai, Sichuan, Yunnan, and Tibet of China,
Nepal, and northern India
E. barbicallus barbi H3267, H3268 A ] ZAVER
Northeast of China
E. cacuminus cacum HR388, H8282, H8240, H8283,  H{E Pu/i| FIVG 8K, BIH /R, H&
H8240 Sichuan and Tibet of China, Nepal, and Sikkim
E. caucasicus cauca H3207 R AT WU . B R bk, WL R, BT ZEFE R, B
L EE AT
Europe: Daghestan; Asia: Caucasus Mountains, Armenia, Azer-
baidjan, Iran, and Turkmenistan
E. dolichatherus dolic H8024 , H8033 o (= g )i
: Sichuan of China
E. fedischenkoi fedts H4040, H7535 Bl 7R ZR AR 1 L B T AR AR 1 Bk
Altai and Tianshan Mountains south o the mountains of Kashmir
E. gmelinii gmeli H7599, H8495a FERFIT , B, 32 D B AR A B AL
Siberia, northern China, Mongolia, Russian Far-East, and north-
ern Japan
E. jacquemontii jacqu  H8276 B
’ The Himalayan regions
E. longearistatus longe H4116, H4118, H4123, H3275, FRBAAGES, & H AR R
H3276, H3277 Northern Iran, Turkey, and southern Turkestan
E. nakaii nakai H7386, H7316, H7322, HT371 efea i ik
Central and northern China
E. nevskii nevsk H3305 12,9 B FE B FEE T TR B K 1L ER R
Western and southern parts of Tianshan Mountains in Uzbekistan
and Tadzhikistan
E. panormitanus panor H3279, H4152 WA < A3 Ht P, B R S IR B BEOR s W s R H G, A

B, B, RS JL R AR BT L

Europe; Eastern Mediterranean, the Balkan area, and Crimea; A-
sia: Turkey, Jsrael, Lebanon, northern Iraq, and northwestern I-
ran.
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&1 (&) Table 1 (continued)
ha R RES S A
Species Code Accession No. General distribution
E. pendulinus pendu  H3357, H8986, H3192, H7272, W§EG{AF T, & EILHE, 3¢y, B JUE AR H AL H (JLigE
H7277, H7342, H7890 A )

Southern Siberia, northern China, Mongolia, Russian Far-East,
and northern Japan ( Hokkaido and Honshu)

E. praeruptus praer H3282 Kl fx
Tianshan Mountains

E. retroflexus retrof H8391, H8384, H8329 2eXES KT
Tibet of China

E. sclerus scler H8136 o = R I Y
Shaanxi and central China

E. semicostatus semic H4002, H4058, H4104, H4109, FHHPHE LRG0 B TdCERMAI T, B EATHILEE, BIEdL

H3287, H4130, H3286, H3288  SMUBIA/RAT AR

Southern slopes of the Himalayas, northern and northeastern Af-
ghanistan, northern Pakistan, northern India, and East and Central
Nepal.

E. shandongensis shand H3202, H3205 FERE
Eastern China

E. tibeticus tibet H7101, H7105 H8361, H8366 REILE MR
Northern and central China

E. validus valid  H40T8, HA4100 R AR, E AR AL AR , 55 K ACRIED LA
Western parts of the Himalayas, northern Pakistan, Kashmir, and
northern India.

E. yangii yangi H8236, H8341, H8342, H8356 EHENIT
Tibet, China

IR AT R, 5 Fm sy b -1 i e,
BT Rk AT BRI . R — 2B T -
24> Fy HEBRHEAT 5007, B — AR L 50 - 100 /N
Roor 2 301 40, SR AT Y 6 (R BE X 20 B IS5 3
PAZSFR F, 85053 24 o -1 44 40 i b 1) 7 34 40y
R AR A 1A BB A 2R L e B 1A S B
Ve FIWT 4 Rk S Y 225 R 40 8 Y5 b v (Lo &
Bothmer, 1990a, b),

B2 F o s R — M (R B I 45 4 B
38 XUELABK FS B 85 ( Euclidean distances ) AT & L Fh
P, ZIRREE REGE R, A UPGMA MBE B R ¥
FEREHEAT TR AIHT LA HE T 1 45 2 b 22 o] e £ A AT
Xt 6E 1534k
L4 FHMEESH

TAF F, FEAE BN, O BB s T A 2%
(cotton blue) fpyufs, 1 h LA b, 554 6] Be ¢ 16 5
TR, WK &R F, BRORIESE , 55+ 2 2
SR LATERIRL A AT Y (M RRR 78 R 45 9 ke

HZTE PR FI AR o
2 BRE5HH

2.1 FiERTERMRAFHEY

B SY BE DR 2 05 {45 8 B %y el fg ol ) A
WAFE BB Z B 2R S R LK 2, Ze S
REHT 6200 ZHER/IMERIZAE T8, B R 1
AR, ZR3CE M, & S, Y B[ 41 (0 D04 i bt
BB R R 2 o) A M X B s B e RS S S R H A e
TRK s B3 25 L B o 1] LAGA B 100% |, T SARAL K
4.8% , FHNAIE EBERAE VR A 2 0 2 S IR —
EREF TR ELAR, 28T H 2
KRB, MR LR MR AR A S P
BORHAE S5, T HL AR5 SERAEMR AR E |2 fie
SRHISNFLRAE 5 JRE IR B 23 A A
P IR 2R B R , DR I 2450 o [ 0 T 2 5 1ok 3k 30 e
BRI Z B RG L RERTER,

FIVAS DU A 9 B8 o 1) 2 e ) 2B 20 9 R BB TE 2
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Table 2 Results of interspecific hybridization among the S,Y genome Elymus species( including reciprocal crosses )

RAHE
Hybrid combination

BB ERH TR LER
No. of florets
pollinated

B
Average and range of
crossability (% )

E. abolinii x

E. altissimus %

2]

E.

E. antiquus x

E. burchan-buddae x

E. brevipes x

E. cacuminus x

E. caucasicus x

E. dolichatherus x

E. fedtschenkoi x

E. gmelinii x

E. jacquemontii X

E. longearistatus X

E. nakaii x

E. nevskii x

E. panormitanus X

E. pendulinus x

E. retroflexus %

E. shandongensis X

E. tibeticus x

E. wvalidus x

E. yangii X

anthosachnoides x

E. anthosachnoides, E. brevipes, E. cacuminus, E. fedtschenkoi, E. pendu-
linus, E. praeruptus, E. semicostatus, E. yangii

E. altissimus, E. antiquus, E. burchan-buddae, E. caucasicus, E. jacque-
montii, E. longearistatus, E. semicostatus, E. tibeticus, E. yang

E. abolinii, E. altissimus, E. anthosachnoides, E. antiquus, E. barbical-
lus, E. brevipes, E. caucasicus, E. gmelinii, E. longearistatus, E. penduli-
nus, E. retroflexus, E. sclerus, E. semicostatus, E. tibeticus, E. yangii

E. abolinii, E. altissimus, E. antiquus, E. burchan-buddae, E. caucasicus,
E. gmelinii, E. panormitanus, E. pendulinus, E. sclerus, E. semicostatus,
E. tibeticus

E. abolinii, E. altissimus, E. anthosachnoides, E. antiquus, E. barbical-
lus, E. brevipes, E. burchan-buddae, E. caucasicus, E. gmelini, E.
longearistatus, E. pendulinus, E. retroflexus, E. sclerus, E. tibeticus, E.
yangi

E. abolinii, E. altissimus, E. antiquus, E. brevipes, E. burchan-buddae ,
E. caucasicus, E. gmelinii, E. jacquemontii, E. longearistatus, E. panormi-
tanus, E. retroflexus, E. shandongensis, E. semicostatus, E. tibeticus, E.
yangii

E. abolinii, E. altissimus, E. antiquus, E. caucasicus, E. gmelinii, E.
pendulinus, E. semicostatus, E. shandongensis, E. tibeticus, E. yangii

E. abolinii, E. anthosachnoides, E. antiguus, E. barbicallus, E. brevipes,
E. burchan-buddae, E. cacuminus, E. gmelinii, E. jacquemontii, E.
longearistatus, E. sclerus, E. semicostatus, E. tibeticus, E. yangii

E. anthosachnoides, E. antiquus, E. barbicallus, E. panormitanus, E.
semicostatus, E. tibeticus

E. gmelinii, E. nevskii, E. praeruptus, E. semicostatus, E. validus

E. abolinii, E. anthosachnoides, E. antiquus, E. brevipes, E. burchan-bud-
dae, E. cacuminus, E. caucasicus, E. nakaii, E. shandongensis, E. tibetic-
us, E. validus

E. altissimus, E. anthosachnoides, E. antiquus, E. barbicallus, E. brevi-
pes, E. caucasicus, E. semicostatus

E. altissimus, E. anthosachnoides, E. antiquus, E. brevipes, E. cacuminus,
E. longearistatus, E. retroflexus, E. semicostatus, E. tibeticus, E. yangii
E. gmelinii, E. pendulinus, E. tibeticus, E. validus

E. fedtschenkoi, E. semicostatus

E. anthosachnoides, E. barbicallus, E. brevipes, E. caucasicus, E. doli-
chatherus, E. semicostatus

E. anthosachnoides, E. antiquus, E. brevipes, E. barbicallus, E. caucasi-
cus, E. longearistatus, E. nakaii, E. pendulinus, E. semicostatus, E. ubeti-
cus, E. yangii

E. abolinii, E. antiquus, E. brevipes, E. caucasicus, E. longearistatus, E.
tibeticus, E. yangii

E. abolinii, E. anthosachnoides, E. antiquus, E. brevipes, E. caucasicus,
E. gmelinii, E. pendulinus, E. semicostatus, E. tibeticus

E. abolinii, E. altissimus, E. anthosachnoides, E. antiquus, E. breuipes',
E. cacuminus, E. caucasicus, E. gmelinii, E. longearistatus, E. penduli-
nus, E. retroflexus, E. semicostatus

E. abolinii, E. fedischenkoi, E. gmelinii, E. nakaii, E. pendulinus, E.

semicostatus , E. validus
E. abolinii, E. altissimus, E. antiquus, E. barbicallus, E. brevipes, E.
caucasicus, E. longearistatus, E. pendulinus, E. retroflexus, E. semicosta-

340

204

705

687

780

491

338

251

52

71

197

84

129
31

96

467

205

209

207

199

349

38.7 (8.3 -85.0)

53.5 (5.9 -91.7)

38.5(8.3-71.4)

48.1 (16.6 -100)

46.6 (16.6 —-100)

43.3 (8.3 -100)

56.2 (4.8 -90.8)

52.9 (16.7-93.8)

50.1 (7.1-87.5)

84.6 (5.6 -66.7)

37.6 (11.3-83.3)

83.3 (44.4 -100)

57.6 (6.3-92.8)

19.4 (12.5-35.7)
35.5 (6.3-66.7)

64.6 (10 -66.7)

36.2 (8.3-92.9)

49.8 (15.1-92.8)

29.2 (5.7 -83.3)

39.1 (8.3 -92.8)

17.6 (5.6 -45.5)

49.9 (8.3 -83.3)

tus, B yangil

FEE BT 7B TR, Figures in parentheses indicate ranges of crossability
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Table 3 Meiotic configuration of selected F, hybrids between the S,Y genome Elymus species, showing significant differentiation of
chromosome pairing ability (homology)

ZuAe R4 YufafA#%l Chromosome configuration’
Combination Xta/ cell I I M
E. fedtschenkoi x E. nevskii 0.02 13. 04 0.48 27.10
E. tibeticus x E. gmelinii 0. 82 13. 06 0.05 25. 81
E. nakaii x E. tibeticus 0.62 13.63 0.04 25.50
E. pendulinus x E. tibeticus 0.71 13.18 0.05 25.19
E. tibeticus x E. aniiquus 0.94 12.62 0.09 25.06
E. praeruptus x E. fedtschenkoi 1.04 11.70 0.45 24.58
E. validus x E. abolinii 4.74 11.36 0.09 24.01
E. burchan-buddae x E. sclerus 1.06 11.06 0. 16 23.32
E. abolinii x E. semicostatus 1. 66 13.05 0.08 22.57
E. shandongensis x E. aniiquus 1. 68 12.75 0.13 22.57
E. altissimus x E. semicostatus 2.48 12.42 0.15 22.24
E. burchan-buddae x E. brevipes 2.54 11. 88 0.15 22.14
E. abolinii x E. yangii 2.61 12. 41 0. 17 22.11
E. dolichatherus x E. semicostatus 2.82 12.31 0.16 22.06
E. shandongensis x E. semicostatus 1.76 12. 88 0.12 22.04
E. antiguus x E. burchan-buddae 3.04 12.22 0.26 21.84
E. validus x E. semicostatus 2. 61 12. 31 0.05 21.64
E. shandongensis x E. gmelinii 2.33 11.25 0.58 21.49
E. retroflexus x E. yangii 3.04 12. 16 0.21 21.42
E. semicostatus x E. pendulinus 1.58 12. 66 0.30 21.38
E. tibeticus x E. altissimus 2.52 12. 06 0.28 20.94
E. yangii x E. brevipes 2.85 12.27 0.16 20. 87
E. brevipes x E. altissimus 2.78 11.78 0.28 20. 81
E. cacuminus x E. shandongensis 2.54 12. 40 0.18 20. 80
E. dolichatherus x E. antiquus 4.06 11.78 012 20.09
E. anthosachnoides x E. altissimus 3.48 11.02 0.22 19. 96
E. longearistatus x E. caucasicus 4.14 10.73 0. 68 19. 16
E. praeruptus x E. abolinii 3.77 11. 10 0.53 18.90
E. panormitanus X E. caucasicus 4.02 10.01 0.71 18. 86
E. antiguus x E. abolinii 4.54 11.11 0.16 18.72
E. yangii x E. antiquus 4.41 11.05 0.36 18.04
E. pendulinus x E. longearistatus 7.09 9.88 0.32 17.41
E. nakaii x E. validus 5.57 10. 50 0.09 17.07
E. semicostatus x E. fedtschenkoi 5.52 11. 10 0. 10 16.91
E. caucasicus x E. antiquus 6. 96 9.37 0. 46 16. 53
E. shandongensis x E. caucasicus 7.41 9.08 0.74 16. 31
E. jacquemontii x E. antiquus 6.02 10. 60 0.24 15.36
E. longearistatus x E. semicostatus 6.42 10. 44 0.22 15.12
E. burchan-buddae x E. longearistatus 7.64 9.52 0. 38 15.12
E. caucasicus x E. semicostatus 7.03 9.43 0. 68 15.06
E. caucasicus x E. abolinii 9.49 8.34 0. 66 13.51
E. caucasicus x E. tibeticus 9.47 7. 66 0.94 13.22
E. cacuminus x E. caucasicus 9.34 7.60 1.01 13.02
E. brevipes x E. caucasicus 10.09 7.96 0.52 12.69
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#£ 3 (%) Table3 (continued)
E Yu A {A$5% Chromosome configuration’
Combination Xta/cell I I M
E. anthosachnoides x E. caucasicus 10. 12 7. 66 0.61 12. 52
E. longearistatus x E. altissimus 10. 81 8.37 0.39 12.36
E. retroflexus x E. caucasicus 9. 81 7.52 0.95 12.25
E. longearistatus x E. tibeticus 10. 48 8.01 0.48 12. 18
E. panormitanus x E. barbicallus 9.98 6. 63 0.91 11.92
E. longearistatus x E. yangii 9.44 8. 06 0.29 1. 68
E. caucasicus x E. burchan-buddae 11.62 6.84 0.74 10.97
E. burchan-buddae x E. caucasicus 11.53 6. 85 0.76 10. 93
E. caucasicus x E. gmelinii 11. 86 6.59 0.34 10. 84
E. altissimus x E. caucasicus 13. 05 7.01 0.81 10. 68
E. antiquus x E. panormitanus 12.31 7.08 0.28 10. 38
E. caucasicus x E. barbicallus 12.58 7.24 0.30 10. 32
E. panormitanus x E. semicostatus 13. 10 7.10 0.23 10.13
E. jacquemontii x E. caucasicus 12.84 6.19 0.26 10. 11
E. pendulinus x E. caucasicus 13.95 5.98 0.56 8.88
E. yangii x E. caucasicus 16. 19 5.22 0.43 7.29
E. dolichatherus x E. panormitanus 16.43 5.69 0.06 6.76

| = BRI = —HHE M = Z2HE(EFESMA UM ERIIME)  Xia = PefE kA WHHi#, [ = univalents, II = bivalents, M = multiva-

lents (including trivalents, quadrivalents, and pentavalents) , Xta = chiasma frequency.

TE2UHIRY , B L AT Y o P RO RRUIR TR )T Y 45 S8 R 1
HE, BERLME, Z2ARE. FIEMNEMN T,
(A K e 1] Y B M FE 60% — 94% 2 4], 4% SR AE
60% —80% Zjd], X-—#5REWEFMAEMEBEHER
WEE HE R E RS, ASHGRAR
WA —ERENTE.
2.2 FEZEFMABES REEFE

it #41 200 A~ Fh 18] 2438 4 A 9 2Rl R BE L £ 19
10 ANFh P 2R 20 000 454~ 1681 40 L 1R 1L
Zeehit-1 Y AR TECR AT AT T B WA I
Bio E T ] Ze Aol 20 4 W22 B B R OR TR
2 EATE TA SR, RATBENL B T 61 FF
[l J 35 LA 24 F, BB 2R -1 e R Al Y
( PELIE 40 M B BB A I L A i L AR AT SR
ks L) 5 FE 3, Bl AFRELHGRE
IRBESHT R T , FRATTASHE R B, G o fA e % 7K -
TER 54 F, Z AR KER . Mo, BTERF
BB -1 R T — SR S MR RIS A
i A 2) , 2R g R R K P B =
BT LAHE T T 556 A e Uk 50 43 S 4 0 4 £ T X /K F
(F4) FFh P24 Fh F sdi 05 245 e ik i BC X /K
(£5), G BT LIER 25 DL B, 4

E. fedischenkoi x E. nevskii, E. tibeticus x E. gmeli-

nii, E. nakaii x E. tibeticus, Fl E. pendulinus x E.

tibeticus . T 2% Yo €0, 14 e 4f 7K F B A% B o] LIS T
14, PRl HEH B/ T 10, WML G E. doli-
chatherus x E. panormitanus,E. yangii X E. cauca-
sicus F1 E. pendulinus x E. caucasicus, KEEIZ
A F, Y R B XS KT AR T3 38 A4 i 7K
ZIAl, A HB BB SRR AR R S, Y PR 4 450080 5 )
FhZefh F, JefafRBC0TRE S BTt — 2RI, R B
TR— B X PFZ M F, BABEN
YA PRER X RE 7, 040 A T 2R I 3 X P RO e (.

fedischenkoi, E. burchan-buddae, E. yangii, E. vali-
dus E. tibeticus ,E. antiquus,E. abolinii,E. brevipes,
E. dolichatherus,E. shandongensis, E. pendulinus F
E. cacuminus) Z A1 B2 F, LK G 0 HL X 9 b
(E. caucasicus F1 E. panormitanus) Z [H] B2 F,
PR B R AR, T B TR RSy
X, F5 ARk AR AR (W E. fedischenkoi,
E. dolichatherus ,E. pendulinus Fi E. yangii %) 5
T B9 R (A0 E. caucasicus 1 E. panormitanus) JE B
fZefh F, B JERAR IS R IR RO BE )
(£3), Wik AP TRYIFR (W E. longearistatus) 5
5k B PG B3R H R W R BT R AR E B
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2 SYREFANMGEHMERNERMNF, REORNLEERNITH, A. E pendulinus x E. tibeticus, 73 1 T 8HHr{k,9
NOE,—ANBARZMHER— TR B. E. antiquus x E. burchan-buddae, 7 8 A~ B MHEFN 10 ANk C. E. yangii
x E. antiquus,iN 6 PERMHEF 11 MK D. E. caucasicus x E. semicostatus 75 13 EMK,6 S EF—MNGAE=
HH&;E. E. caucasicus x E. burchan-buddae 7% 20 B4R 4 N ZHr4;F. E. burchan-buddae x E. antiquus BB RSH
'Ir ﬁ'\'%@.ﬁﬁﬂ@ﬁo

Fig.2 Meiotic chromosome pairing of the Elymus interspecific hybrids containing the S,Y genomes. A. E. pendulinus x E. tibeticus
with 1 univalent, 9 bivalents, 1 frying-pan shaped trivalent, and 1 quadrivalent; B. E. antiguus x E. burchan-buddae with 8 univa-
lents and 10 bivalents; C. E. yangii x E. antiquus with 6 univalents and 11 bivalents; D. E. caucasicus x E. semicostatus with 13
univalents, 6 bivalents, and 1 frying-pan shaped trivalent; E. E. caucasicus x E. burchan-buddae with 20 univalent and 4 bivalents;
F. E. burchan-buddae x E. antiquus, showing a chromosome bridge and fragments at anaphase-I of meiosis
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FERER A RIS, X—SREH, & SY £
I O A B -, R R A M R R 6 R
EEYMZRCEHE T HBHME, T X4
HXEYF BB A BREXXR, BHR
U5, e ) TR S 1 B A1 X B 2 R P 22 i B
B R0 A B0 R UR A T B 43 A MR R O
FLRE R 20 B[R] JR P AR o

&4 BENARNE S Y BERAHRMEEEENMHAYS
HpRA-1 Rk E

Table 4  Meiotic configuration of randomly selected parental
species with the S,Y genomes

FEAFh Yu i /K #9 %Y Chromosome configuration'
Parental species 1 1l m Xta/cell
E. abolinii 0.04 13.98 - 27.22
E. antiguus 0.02 13.98 27.22
E. brevipes 0.28 13.86 - 26. 81
E. burchan-buddae 0.04 13.96 - 27.56
E. caucasicus 0.08 13.96 - 27.28
E. cacuminus 0.04 13.96 - 27.16
E. fedtschenkoi 0.04 13.92 0.01 27. 61
E. gmelinii 0.04 13.96 - 27.62
E. jacquemontii 0.12 1394 - 27.02
E. longearistatus 0.06 13.88 0.02 26.29
E. panormitanus 0.04 13.98 - 27.30
E. pendulinus 0.04 13. 98 - 26.94
E. retroflexus 0.16 13.92 - 26.02
E. semicostatus 0.04 13.96 - 26. 89
E. shandongensis 0.08 13.96 - 26.71
E. tibeticus 0.04 13.94 0.02 27.60
E. yangii 0.12 13.86 0.04 27.18

1. W3 HM, U1 = =41k 1, refer to the explanation in Table 3;
Il = trivalents.

Wi BT A 70 ] R 6 2 B | AR U
K M AR 38 B A B AL o BR R BE B 46
[ 3% 12X SHAN ( Sequential Agglomerative Hierarical
Nested Cluster Analysis) 75 5 X 1% 55 B A7 B 25, 18
BT AZRA B R AR BTG K A A AR K
ARl EEARFEXROBRE(ES) . &7
B BRI F, SR ARG K ERAB K
Ho F—HREE L) GURETHHESMERE
AT R IEREE WIFTE B B 2 e | X e o ) U B 4 4
- R AR EK ERESRBT RS e
AR T HIRALE ARG, B P8 T A0 2R T A B0,
EYIRhE AR, 3 Bu 2 b MR B0 Y (R B
BEX KPR MK, 5 40 B €6 1 1 38 LR TE 14 1)
To

3 itig

B b e & NES oS EE NG A= vA: ok
Mt & 7K F 19 B R 41 49 1 B ( Genomic Analysis
Method ) , i % 2 LUK B XU5& i) 25 (5 41 7 4 (] 2% Ff
F, B0 24 18 4 4R B Fo 3 7K 7 R 5 2 H
EHNHBFRYE, It B HORERT DR RE R R T
¥ (Kihara & Nishiyama, 1923; Khara, 1975; Kim-
ber, 1983) , FNX—A B I7 A AR B DRI
HAEEMEZM F, MEESHIBT HH TR
[F) 5 O R W4 20 30T T 72 A 45 o T e B {7 A5 B R
R ERRG S A FRE MK S IR, X R
R T M ERAEKKYEK L3k APGEMEREA

RS HENEEE S Y EEAHBENHARMEES RPBE-1HREEGY
Table S Meiotic configuration of randomly selected parental species with the S, Y genomes

TG 8 (KI5 Chromosome configuration'

Combination I I M Xta/cell
E. altissimus x E. altissimus 0.61 13.68 0.01 25.30
E. anthosachnoides x E. anthosachnoides 0.58 13. 14 0.34 25.48
E. antiquus x E. antiquus 1.00 13.04 0.29 25.87
E. brevipes x E. brevipes 1.32 12.71 0.38 23.94
E. burchan-buddae x E. burchan-buddae 0.61 13.35 0.11 25.96
E. longearistotus x E. longearissatus® 8.98 7.90 0.92 11.88
E. pendulinus x E. pendulinus 1.62 13. 16 0.02 23.51
E. semicostatus x E. semicostatus 0. 60 13.45 27.18
E. validus x E. validus 0.28 13. 86 0.02 27.02
E. yangii x E. yangii 0.18 13.84 0.04 25.72

1. W3 HEM; 2. PRI NTEM E. longearistatus subsp. longearistatus 1 E. longearistatus subsp. canaliculatus 2 [F]f 2%,
1, refer to the explanation in Table 3; 2, hybrid between E. longearistatus subsp. longearistatus and E. longearistatus subsp. canaliculatus.
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Fig.3 UPGMA dendrogram of the interspecific hybrids containing the S, Y genomes, showing the cluster of meiotic chromosome pairing

at metaphase-1
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HEAT R IR LB AL 2 (Kimber, 1983) . WM E
R SR 6% 5K 2R A T L 5 TR 4 1 ) A v, ) e ]
Fp F, e RIS, RO AR 38 Ak 40 35t
&KV b BB F 4 5 pr ik B RN E AL AR 24
VIRBER) R GL AL X R FETE LBTE 2 (Ogawa &
Katayama, 1971 ; Kihara, 1975; Kimber, 1983; Dew-
ey, 1984; Lu, 1994),

3.1 WEKEEES Y ERHNMES Y

INE RGPS AR RO 7, I, R KR
TR A5 PR Z R i 20 F, AT BT LA Bl
R ARFITECH 7 AN ik (AR s L6
PR 3E Bk 14) 5 TH SRR 2 [|] B9 2% F, Al 6E
R BB BT 14 I8 Mk (540 &
PG ARSE ER 28) o ANSEES P& O A5 AR BB
YR RORR I Rl B B0 R G R BT KR
BRSSO TE 6. 76 (R T %
A —H R ERETE) F27. 10(BETEHR
CHRER AR B E BT KR ZE, XRYE
R EARRZ RIERFANFEE FEZF T A
FIRE b, TR i — PR, XA ML
i T 4% T 0GR B A e A X P o 2 1) 85 40084 i
W, RS ATFAREMPEYME SY HENLH
B44 TIEE BEFNSE, BT HAEAM F, B
PR Y o U 0 B X SRARMR, IR A 5 E.
dolichatherus x E. panormitanus, E. yangii x E.
caucasicus ,E. pendulinus x E. caucasicus,E. jacque-
montii X E. caucasicus ,E. panormitanus x E. semi-
costatus F E. antiquus x E. panormitanus % Z%F
R R B XHAR R EAR F R BA — R R AL
RV B 5 A k0 K8 SO0 5 T A 4 ) b ] 2%
N2 & E. semicostatus X Pseudorogneria
cognata (S, 3N #),P. cognata x E. pendulinus,
E. antiquus x E. caninus (S,H ZEHHA) ,E. semico-
status x E. caninus LA R E. sibiricus (S, H 22N 4 )
x E. semicostatus 2 [ T ] e Fb Yo {0, 1 B 0 450 3
(Jenen & Hatch, 1988 ; Lu & Bothmer, 1990a, b; Lu
et al., 1991; Salomon & Lu, 1992, 1994; Lu &
Bothmer, 1993a, b),

AN P KB (0 E. longearistatus ) 53 7
SR R Rk A B R T, e X A R DR
$OAr B4 o PR O VR R EL AR B B BRIA N E. cau-
casicus I E. panormitanus 5KV ERYFFRESR

—MHHEMEFRE, HBE RS, HENXH
MU EERERY A, K SY RR4HAC 25K
FAH B R = A T AR R A4k s 1 Y Y DA A E
longearistatus , } S, Y R 20 735 5 7R Y2 A1 75 M2 49 1Y
isyp =g T —EBEM ML, XFSY #ERA
R TER Sk BAR R 5 H B IR BT A K.

HBEERE, & S,Y £ 41 1 10 5 i Bk o &
YrFh X Fh B A AU R, A B B R 1 LAt
SRR, s S,H B E AR MU AP Rl P I
B RERIE, B S S H K 41 1Y £5 4 35 5 5 Y
MR RIS S Y EEHABBAEY R Z, H # oy
A7 (& BT RRAE A B | g b 38 U AT ) i b 5
S\ Y R KA B E R Ay M B 4r A BE )12 (Jensen &
Hatch, 1988 ;Salomon & Lu, 1992, 1994) {H S H
HAB ML ER, & S,Y HEHEAHB Y
FiX FHTE [l — 5K F b b B b MLELE A 7 T H
AFREH T ETUER, XX R M EE Y
BT R L ST R AR R B 23T - iR
LRI A EERNE L,

3.2 #HWESYERESUHELEX

FE R R A0 - Sk DA B i T B T A
ELA RI%H 7 3 [ FE (gene pool) I¥IFH, X — ) FF
T R 1 1R T B TR B PR B AL SR AR R A S
“Fhbk” R RO, RIS S AR AL DT X
R—FE, PR 38 1 4% 58 0 e 0 1 i 3 TG RS B B S TR
ZRERFTY R (B RR) B AR ER, e
% HHEAY R R T REF A4 5 PR R (Rieseberg,
1997) . B, R 1 49y i 3 ik 2 32 T8 BURT LA 5 9%
7 4o 7 s 5 PR A8 9 O 4 R A0 5 T ] B
BRI R BEHME SR S HEAME SRR, 4k
ARIE A 20 A P S BT SR B b B¢ 7= A2 ( Temple-
ton, 1981; Buerkle et al., 2000; Wang et al. ,
2001),

AV HFTA & S, Y FeH 41 ) VO A5 4 S i
Wb 2 8] B AR — o ORI B 2 B b, T A b L L
A R B e A B BE 7, (H BT B R ] A4 b
W5 RE , BT LA E & P Z 2 ad KRBT
PLERTER T B i A PR3 o X A B 25 AT RE
A HE HKOF - f % L (5855 08 55 SUIR
) 7 dRRE KT B B AR B 8 1 AR
B ANSEHZ RRET A EE W ERNRMET,
ABSOV B35 A a1 FO A 0 Tl 5 0 R R AR A
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Syt B b B 5 B AE P 43 (quartets ) T 40
BT K B T S FRARE o IR
W B R R B — e B M SR LA R
PRATR IR, 36 24 3 B 45 B R RD A % B PR 25 7
R4 T B (a5 A AL ) X AR 5 2
B O RO T R A8 7 7= A e ] A A PR B ) i A

RRIMREOTES S,Y R A R — P F AR FE R
e F, OREB R MER(£RS), XEWE
RIS K - L i B B I 5 1] BB TE IR — P AP A TR IR
[l B, oA B2 B S I IE) B HERS , RAS IR
3 AT RELE A RN B AR FEAE TR 1 AR 9 77 1)
AL, BJE SER R EE . FHLERATAY, BR
Stebbins (1969) .Grant (1981) Templeton (1981) Fi
Buerkle er al. (2000 ) %53 FT 42 I (¢ i (] | = (6] B
BRSO, R A R i 285 - e A
PIFIE S TR R, AR K SE R AR 4L, i DY 4 R R
P44 (BN IRINIE B RS AE 5
SEFRTE R AN AT A 2 ] 7 A A B R B B T
AR RS R R TRMRER . X—d R
RSB AR AT SR AR T2 A BB T 22 BRI S At L 17
AL BN R
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