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Genetic Differentiation in Leymus chinensis Populations Revealed

by RAPD Markers [ . Statistics Analysis
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Absiract ; Leyonus chinensis{Trin. YTzvel. . which is one of rhizome grass species, has two ecotypes in the
Songnen Plain.including a gray green type and a yellow green type. The levels of genetic diversity and
genetic differentiation based on RAPDs were assessed among seven populations of the gray green type and
two populations of the vellow green type (a total of 105 individuals). Fifteen 10-mer primers screened
from seventy OUperon’s primer series were used to amplifly RAPD fragments using a standard RAPD
protocol. The number of amplified fragments and the percentage of polymorphic loci were different smang
nine populations. Populations that belong to the yellow green type possessed fewer amplified fragments
(<90} and lower percentage of polymorphic loci (<7503 Ythan that of the gray green type (>>100 and >
70% respectively ). Genetic diversity based on RAPD phenotypic or genotypic frequencies was calculated
using seven published methods by the statistical package RAPDISTANCE. The genetic diversity tevel in
the yellow green type was lower than that mm the gray green type. Fie value previously estimated with
codominant markers. e. g. allozymes for the same population was used to estimate the null-allele
frequencies for putative RAPD laci corrected for potential deviations from Hardy-Weinberg equilibrium.
Shannon’s information index and Nei's index of genetic diffferentiation were used to partition diversity
within and among population components, and 37. 6% or 35.7% of the variation detected with RAPDs
was partitioned among populations. Genetic dentity between the populations aof twao types were both on
0. 8, while the genetic indentity within the gray green populations was above 0. 9. The results achieved by
the methods of either allozymes previously adopted or RAPDs revealed the same genetic pattern of

variation. These resulis at the DNA level were parallel to those at the protein level, At both the protein
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and DNA levels. genetic polymorphism was higher in the populations of the gray green type than that in

the vellow green papulations,
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1.1 TRHHE

MEETFETRERAM I MEERE CHLGL.CHLG5.CHLGS.CHLG7 .CHLG8.CHLY8 . CHLYS,
WLMGG #1 WLMYG & BB EE 5 PER . YERFHEEmEr . R4CEH, K4 CHLXX R EH
BB TRE.CHLYE fICHLYS A RSB . KE s M RHBEFESE . WIMXX RARRTEEERR
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Hpop MM A ZREY Hsp. Hpop/Hsp RN IREBZRIEN S0 S (Hsp-Hpop) /Hsp Ry 7 B 6] £ 4
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221 FEHEURELHE

15+ EEHFRII WY 155 T RAPD Y 21 FEME IS 3 WA RAPD T AMAMEDM AL
di.EZ2xE ﬁﬁ;t.if 14 M BN ES ﬁﬁi H i % Table I Proportion of polymorphic loci to totel RAPD loci
06.1% , FRASIHTEA Al f R e Br Ry M 2 9 RAPD in each population detected with 15 primers

R EESESTEFRRMEGE D, WLMGG A o 2 i 5 B S K $§ﬁz,§tt?i R
CHLGS HBEEZ 15 A3 MR EMasB8E, "%  sople Torl Polymorphic * Por o™ 319
B0 1T AR N ERERR 2 AHE T e oo e moTehe Lot
(CHLYS # CHLY®). 5 B2 80 0 88, B&WAE Toiar 12 155 85 it ot
I REAREE CHLGS hB®(79.5%) . HE 6 2CHLGS 14 127 10 0. 795 B. 5
ARBENPEEEVATTRLTFE 70U E.H 3 CHLGS 12 124 Qg 0. 780 3.3
KSR 2 A F B S AR AT AR 40 4345 1 CHLOT o118 82 0-726 75
o, HsBaNTRNR CLos-cGs L ILS 1 0T
> CHLGS > WLMGG > WLMYG > CHLG? > - cirve 12 gg 2 o 2ae 5a
CHLG1>CHLY8>CHLYSY, 8 WLMGG 13 127 95 0. 748 8.5
2.2 Shannon ZEEHIEH 9 WLMYG 9§ 120 89 0. 742 8.0
HEGTER(ED. SRR E CHLYY i B i Total 105 15% 144 0. 941 10. 3

& R RBM 0. 122), KX A CHLYS8(0. 570, 1 2
AR, AR AP B A Shannon F¥FEE I B T RS A & FhE; W FH 7 & # 3 CHLGS > WLMGG
>CHILGE>WLMYG >CHLG7>CHLG 1 >CHLGS>>CHLY S >CHLY?9, # Shannon 5 ¥0{4 WY X AR
EESE R AYEFETHER.IT.6MTRFE TR (E .
2.3 Nei BEXHERE

H Nei EEEROEFTIMFARNNEABERELE RN THR4. g RBRHANEESHEAPNUA
SRANHEASH CHLYS M CHLYS A RMAIBE 0. 083 M 0. 108) BB ET 7 PREWMR. o 8K
9 & B 45 B0 8 Shannon KK REBRERE XN ER P& E  WLMYG>WLMGG>CHLGS >
CHLG6>CHLG?>CHLG I >CHLGE > CHLYS>CHL Y9, 18 Nei SR EREMBFOLE 11k
R O.3B7(HE S HRER. FEE 5. I UNBEERFATHRZE 6. 3UMERFETHEZA,
2.4 RTHUHRN R EEEBRAEEOBESES

G MEREMEIT FEHITT 6 FritE, o RAPD iEM T B AR E 2 50 84T K (0. 083
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Table 2 Genetic diversity for 9 populations of Zeymus chiriersis estimated by Shannon’s diversity index

Pilir CHLG:1  CHLGS CHLG6 CHLG? CHLG8 CHLYR CHLYY WLMGG WLMYG
OPAOC] G. 148 0. 229 0. 311 0. 083 0.174 0. 000 0. 24 0. 186 0. 272
OPGO6 0. 144 0. 269 0. 322 0. 220 0. 285 G. 167 0. 092 0. 193 0. 248
OPI11 Q. 297 C. 313 0. 399 0, 091 0. 408 0. 265 ¢ 117 0. 363 0. 333
OPI1% 0, 071 0. 121 0. 266 0. 326 0. 071 0. 056 0. DOD 0. 392 0. 216
OPNDI 0. 189 0. 266 0. 424 0. 357 0. 280 ¢. 0B 0. 082 0. 382 0. 415
(OPN12 0. 117 0. 206 0. 268 0. 154 0. 213 D. 048 0. 276 0. 159 0. 265
OPN16 0. 533 0. 270 0. 319 0. 339 0. 395 0. 225 0. 000 0. 443 0. 487
(JPNI1§ 0. 138 0. 421 0. 538 0. 447 0. 352 0. 375 0. 323 0.313 0. 391
OPQo3 o178 0. 28 0. 199 0. 209 0. 381 0.319 Q. 031 0. 211 0. 231
OPQOS 6. 307 0. 519 0 215 0. 271 0. 106 0. 052 0. 121 0. 43 0. 082
OPQ06 0. D39 0. 097 0.178 0. 174 0. 043 0. 132 0. G24 Q. 132 d. 162
OPQOY 0. 212 0. 409 0, 307 D. 337 0. 355 0.19 0. 137 . 207 0. 362
OPQ14 0.417 0. 270 0. 222 0. 358 0. 161 0. 303 0. 137 0. 173 ¢, 326
QP15 0. 399 ¢, 306 0.211 0. 345 0. 159 0. 075 0. GO0 0. 334 N. 249
OPQ17 0. 426 0. 363 0. 256 0. 266 0. 228 0. 184 0. 232 . 500 0. 445
¥ # Mean 0. 282 Q. 301 0. 297 0. 268 0. 250 0. 157 0. 122 0. 289 0. 296

—0.702)(F6), ERAFFENBEHSERAERE B3I B Shannon F LR NG NRGF N BS54
tHE - BN ERMHE THERHE Table 3 Partitioning of the genetic diversity between and
O RE. NEVNHHEOMELSEMMK T xigR within 9 populations of Leymus chinewsis with 15 primers
B, 3 H Nei & Li B2 #1 Jaccard 8B R R 2 — estimated by Shannon’s diversity index

BH R TS SR M H . CHLGS > CHLGE > gga *ﬂﬁiﬁé -a**#iﬁ@ #ﬁﬁiﬁﬁ%&##m%i
CHLGS > WLMYG > CHLG? > WLMGG > e EREC HERAT HFLWET BERS K

] OPAD1 0. 183 G. 268 0. 682 0. 317
CHLG1>CHLY8>CHLYS; Apostol B (1990 (neo 0 o1 g 243 . 632 0. 257
Rodger F (1980 M F R MWE R E — 3. orill 0. 287 0. 435 0. 658 0. 342
WLMYG = CHLGS = CHLGH = WLMGG > OPT1%  D-168 0. 347 . 483 . 516
CHLGS8 >CHLG? > CHLGI >CHLY2 > CHLYg; OPNOL  ¢.270  0.454 0. 555 0. 405
OPN 0. 0. 3 0. 0. 42
Russell 2% (1040) 77 S 45 M 00 &5 SRACIE B 95 g OF 12 0188 26 o7 1
‘ ‘ OPN16 0. 337 0.510 0. 649 0. 351
gt g d & EM TN CHLGE > OPN1g 0. 401 G. 576 0. B9 0. 304
CHLGS > CHLG?7 > CHLG1 > WLMYG == opaos  ¢. 7326 0. 476 . 530 0. 470
WLMGG >CHILGS8>CHLY S8 >CHLY9, OPQ05 0.234 0. 401 0. 583 0. 417
2.5 MIEHEE FIME—B A OPQO5  0-119 0. 156 0, 762 0. 238
_ OPQ0Y 0.2 0. 439 0. 63 0. 365
S B (F 7. F SRR Mgy OPQ00 0279 ! ° 36
OPQI4  0.263 0. 421 0. 624 0. 376
kAR -BTH. RIDNKRJYAHXUH OPQIS  0.23% 0. 423 3. 555 0. 445
BEE M5 — BB EME B ATE LB YA opgir o 322 0. 457 0. 704 0. 296
- = w . ] q 4
(CHLGS 5 WLMYG) St KRR W& Fr ¥ E ik fe ¥4 0. 249 0. 359 0. 624 0. 376

—HEHEMECIKFZE. MBFFERE 7, T Mean

SHAEEFEL 012 MR AP KFHEN Y (T Primer; & Within-population genetic diversity Hpops &

HRNERKXA4AF. Taotal genetic diversity Hspg ;@D Proportion of genetic diversity
UPGMA BAE(E DERBHEB Y T5 within-population Hpep/Hsp; @ Proportion of generic

HEANER KBBETFAR LN REEHM diversity among populations (Hsp— Hpep) / Hsp
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Table 4 Gene diversity for 9 populations of Leymus chinensis estimated by Nei's index

:rli:r CHL(G] CHLGS CHLGS CHLGY CHLGS CHLYS CHLY? WLMGG WLMYG
QFAQI 0. 101 0. 145 0, 202 0. 59 . 108 0. DGO . 168 0. 121 . 181
OPGO6 0. GE9 Q. 169 3, 211 0. 130 G. 187 0. 108 0. 054 0. 121 ;. 161
{OPl11 0. 186 0. 149 G, 252 0. 040 0. 263 0. 188 0. 075 0. 231 0. 227
QOPI19 Q. 045 G. 0Bl 0.179 0. 220 1. 04 (. 027 0. 000 G 261 0. 144
OPNO1 D. 120 0145 0. 282 0. 243 0. 156 Q. 042 0. 036 0. 257 0. 282
OFN12 n. 672 0, 125 0. 169 0, 097 . 133 0. 038 0. 184 0. 0495 0, 165
QOPN16 0. 368 0. 167 0. 208 0. 241 G, 295 0. 161 G. QNG 0. 295 0, 333
OPN189 (. 301 n. 284 0, 358 D. 291 Q, 247 0. 259 Q. 227 N. 218 0. 273
QPQO3 0. 103 G. 1584 0. 125 0. 126 0. 237 0. 217 Q. 016 0. 109 0. 144
QOPQO5 D.187 . 348 0.139 0. 183 n. 071 Q. 035 0. D&L 0. 274 0. 032
OPQO6 0. 035 G, 069 0. 107 g, 107 N, 054 0. 087 D.0ll 3. 102 0. 161
OPQ0N% 0. 136 0, 254 0. 152 0, 233 0. 234 0. 131 n. G932 0. 134 0. 24
OPQ14 ¢, 276 0. 166 3, 143 0. 239 G. 104 N. 218 G. OB8 0. 098 D.22
OPQ15 Q. 265 0,193 0. 128 D. 225 0. 127 0. G54 Q. OG0 0. 213 G, 167
OPQ17 n. 295 G, 242 0. 158 0. 181 . 148 G. 132 0. 156 0. 348 0. 249
51 Mean 0.173 Q. 194 N. 1%2 . 177 0. 165 0. 108 0. 083 G, 195 0. 187
HS XM FEENREIL(H Nel IHRER CHLG
Table § Genelic differentiations among 9 populations of — CHLGS
Leymus chinensis estimated by MNel's index CHLGBS
MR X L
BIEN mEme  eHERESL CHLGS
2] % Within- Genetic WLMGE
Primer chtal BERE  hopulation  differentiation among
diversity gene diversity populations Gsr WLMYG
Hr Hs CHLYS
OPAQI 0. 163 0. 121 0. 258 CHLYS
OPGO§ 0. 214 0. 139 0, 350 1‘1 0 9 8 T 6 s 4 3 32 l 0
0PI 0. 272 0. 186 0. 316 M FE M Genetic distance
OPIG D. 222 D.111 Q. 500
OPNO1 0. 290 0. 180 0. 379 Bl 9 EMEEN UPGMA B2
OPN1Z 0. 122 0. 113 0. 584 Fig. 1 UPGMA ciustering for 9 populations of
UPN16 0. 348 0. 227 0. 343 L. chinensis based on RAPD
OPN15 0. 391 Q, 273 G, 302
OPQO3  0.278 0. 142 0. 489 3 WHigE5Hie
OPQO5 0. 242 D. 154 0. 364 3.1 % TF RAPD ¥ BHISEiTH#r
OPQo6 0,087 R.47 - 138 3.1.1 RAPD BREEHBAFRADBESH
OPQos 0, 278 . 183 0. 342 N
OPQ1a 0,272 0. 173 0. 364 . 15 314 o MM BED AT 155 LR TEEN
OPQ15 0. 260 0. 152 0. 435 HSHMAETEN 96. 1% . fE A [F ¥ £ b Fr & 1L 8y
OPQ17  D.295 0. 217 0. 264 RAPD i G R BANABARELIR . KRUMES
P Mean 0.265 0. 165 0. 357 SHATHEAT 0%, HARUGEESLEE

REE 0% L. BN HMEES DNA REHF
B FOIR#R A AL B0 & B BT PR M AR . MBI DNA K P ERWERSW. FXEMS R
ERAMEEHERAPD FRHAT T . EREKH DA B S SRR 1 R BEA] A0 H RS 2K R B0 M B IR W Nei
& LiEYS Jaccard B4 ¥ —# . Apostol 3£ 5 Rodgers Hp —F Rossell ERFRHRAE—MEREE. X
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— B Y Maguire %> it R—FM. BAGEEHEFHRELZHHEERE.Jaccard 5§ Roger L EH I,
Apostol IEHI Nei LI K F HBRER T EARE — ¥ Rossell EM Nei 2. Li ) F HMBEHREARY
HERYE, REEFARAKT AN AENRBAEERENBEEHEFTHIAR . B EMRET AR
HEBORBENBEESRHEHBE T ERAFTE(R 6.

®e TREBEMGMADERESHEN
Table 6 Genetic diversity and the order populations of Leymus chineasis estimated from RAPD data using different
methods

. 3 Mer & Li Nei & Li Jarcard Russell Apastol Rodgers Shannon’s Met's mdex
Order  (1978X(1) " (197932 * {1301 (1940) (1993) (1960) index(1972) (1973}
"1 CHLGS(0.295) CHLG8(0.539) CHLGS(3.45) CHLGE(0.702) WLMYG(0. 2541 WLMYG(O. 463) CHLGS(0.301) WLMYG(o. 137}
Z CHLGE(O. 202)  CHLGS(0.539)  CHLGA(D.431)  CHLG3(0.688%  CHLGS(N. 2470 CHLGB(D. 333} WLMGGI0. 259) WLMGG(0.195)
3 CHLGS(0. 2791 CHLG3(0.528)  CHLG5¢0. 4387  CHLGT(0. 687y  CHLGS{0. 2420  CHLGS(D. 389  CHLG6(0. 207) CHLGSC0. 194}
1 WLMYGD. 273) WLMYGD 5247 WLMYGC0.431) CHLG1{0.667) WLMGG:0-228) WLMGGLC. 372) WLMYG<D. 295 CHLGECO. 192)

5 CHLGH0.257)  CHLGT(D.506) CHLGT(O.410) WLMYG{0.565) CHLGE(D.218) CHLGS(0.356)  CHLGT(O.268) CHLGTLO.177)
6 WLMGGLC. 242) WLMGG{U. 400) WLMGG(0. 388) WLMGGIO.640) CHLGT(2.213) CHLG?(0.353)  CHLGI(0. 2610 CHLGLIO. 172)
7 CHLGI(0.237)  CHLGL(D.483) CHLGI(0.379)  CHLGB(D. 73 CHLGICQ. 205 CHLG1(0.340)  CHLGA(D.250) CHLGS(D, 165)
4 CHLY84{(.094) CHLYB(0.301} CHLYS(C.170> CHLYS (0.573) CHLYS{0.089) CHLYB(C. 156> CHLY8&¢0.1572 CHLY&(0.10%)
§  CHLY®0.083) CHLYD(C.286) CHLY9{0.155) CHLY9(0.557) «CHLY9(0.081) CHLY9{C.149) CHLYS{0-122) CHLYS(D. 03}

. 228 G. 466 0. 364 0. 639 0,193 0. 324 . 250 0. 165
Mean

(1Y D=1—F; (2} D= ~V1—-¥

N7 FNOPTHMMERARE—BENRICEN
Table 7 Genetic identity (above diagonal? and genetic distance (below diagonal) of 9 papulations of Leymus chinensis

detected with 18 primers

o %
I Z 3 4 5 ] 7 8 g
Population
1 CHLG1 — 0. 9336 0. 5205 D. 9132 G. 9395 0, 8678 0. 8145 0. 2151 0. 9G01
2 CHLGS G, OB8Y —- D. 9315 0. 9457 ¢. 9610 0. 8654 0. 8459 0. 9365 . 805635
3 CHLGS Q. 0829 0.0710 — G, 9400 0. 9286 0. B35S 0. 8385 0. 9107 0, 9012
4 CHLGY 0. 0908 0. D358 . 0619 — 0. 9359 0. 8609 0. 8253 0.9255 . 9051
5 CHLOGR 0. D624 0. 0397 0. 0741 (. 0662 — 0. §70% 0. 8120 0. 9216 G, B927
6 CHLLYS 0. 1418 G. 1516 Q. 1514 0. 1497 N, 1382 — 0. 8207 i, 8360 0. BH47
7 CHLY9Y G, 2052 0. 2034 0. 1762 0.1%20 0, 2082 G. 1976 — 0, 8028 0. 8102
§ WLMGG (3, OB&E {. 0656 0. 0836 G, 0775 0. 0816 0. 1782 0. 2196 — 0. 9145
0 WLMYG  0.1053 0. 0993 0. 1040 G. 0957 0. 1135 0.1571 0. 2105 0. 0894 —

3.1.2 RAPDHIDH BHBEHLHHRE BRSOk H R EEW K. 5 RAPD S fE B
ERMER . X ERY, T UEHE T Hardy-Weinberg 85 89 % £ T . 3§ RAPD 048 % 0 i 2 K 5O¥ . L
AEARHHNRESE, ER. X BRAXLERIE. HHRRET . FBEALMHE Hardy-Weinberg
E# (HWE), 2t .Chong ZUS 3 1 T HEEZE MM HWE {§8 T . —# % RAPD {2 5 LW BUE T &N
BRME . AREANA MRS RN PRSI EERE, £ XHE
Chong Z8I77 i , i Fiofli % iE # BE X Hardy-Weinberg TH KRB NS A S REME. il
Shannon {5 B35 3 # Nei 2 £ 8 0 3 B00G THFh 8RO 38 £5 25 8 11 506 B¢ B8] 19 8 15 53 16

 Nei 335 W 0 M LR & £ 4545 e Shannon MG HRIE MK B HBRHHRHEANRES
B 4 70 s 45 0 A B — A, AR B B 0 RGBSR RS B T MR AU BE (R 6). 3 HAR{E Shannon 53K
Nl S MRS EANRE A REHERE. 20N 37. 624 35.7%. RHEFORE
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Kongkiatngam-''77% . ¥ HWE B T § % £ % % %, [ Shannon 5 5 F1 Nel %5 9% it 80 ILE
BRI ERE. R AN AR A EE TS A MEERE RS A D . HESENSE
BEHBIEIT ) Shannon R L EBE . FAXMFZRSHGS P HEFRAN. X5 - E4Waa B &%
ARF R, EXRENRENMBITESEBINETE TSN FoEERLE. EFTHEY HWE
TR B RS« i W D 25 i BE R S0 AR, 3 A T £5 B Shannon FI Nei 530 X #OMM A EF A2 K. B
U TE A TR AT 48 &4 T 3 RAPD 8483847 45 87 . Sbannon 1 Nei #745 BAR R v/ 1767,
3.2 Z{iMA RAPD 3 & B HEE

FUEBFILE EHATHBEEASEATR D MEMREA LRSS BECHERAREEAMNN
RFEHEA HEATRESFBEHESITSOREZ. FUMEBFHRERBEAEREFFIN T4 ARSI EEMY
R, S fia . BRSNS R HIR S B EM AR MR ILE DNA 72 WF 35X 4%
B . RAPD #RiC A € DNA fRid (40 RFLPs 2 R THITT ARG ST . Bl A EU 88 ik
RUEFEHEEHAME LSS . ERBEARRTZANEN., HR.RAPDEEUEHL. CFHHAEMRR
H.HEPBEFEN-ARE XEZHRAPD VAR B8 RAPD #Hiry S fy ME M R4 W 0] fEF {4 #
ﬁrﬂﬂg%,ﬁttzz.zﬂ:

HRAFEFERNBNBETREAASE R AE G E RAPD M1 ¥ iR iCAI B RILH,
TERFIGFR P Ao HFE R RBER G BHITT B0 8" 1 RAPD W47 . 721, 3 — 82 W3 47 42
(& 8).

B HUMH RAPD RAMNFERMBRCEHE. ECSLERLEE
Table 8 Comparison of genetic diversity and genetic differentiation detected by allozyme and RAPD

£ ¥ Parameter MY Allozyme RAPD
2 TS T S a K F Species level 78. 6 95. 1
Percentage of B E Yellow green type 37.1 44. 0
polymotrphic loct P WX Grav green type 67 3 75. 6
mBETiERER

Coelficients of gene 0. 134 Q. 357(0. 376>
differentiation Fsy{Gsr)

A5 B Within-tvpe

B F2F B Yellow green type G.914 0. 821
Genetic identity [ X8 Gray green type 0. 956 0.923
K RIE Among types 0. 8§34 0. 834

HRIH Within-type
% 15 IR R Yellow green type 0. 089 0. 198
(renetic distance D KB Gray green type 0. 049 0. 081
%M\ Among types 0. 180 177

a HHSAINER Net BN HRETE..IFSATHE D Shannon 5 H K E B The datas belore parentheses calculated by

Mei’index. The datas in parentheses calculated by Shannon Index.

b2 8 1 L. 3 L EFM B RAPD RIS {EMANERBRE-BN . SARATHENL RS UMY
& F K48 {8 RAPD {3 6 % 75 i o5 7 50 3 56 i 75 26 0 19 46 2 78 MUK 7 1 4806 T 5 AL BE e 2 87 B0
RAPD 67 890t B B K T A0 2 5 B 1 4, MBS LT M) M A6 ML RAPD M R R TR UM BEME ¥R
O H 5y B ST S 7R 4 T ARRE L L ottt R U 2 PR K B B RO FR Y — BU B . RAPD FI (M6 4 M 0 A
76 10) 18 & — BB A1 1 1 55 B0 75 0 48 RN B 1A AU IR 25 AR BF (A A0 2 B U Z L. BB AR
FRRER A — BB KT 0. 9, T T Fh 2SR A5 — B 7E 0 8 KT b o IR 50 A8 b I8 o 308 4 5 A /1 T T
X YRR EI B Y L (HL R X F S B RAPD M A MOBEE) 5 LIS K F 25 (L MR 5087 . 8.2 . i RAPD
A% £ BB T B B DB B T FRR R AL 2 T AR K L RAPD RIS (0N B RS
% REERE ML B R T A — BT B A — B X BB R T RAPD 12 (0 B4 47 45 N H 4
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