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Abstract: Medicago archiducis-nicolai, which is endemic to the Qinghai-Tibet Plateau and its adjacent regions, is a species
of Platycarpae in the genus Medicago. This species is characterized by its superior adaptability to extremely harsh
environments. In this study, we developed EST-SSR markers of M. archiducis-nicolai using transcriptome sequencing.
Polymerase chain reactions verified 350 of 477 randomly chosen EST-SSR primer sets in M. archiducis-nicolai. Of the
verified primer sets, 346 were successfully amplified in M. ruthenica, indicating high transferability of the EST-SSR primers

to M. ruthenica. The genetic diversity and structure of M. archiducis-nicolai and M. ruthenica populations were characterized
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using 64 non-genetically linked EST-SSR loci that did not deviate from Hardy-Weinberg equilibrium. Results show
significant inter- and intra-species genetic differentiation of the two species, implying geographic distance and environmental
selection influenced intra-species genetic differentiation. The EST-SSR markers developed in this study provide useful tools
for detailed characterization of the genetic diversity of M. archiducis-nicolai and M. ruthenica and reveal the mechanisms

underlying their adaptation to harsh environments.

Keywords: Medicago archiducis-nicolai; transcriptomic sequencing; EST-SSR markers; genetic diversity; population

genetic structure
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U 15 5. (Medicago archiducis-nicolai) 1 )i 1
. (M. ruthenica) N 15 J& 2 4 G KM M, 2
SR IR Y, R R 0 T
5B HE AR B R FE X Y, A ST
AT AR ER M AR R . 5l DL AR E AL T &
SR XM, TR TR A DU B B A
WG B MR i IE B, e S AN 2 B A Y
Wi 71 B REIEERLETE (Medicago sativa) 55 i 1
B %35 Tt TG v R A& M DX B I AR iR 2 AE AR B
B v, RN T R B, TR TS SN
i e S R, AR K IR T g, X
B R S R A 0 B

FEAR 184 22 15 10 DA 2 R P b o 55 905 R FH R £
PR EENA . BIHAT AL, X S SR I
e Z MRS, A FKF ELCHERZ
R, EEE R R 2 g Tk E IRE N 52
() i A SLAEEAAR, TN T R R A S AR 2R VR Y
DL J% TR A 308 A 45 19 43 BT BT 95 00 XA /b iR ™
1) FH A% 255 D] 2 A e R I 2 A 5 TR A 1 5 7 R
Ji e 3 F 30 5 5 T 5 e 1E S B AR BEAR 4 BT
R, TR 2E o] E PR B R R M T R R
TR A i e P R A 1) £ 3 R 4 6
5 75 T 8 A S ST A 2% A i A 45 1R L
fil, AN TYMRES, LA 5 & AR5 Fh i
U RIEMEEZNSEMNE. Bk, FLE
F| H SSR (simple sequence repeat) 5§ 43 FAnic, #H—
) T R A 2 FEPE IR N R S S R
A 38 A% 22 B A VB AR 834 &5 W) oRr U EAT 20 AT o

SSR tHFR AT T A2 DNA (microsatellite DNA), 17
TE T J R 24 5 DX 4 6 X AR B X, B 1~ 6 Bk
By A R R R B E A A, MR N ERE 2y
TARIL A, SSR B iZis H T LR Arid il

By 36 43 R0 BE 1 382 A% 5 00T 90 S A3 . 0 1 O Bk [ 4H
R A5 SR ) 3 K 4 SSR dRic T &, IR J 3
D] 25 S ) 3 AR K R D R R AR, A A BROA
AN R R = R, WEA A BUE R
Y& N b K mE — BN BN 5 T 5 S A 7 Y EST
(expressing sequence tag) J7 (5 B2 o Hr, FF K
EST-SSR K it /& — 4% 44 I s A I e i 421> 17,
UbAh, BT JE A b D) DR 4 5% 5% X 4 JR) A7 AE
BRI AR SF %, EST-SSR A3 ic 5| 4 nl 764 8] 52 L
m R, o EST-SSR Arid 76 i k2> EST 5 41l
= B Ar R A ke T @ B 2 F
ORI, TE4) P IE) = 20 #% 11 EST-SSR b ic £ £
M HAEAE 2 SRR R Y, BRIk, e S 2 R
WEFE . % AL S A DL R AE B R, JF
REE KR WD RR ) EST-SSR FRiC AT 4R 1+ 20 B2

R Ed, mEENFERIMNESRE,
B K b 48 w8 T A A e R 3R AR S AR T B A B
RIRE JT, R T & e € W) Fh (F) EST-SSR Fr id
gL T & F . AW IR RNA-seq Hi AR, Xt i
Jim 78 5 EST-SSR bR ic 347 T HF K FIEGUE, KL
REIARCTE 78 S BA m s s vE . R A oF
KA 51 W% T R TE SR e ST AR AR A 8 AR
2 FF 1 R0 B A B AL S5 M08 e A B, BRI A
Fofr [ 00 ol P B O D) A7 7 55 35 a4 o0 b . AN A
JIT 3K 45 (1) EST-SSR FRic FIMI 4 W 5 5, N4 G
Bk — 25 43 A1 5 R TE 0 B A A R M DL R R R
R AN P TR RN A AR P IS R 43 A0 L ) B
TEER TGN ENER.

U RbRHS Tk

1.1 MRmEFEEe
F-F RNA-seq I 1975 56 15 SRR R4 B 5 i
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AR (#HK 3234m, 100°38'52"E, 35°15'46" N)
RARE M . K [R] — PR B 2K B AR IR A T A
i, fEILE 21 °C. )6 16 WiE 8 h N Tk = 5 9%,
RGBT =B R G, BRIMA
JEIE I [A] R FE N 4 °C 10 IR RE R A KR A B .
HUAR i AL B2 0 R0 24 h %)y 7 B 38 40 0T O IR
17, HEAT )G 826 RNA SR ECRII 7 SCEME . 1T
EST-SSR BI¥5GAE . 2 AP ik LA S 18 4% 2 A 1 o
T 1 T 8w i A0 A R A SR A B RO b R A
Bz 1 fral.

1.2 RNA-seq M F 55 RAHER

] TRIzol ik 7] (Life Technologies, Carlsbad, CA,
USA) 25U RNA, R 3 ug &2 RNA | NEB
Next Ultra RNA Library Prep Kit for Illumina i 7 &
(NEB, Beverly, MA, USA) # i RNA-seq Ml J7* 3 & ,
#£ Illumina HiSeq 2500 M F7 43 2 47 X ity reads Wl /57 -
X5 Wy JiR U B (raw reads) 33 € 51 Bk SC E RS G
B P AR AL RO T 10% Bifigt i & < 10
(Q < 10) 1 reads. & ¥ /N AF i it 98 Ji5 19 reads & FF
J& F Trinity %25 %" 947 i A . A 3R AH 10
B 5% K (transcript) &0 K JE, ML B K 0 B
SKA (unigene) #EAT SSR A7 s A
1.3 EST-SSR i m £ E 554t

EST-SSR i f1 % 5€ HH MISA F£ ¥ (http://pgre.ipk-
gatersleben.de/misa/misa.html) 58 % , % % SSR fif £
) 327 5K FEAE 150 bp B b, — B3 . Zm
SO DY | T B E R N B R T I
INEERE N 12, 64 64 5. SHI4R. W&
ARG A SSR A7 4511 unigene, f# ] Primer3 (http:/

sourceforge.net/projects/primer3) K {4 % 1+ 51 ¥, 7l
Wit 8. 51K 18 ~ 28 nt, 23 nt Nl
P18 A B 100 ~ 300 bp; 3B KR E 55 ~ 65 C,
60 ‘C i L

1.4 EST-SSR 5|58 iF #1 %5 75 M4 i 1%

XK AR 3 AT U A A 3 A e E A
$E it 94 MK (1), ] CTAB 3% 42 HU 2 R 41
DNA. 235 M0 57 75 Ll (XNXS) 75 58 i 1 & 5 44 Al
I P £ (HZXB) i 78 S 8F A TP B AL 5 AN A4 1)
10 ng DNA Ff i 55 8RGO BEhR, A BE HL B EC &
B 477 % EST-SSR 5] %) # 47 PCR 4™ 3 5 1iF ,
rTaqg DNA % & 8 N K& % £ W) (Takara) 7= . 7
W RS 94 °C TAR T 4 ming 94 °C A% 30 s,
60 'C 1Bk 30s, 72°C %Eff130s, it 5 MEH; TMifs
94 °C P 30s, 55°C iB-k30s, 72°C ZEfH30s, Fif
30 MEH; fJE 72 °C ZEH 10 min.

3G E 5T 2% Bt B A eI Uk AT Y
RMEIRAE T, 17— 2B FIH 6% 574 M Bk i 6 11 L vk
AT YIS 2B E. BET LRI kAT
Wk ETIA S FEE, HAERBEZSME
(kR J [H) 51 4 5% ] HEX. 6-FAM 8t TAMARA
P FEFABAT IR, X 3 ANFH U EA 3 AN TE
OB BRS04 AR BEAT YT, PRk
AR TR A ABI3130 B 401 B ik R et 47 A0,
F GeneMapper 2.2.0 (Applied Biosystems, Foster City,
CA, USA) S W 25ty v + &, JFiEAT 3 —
BN ITRE
1.5 ARG SHEMEERENS T

% EST-SSR i si S SN E H (V) S EE

*1 FRREENREETFEHERERER

Table 1 Medicago archiducis-nicolai and M. ruthenica population sources

W F FEARACRY Hh 55 2353 R 1K FEA

Species Population code Location Latitude (E) Longitude (N) Altitude/m  Size
ey e XNXS TV 776 1L Xishan, Xining, Qinghai  101°44'17.5"  36°37'17.5" 2462 16
Medicago RYS i H 1L Riyueshan, Qinghai 101°7'11.7"  36°26'50.6" 3311 16

hiducis-nicolai . L
arcmaucts-nicotat YSMC i E M Yushu, Qinghai, 96°50'51.2"  33°27'27.8" 4023 16
HZLZ FIfF1E 7H Huangzhong, Qinghai 101°31'37"  36°2434" 2422 16
i1 . N N

;; ruthenica HZXB i35 7' Huangzhong, Qinghai 101°36'44.8"  36°34'36.2" 2455 14
ZN H = Jé Zhuoni, Gansu 103°29'41"  34°32/38" 2689 16
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5% 4 1] FHY

Fe T B A 7 1) 75 8 78 5 EST-SSR #ric JT & 5 56 IE 721

FE (Ap)~ BEAR IA) 38 4% 73 40 R B (Fsr)s MRARXS T
SRR & AN BRI 22 R B (Fyr A Frg) F FSTAT
2.9.3.2 B (http://www2.unil.ch/popgen/softwares/fstat.
html) fli it; 2 &M /5 L& & (PIC) A Cervus 3.0 £
it 5. R GenALEx 6.41%7% it 5 43 AN B 44
WA MEMEREE (Vg WEMBIE RS

(Ho and Hy) VAR 5E BB (F)o X &AL AR B
A A R G e - AR A% P-4 (Hardy-Weinberg equilibrium)
N IE B A 7 7 (genotypic linkage disequilibrium)
GENEPOP 4.2 # {3t 47, I F L) Bonferroni £ 1F
(P <0.05).

B A4 32 %53 43 A A0 DL it B 2 28 (Bayesian clus
tering) 43 7 il GenALEx 6.4.3 1 STRUCTURE 2.3.4
2 )3 P73t 47 . STRUCUTURE %X 11 43 7 % Fil V& 4
15 8 (admixture model) F X B 42 8] (1) A7 1 430 22 AT
KIE, KA1~ 6. XA KAEHZHAT 10 RisH,
X 12 & burn-in Al MCMC repetition Z % 43 | N
100 000 1 30 000. & ff K 18 B AK 771" #1 InP(K)
1 2% 53 55k ) 2 . POWERMARKER 3.25%7 ] T4t
SERERIA] Nei®s 382 1% B 2 A1 #4225 T L #) UPGMA
(unweighted pair group method with arithmetic) % 2§
. FIH ARLEQUIN 3.5 Fi AMOVA 4 #7.

2 HR50M

21 HEHFRENMF. FRAKRAE

X 75 9 E 240 AR IR A EE 0 A 24 h PN FE
2 5 S I 7 3R A TR UG 208 (raw reads), £ g 2
B AR T 1 reads 5, BN FE L B 43R 18 1 Q20

Bk 2 LU B AN I T 98% 19 A AL HE (clean reads) 7F
528 x 10" %k, ERWAFER clean reads I 5 45 1 B
$E A2 % NCBI#d B, Wi 5 73 1) 9 SRR8797417
1 SRR8797418, TE ML b, B P ASFE i clean
reads &G, Sk MK A (transcript)
R, MBI s A v gk B g A e s AR 9 AR
T F A (unigene), B3R T 99 635 2% unigene
R 510,
2.2 EST-SSR I = @94 5 5(41% it

8 i MISA K A4 %} 99 635 2% unigene [ £ Wl ,
I 2 887 5% unigene H1 A7 AE U F JF 5114 BEAE 150 bp
DL 3253 ANMETER SSR Az s HHH 242 /> unigene
TAH —ALL R SSRAL A, E A R TE] E] B FE A1 /N
F 150 bp, A& & SSR (complex SSR) fi fi; H A
[ unigene {¥ & A — A SSR A7 i, m—ANLL L HH
k&7 Z1K T 150 bp HIA7 58, 9T . SSR (simple SSR)
B o RS SSR Hr LA = g 5k 8 & B o LU 491 o 1y
(42.61%), FUCH B hgFE EH T 51 (30.25%) (£ 2)-
R EiREE R, FIH SSR AL M E 751, #it3k
37 3080 X} EST-SSR 5|4, ¥ J% 2 829 % unigene,
Hrf 2605, 198, 25 Fl 1 %% unigene 127 5 &4 1.
2. 3 F1 4 Afij B EST-SSR 51 4 38 £ si s 3 Abhik
M A E A SSR A 141 98 2% unigene 1 3RAF T 98 X
25 SSR FRiC 51 (R 2). AW T BT 3543 1) unigene
7). EST-SSR i s f5 B 51 W7 B A A SIS 8257
T 3R 45 (1) 18 4L 2 B E s 4R (data sets) 33 € 428 22 3
Mendeley %4 FE"Y (https://data.mendeley.com/).

*2 FEMEBEERRMERASD EST-SSR i <&M A1 51901 i+ 41t

Table 2 Summary of detection and primer designing of EST-SSR loci in Medicago ruthenica unigenes

5T B0 Repeat type # & Number A Frequency/% 514X £ Number of primer pairs
FAFH A Mono-nucleotide 984 30.25 931
“%3E Di-nucleotide 595 18.29 530
=g Tri-nucleotide 1386 42.61 1275
VU Tetra-nucleotide 71 2.18 58
TLH# AL Penta-nucleotide 101 3.10 88
75HH2E Hexa-nucleotide 116 3.57 100
H 45 Compound loci 107 3.29 98
£t Total 3253 100.00 3080
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2.3 EST-SSR #Rid 5|36 IE 5 % 75 14 i ik

N T BGAE AT ESR-SSR 5101 A &, A BE
BULELA A 477 331905, Lok 8 76 7 76 1L (XNXS)
1) 9t 15 SRR 5 SRR 2L K 4 DNA S5 2R
GO BAT TG XY W 3 e B
HVKEE REH, HhH 350 X5 MReus i kB 5
> TR EOE M 8 450, Bk 350 % 5] 4%t
Y2 PE R (HZXB) i 78 SRR SA M SE ER S
DNA AR 518, KILAE 346 X 5] ¥ e % 3545 7 1
it ghah, A5 28 X (5.87%) Bl MIE RS
5 96t 7 5 (9718 - B B2 7E 400~1 500 bpY,
AR Sy M X BAFEN S TA K.

HE— 2055 47 14 7= ) 5 VA M T M e s HL YK a3 AT
B, 165 XA 114 X5 5149 4 515 75 6k 75 & A0 e 7
TN AR R AEAE A 285 AAME 44 Xt 5]
YOI 38 7= W) B ANAEAE TR N AR TR 2 3851, (B
HAGRMN 2 AR, TE R, X 100 %15
VIR m 51 5 9 & brid fa, @iy 3 AN E
JEL 5 N 3 AN e AE 3R 94 SN DNA R AR 3E
TP 3G, BE BN IN, &AERS T 755
S B H R 2 S s mt. % 75 3t sl
WIAE 6 ANHEMAR A LTI B 7 588 NS AL R,
AL R 38 AL B B (NA) N 7.71 £ 4.63, Hoh
517 5 (68%) ¥ H B M i 2 & » (PIC =
0.5, &L S FEEE (4p) 7€ 1.311~8.909, F 1
N 3.706; WA E (Ho) £ 0.010~0.83, TN
0.455; MHHE J A B (Hp) 1£ 0.030~0.837, “FI¥J A
0.461; Fig 7£-0.586~0.093, “F1J5 0.049; Fip 1E
~0.262~0.853, F450.302; Fyp £-0.010~0.794,
14909 0.200 (% 3)P. WG IR AT R T AT 00 45
Bonferroni % 1E (P < 0.05) &K 9 M iR A&
Fid B o F ekt i — B X A - A
&P 1 11 66 AL 3 1 IE A AT A I8 R B, X
fi7 512 18] (Man184 F1 Man251, Man228 fll Man257)
FEAE AL 8P, 9 ¥ Man257 Fil Man228 £i7 4
R E, B AR 64 /Nt H AN AF 6 A B st
e B Ar Y BEAT S R BE A B AL 2 R T R 8 A%
Mo AT

24 B EEZHEM. BESHSSK
A 38 64 A ST 5 A% B AT 75 A B3 A% 3%

®3 ET 6 MEHFH 75 1 EST-SSR i R IR fR &8
Table 3 Summary of genetic parameters for 75 EST-SSR
loci in six populations

%% Parameters “F451H Mean £ SE  Jii[H Range

FEE 4x 3.706 + 1.586 1.311~8.909
ZAMEEEE PIC 0.582+0.210  0.031~0.918
WMELAREFE H 0.455+0.013 0.010~0.830
WG He 04610011  0.030~0.837
FHRNIEZE R E Fis 0.049+£0.017  —0.586~0.693
BRI R PRI Fsr 0200+0.015  —0.010~0.794
MIEAE RH Fiy 0.302+0.021  —0.262~0.853

Ag, allele richness; PIC, polymorphism information content; Hg,
observed heterozygosity; Hg, expected heterozygosity; Fig, inbreeding
coefficient within populations; Fgr, genetic differentiation index among
populations; Fir, inbreeding coefficients with individuals; similarly for
Table 4.

B EST-SSR £z s 405, X+ 3 AN w18 &A1 3 4>
Jit 7 LB AR S BT R L, AR I ST 38 5 A
B (N #£ 3.047 (YSMC) ~ 4.688 (ZN), F N
3.823; A AEEALIE K L (Np) 7F 2.204 (RYS) ~2.741
(ZN), “F ¥R 23305 WM % A& G E (Ho) 7E 0.437
(RYS) ~ 0487 (ZN); A ¥ 4 & & (Hp) 1F 0.428
(XNXS) ~0.528 (ZN) (£ 4). Jm 5 &8 i 15 5.
HEAR S AN B i A 2 FE e, H DGR B HOR
HJB (ZN) Bk Ao & BEAR R [ 2 R (FE) 1R
—0.064 (YSMC) ~ 0.089 (ZN), V14 0.010 (% 4),
b & AR N L AAEAEIE A (Self-crossing) o

iz ] STRUCTURE %K {4 1) DU 37 J K07, W]
¥ 6 MR AL F 0 KA — BB WA Fh, A
AEAE B 1 T 980 A8 1) e A SRR A I 2 R BN
(B 1A, B)e EBA A ERER, HEER 67.62%
M2 — F o PCOH 6N TFAEHRAKX NG
STUCUTRE 45 R — MMk, H AR 19.07% 1)
B E WS (PC,) ¥ 5 UK & 51 YSMC B AR A1 )
RPN BEAR X 20 IF ok (| 1C), XKW, 55 W TE
2T B AT A Hb B B B A O I B AL A 4, HE T Nei’s
18 A% BE B 1K) UPGMA 45 BL ik — 20 SCRE T 10k #E W
(K 1D). =T iR 85 R 1) 5> & AMOVA 75 # 45 R
TR, 64 L AR RE IR AL AR S AR
(62.95%, Fyr =0.370 5, P = 0.000 0), F: 4% ¥k Jy Fib
[f] (24.56%, Fer = 0.245 6, P = 0.000 0). Fh P4 B 44 [a]

http://cykx.1zu.edu.cn



54 FEITT A FET RSN KT U 15 & EST-SSR ARG K 5 5 1iE 723
=4 ET 64 1 EST-SSR il S B IR1E S 3
Table 4 Genetic diversity parameters of populations revealed by 64 EST-SSR loci
RS EZne-3P5E i BRENERY  AAEEE O WRMEE MBI G RE li] 2 F 3L
Population code Na Ng Ar Hq Hg F
XNXS 3.438 +£0.232 2.227+0.156 3370+ 1.781 0.444+0.034 0.428+£0.032 —0.047 +0.020
RYS 3.484 +0.208 2.204 +0.145 3410£1.600 0.437+0.030 0.445+0.028 0.005 £0.030
YSMC 3.047 £0.146 2.173£0.123 3.005+1.373 0473+£0.036 0.442+0.031 -0.064+0.027
HZLZ 4328 +£0.271 2.452+0.162 4173 +£2.036 0.481+0.033 0.495+0.028 0.063 £0.033
HZXB 3.953 +£0.244 2.184+0.128 3953+£1.955 0.454+£0.031 0.456+0.027 -0.001=+0.030
ZN 4.688 +£0.322 2.741 £0.204 4.532+2.421 0.487+0.031 0.528 £0.028 0.089 £ 0.029
*F-) Mean + SE 3.823+£0.104 2.330 £ 0.064 3741 +£1.950 0.463+0.013 0.481+0.012 0.010+£0.012
A 10 XNXS RYS YSMC HZLZ HZXB ZN B o . 250
0.8 .
-1t a bt
0.6 = { 1 200
0.4 X -12 t
gé g Ll 1 150 f
' M. archiducis-nicolai M. ruthenica E 1 100 g
C 003 g M7
025 | . = s | 1%
YSMC :
0.02 1 -16 ‘ ‘ : : - ‘ 0
S 015t 0 12 3 4 5 6 7
S 001} HZXB
: : -
< 0.05 | ZN HZLZ | M. ruthenica
S e HZLZ
—0.05 FHZXB 7N
o010 | XNXS
' RYS.* YSMC
-0.15 - - - :
-3.0 -1.0 -2.0 0.0 1.0 2.0 3.0 RYS M. archiducis-nicolai
PC, (67.62%) 0.05 4E
—_— XNXS

1 BFEEREHDHT

Figure 1 Population genetic structure of six populations

A. STRUCTURE Ef 14 43 4. ;

B. STRUCTURE # 40 H (K ) #i s C. Lo 47 Hrs D. H T Nei’s 8 1% #5 & () UPGMA B 1k 7 41 .
XNXS, RYS, YSMC, HZLZ, HZXB, ZN EREEARMAID, L 1 51,

LEAGE

A. Individuals and populations assigned to the STRUCTURE-inferred genetic clusters for K = 2. B. Plot of InP(K) and AK from STRUCTURE analysis,
which shows optimal clustering of the six populations for K = 2. C. Principal component analysis. D. Unweighted pair group method with averages
dendrogram based on Nei’s genetic distance. XNXS, RYS, YSMC, HZLZ, HZXB, and ZN indicate population codes of the six populations as listed in Table

1; similarly for the following tables.

(9.91%, Fsc = 0.131 4, P = 0.000 0) F1 #E 44 Py /> 44 7]
(2.58%, Fig =0.039 4, P=0.000 0) (¥ 5).
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Table 5 Hierarchical analysis of molecular variance (AMOVA) in M. archiducis-nicolai and M. ruthenica populations

A5 SRR HHE S5 Al A S 40 R SR E A EibrEi=E
Source of variation Degrees of freedom Sum of squares Variance components  Variation percentage/% Fixation index
i . Fer=0.2456
fiilE] Among species 1 632.257 577951V 24.56 cr
o ' ' a : (P=0.000 0)
b N AR ) Fe— o314
Among populations 4 356.244 2.33277 Vb 9.91 sc—
within species (P =0.0000)
FEAR P9 AR ] F 00394
Among individuals 88 1410.647 0.608 13 Ve 2.58 15+
within populations (P =10.0000)
N G Fi=0.3705
IMA A Within individuals 94 1 392.500 14.010 64 Vd 62.95 T
(P =0.000 0)
=42 5¢ Total 187 3791.628 23.534 24
Fz6 BFEEEIUREE (Fs
Table 6 Index of genetic differentiation (Fgp) between populations
HEAAACHS Population code XNXS RYS YSMC HZLZ HZXB ZN
XNXS 0.000 0.061" 0.231" 0.352" 0.377" 0.318"
RYS 0.000 0.240" 0339 0.365 0307
YSMC 0.000 03517 0377 0321
HZLZ 0.000 0.014° 0.093"
HZXB 0.000 0.106"
ZN 0.000

e ] ok I3 R TR BEAR ) FE7E 2 25 (P < 0.05) R 2. 35 (P < 0.0)FE 4% 431k

“*” and “**” indicate significant differentiation beweent populations at 0.05 and 0.01 levels, respectively.
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