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Abstract In this study we aimed to screen the molecular markers and their effective alleles related to
bacterial wilt resistance (BWR) in Casuarina equisetifolia and promote the breeding process of resistant cultivar.
53 Casuarina germplasms were used as natural population materials, and 223 Casuarina EST-SSR markers
were typed and screened with the gene pools of resistance and susceptibility. Structure 2.3.4 was used to analyze
the population structure, SPAGeDil-5a was used to calculate the kinship coefficient, and TASSEL mixed linear
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model program was used to perform correlation analysis between Casuarina BWR and markers. 47 related
markers were screened and they did not deviate from Hardy-Weinberg equilibrium. Casuarina germplasm was
divided into two groups by population structure analysis. Correlation analysis results suggested that EST-SSR
marker sites of CASeSSR253, CASeSSR022, CASeSSR359, CASeSSR241, CASeSSR242, CASeSSR263,
CASeSSR056, CASeSSR052, CASeSSR176 and CASeSSR258 were significantly related to Casuarina BWR (P
<0.05), which explained 12.6% to 60.1% of Casuarina BWR. Alleles of CASeSSR359-386bp, CASeSSR359-
370bp, CASeSSR052-237bp and CASeSSR052-255bp displayed relatively high plus effects on phenotypic effect
(> 20.0), and alleles of CASeSSR253-202bp, CASeSSR022-190bp, CASeSSR022-196bp had high minus effects

on phenotypic effect (> 30.0).
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Tab.1 The clones and the disease index

s PR SRR bumdEE | as IR kK e E | KMER SRR IR ElER
No. Clone Origin Disease index || No. Clone Origin Disease index || No. Clone Origin Disease index
01 1 Ginyes 92.7 19 83 Ginyes 52.9 37 fi2  fmgk 95.4
02 2 g 48.8 20 G88 A 43.8 38 fufgl gk 64.0
03 12 g 61.0 21 91 g 50.4 39 Gl &R 100.0
04 13 fizhe: 82.4 22 105 fizhe 64.0 40 X2 K 72.0
05 16 i) 50.0 23 501 IR 100.0 41 KI8 JFR 272
06 20 i3] 50.0 24 503 IR 100.0 42 K13 JHR 92.9
07 21 oA 50.0 25 601 &R 82.8 43 B g 62.3
08 27 a3ee] 50.0 26 701 IR 74.1 44 b4 FEEE 62.3
09 30 IR 100.0 27 7013 AR 53.2 45 C7 IR 50.0
10 34 jagra) 50.0 28 Al IR 100.0 46 F2  fEE 53.3

11 37 ek 40.7 29 Al3 TR 78.0 47 Fs5 gk 98.2
12 41 g 96.1 30 Al3 &R 47.2 48 H20  fEE 76.1
13 45 fizye 100.0 31 A8 IR 58.7 49 Xl IR 100.0
14 59 fizhe: 42.3 32 A82 K 89.2 50 A8 fag 100.0
15 65 g 42.1 33 %9 iHE 473 51 1 R 50.4
16 76 g 76.1 34 W2 Finyzc 76.7 52 T3 AR 63.7
17 77 fizyes 82.1 35 W6 Ficye 97.4 54 Al4 TR 51.7
18 82 fizhe 44.9 36 WEH MR 100.0

FH GenAIEx 6.4.1 &2 "7 ik Hh e B S R 3t
fie 22 5208 HANVR B - IR P A bs iC B 50k 4y
Bro FIFH Structure 2.3.4" #RAFA3 BT AR B AR A1
BHEFRZER, B WA (K) MEBUEEE 1~16,
# MCMC ( Markov Chain Monte Carlo ) FfJ Length
of Burn-in Period ( AME£EIL) &4 100 000 ¥,
A KEEZIEIT 10 K, HASHECRMBINE
. RE nP(D)HE AK, DL AK fx K JE ) Bk
BURE A IR (K), R4 S R 3
PR & T4 KOERE R MER (O fH ). FIH] SPAGe-
Dil-5a S {4 U IR BUHE R b LA AR (] SE 22 6 R R
BOKHFE, BT O+K B, 4% TASSEL 3.0 4K
P8 U MLM BEA 22 P<0.05 B A SE KA 2,
THRRROA R SRR (R,

132 FE%FRAE P RSN
(null allele ) 75 P 153045 1 % / Ul sk 5037 78 5
FIYNAE (A,), B CHEPR 0 BRI / Dl 3k 55
PEAR S, B — AR e R / VR A AR S A 8
BN AR R A e B 1G85/ WA { (AAE), I
AR (AN ), 4= x,;/n, =Y N/ ny;

AAE=Y a,/n.; AN=AAE /(Y N,/ n) x 100%.
(x;: 5657 DEA AR B RENE; n: B
AN B A RS N BB A BA TORE
7 F RN R UG 5 nye BAT ORISR LR )
MMAEEL a: QIR NS ¢ DGR/ WOk AFEAL AR
SERABUBNAR; n: SRR SN IERL / DRk S AR
FEL)
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A 49 ANFRICTEDT . TR PRl v 48 57 5 PRI AT 23 2
51k 80% LA I, H CASeSSR244 5 CASeSSR064
P PR IO 250 - P (3R 2), B4
47 NFRICVE R ORI HrbRic, FIATX 47 Mmicxt
SRS TREAARZE A AT 5 R R RO TR
2.2 BHELEANW

M4 4580 )5 56 M % InP(D) 8 AK, Tl at
AK R R (K), UL AKA{EERETRY K E
R AE RS, MBI 1A AT, Y K=2, AK{H
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Tab.2 Results of 49 EST-SSRs Chi-square tests for Hardy—Weinberg equilibrium

' Frid A R BEE || W5 Frid H 7 B
No. Marker DF Chi-square  Significance| No. Marker DF Chi-square  Significance

1 CASeSSR004 36 216.801 26 CASeSSR209 36 314.538
2 CASeSSR022 10 92.005 27  CASeSSR216 3 77.404
3 CASeSSR024 28 90.580 " 28  CASeSSR217 28 207.750
4 CASeSSR027 6 33.079 29  CASeSSR226 36 210.618

5 CASeSSR034 21 196.403 30 CASeSSR230 55 230.060

6  CASeSSR041 136 415.891 ” 31  CASeSSR232 10 53.294
7 CASeSSR048 21 153.442 32 CASeSSR238 36 124.481
8  CASeSSR052 45 327.174 33 CASeSSR241 55 220.705
9  CASeSSR056 36 66.620 - 34 CASeSSR242 10 62.294
10 CASeSSR059 3 46.815 35  CASeSSR244 6 2.182 ns
11 CASeSSR064 45 67.375 36 CASeSSR252 55 162.977
12 CASeSSR066 3 71.086 37  CASeSSR253 91 240.846 ”
13 CASeSSR069 78 267.345 38  CASeSSR257 6 53.755
14 CASeSSR076 28 146.670 39  CASeSSR258 3 19.566
15  CASeSSR100 66 142.854 40  CASeSSR259 15 137.901
16  CASeSSR108 55 150.108 " 41 CASeSSR263 66 108.962
17 CASeSSRI112 91 373.336 42 CASeSSR264 36 90.240

18  CASeSSRI25 28 221.103 43 CASeSSR293 15 48.336

19  CASeSSR134 21 147.959 ” 44 CASeSSR304 15 184.583
20  CASeSSR140 15 96.864 45  CASeSSR307 3 36.522
21  CASeSSR141 3 37.861 46 CASeSSR359 21 67.807
22 CASeSSRI156 28 90.326 47 CASeSSR372 45 112.927
23 CASeSSRI165 105 409.328 " 48  CASeSSR387 15 224.824 "
24 CASeSSR176 6 53.000 49 CASeSSR400 21 126.252

25  CASeSSRIS5 45 220.195 ”

H: THERP<0001; TFRP<001; TFRP<005; ns EREFARE.

Note:

K, BIPSHE AR AL 2 SERE, R 53
By AR B b R B4 Ay 2 AR, BA Ry
JG B R In P(D), 41HFMHHA RR B miE 2 5%,
ZHAE DA R B A A — B s . O (HITE
SR EI: A S MBS A TR AR O
EHAFRART 0.5, XFRWTHSIMEERTIHA 2
ABEP R —A, BEARZE R, B o AT
i G UEA CER A BT B AR B, A v DR
SRR

PR B BRI ZE M R 1B, S RE 1 A 34
NIMER, WEE2 08 19 N EER, KRFEARY
ZRMBHEAS R RS th B0 40 A, X SR

"indicate P < 0.001; " indicate P < 0.01; " indicate P < 0.05; ns indicate not significant.

(3 435 i BELR VR 22 0] AT SR EBX &R, X ST
AR T R ISR L O R T A AR — 2k Y
2.3 KBS

% 3 KRBT &5 T W A 10 Msid 5
Mo hitE B E ML (P < 0.05), AHXEARICH A
A SFRRBERE R, N T 12.6%~60.1% Z 0], H
A S Mhid A RN, rid CASeSSR359.,
CASeSSR052 5 CASeSSR056 14 &4 % v {8 5% K,
P 191, 18,1, 11.7, AR ) & AR S i ¢
FAHIN 19.1%, 18.1%., 43.7%, WX sbric
ERATTERR B Y P0 s % B AT BEMERCR
AT ) FH 32 B AR 0 X6 A SRR B8RS 5 I ) 7 A e Bt
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AU PR . BR T CASeSSR359, CASeSSR052
bR g A0 1) H A 8 AN bR ic ¥ B A WU RN, CA-
SeSSR022, CASeSSR242. CASeSSRI176 I
R, 439k 3222, 22.0, 21.4, A Ay 8IS
SRR N 35.9%, 20.7%, 12.6%, ¥4
W3 S bR 10 -5 8 o SE B T RE AR, Tl
FHIX EEbRIC YRR D) BAE M B
2.4 fLEMEN R BRRRBISA

Y 2% 4 0] WL, ELA 3 %503 B 856 45 AR
[ 56 B¢ {7 25 A CASeSSR052. CASeSSR056., CA-
SeSSR241, CASeSSR263 } CASeSSR359, HFAR
23 N 29371, 6.1~17.3, 2.0~53, 2.1~138,
115~27.3, H AL 5 38 2% 5 67 A8 5 4 51 8. CA-

SeSSR052-255 bp (PE=37.1 ), CASeSSR052-237 bp
(PE=37.1). CASeSSR359-370 bp (PE=24.0). CA-
SeSSR359-386bp (PE=27.3 ), HAFJBA AR 1)
BRAV 25 A5 CASeSSR022, CASeSSR056, CASeSSR176.,
CASeSSR241, CASeSSR242., CASeSSR253. CA-
SeSSR258., CASeSSR263, H:H1 CASeSSR022-196 bp .,
CASeSSR022-190 bp, CASeSSR022-188 bp. CA-
SeSSR253-202 bp. CASeSSR242-227 bp. CA-
SeSSR253-186 bp. CASeSSR176-204 bp (125 25 S
BCRAION AR T 200, BRI, AIARSERI R
NAE KA A AR R, RO SR 0 AR ek
TTPLBEA KB URIE YA R TGE, A e Sehric il
WIER M R 155275 .

2 3 45 6 7 8 9 10 11 12 13 14 15 16
K

Sub-populatio

[ 1 RARE 53 M RBHALEN
Fig.1 Population structure of Casuarinaceae

n1

Sub-population 2

R 3 KEFRICHY F RGN . BRI R
Tab.3 EST-SSR associated with R. solanacearum resistance could be detected with MLM model in Casuarinaceae and
average positive (negative) allele effect

Fricd Py 2% iﬁé&iﬁﬁi %ﬁiﬁiﬁﬁ?

Marker P value Positive AAE Negaitive AAE
CASeSSR253 0.003 60.1 - -14.0
CASeSSR022 0.009 359 - -32.2
CASeSSR359 0.017 28.0 19.1
CASeSSR241 0.018 473 3.6 -10.5
CASeSSR242 0.028 20.7 - -22.0
CASeSSR056 0.029 43.7 11.7 -4.1
CASeSSR263 0.031 52.6 7.4 -0.81
CASeSSR052 0.031 29.9 18.1 -
CASeSSR176 0.034 12.6 - -21.4
CASeSSR258 0.049 14.7 - -53
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Tab.4 Associated loci and phenotypic effect for R. solanacearum resistance

ZEATEE Allelic plus effect

ZENTIRAL Allelic minus effect

fric SORB FM O RN S0 SAUTB FE RSN S
Marker /bp B 1% LA AL /bp G54 /% A B
Allele PE AN No. of carriers Allele PE AN No. of carriers
CASeSSR253 - - - - 186 24.1 293 24
- - - - 196 9.6 11.6 20
- - - - 202 339 412 9
- - - - 214 5.5 6.6 11
- - - - 222 0.6 0.7 8
- - - - 226 10.4 12.6 6
CASeSSR022 - - - - 186 19.3 19.8 30
- - - - 188 243 25.0 13
- - - - 190 437 449 15
- - - - 196 414 425 17
CASeSSR242 - - - - 223 16.5 18.7 50
- - - - 227 274 31.0 30
CASeSSR176 - - - - 204 23.1 259 45
- - - - 219 19.6 22.0 53
CASeSSR258 - - - - 201 9.3 12.6 39
- - - - 233 13 1.7 50
CASeSSR052 237 37.1 70.1 7 - - -
239 12.9 245 19 - - - -
241 10.9 20.6 10 - - -
243 2.9 5.4 11 - - - -
255 37.1 70.1 7 - - - -
257 16.3 30.8 29 - - - -
259 9.1 17.3 8 - - -
CASeSSR359 370 24.0 48.6 50 - - - -
380 13.5 27.4 23 - - - -
382 115 232 6 - - - -
386 27.3 55.4 6 - - - -
CASeSSR241 265 2.0 2.6 9 247 6.0 79 44
274 53 7.0 10 256 12.0 15.9 15
280 13.4 17.7 22
CASeSSR056 220 6.1 9.1 36 228 5.6 8.3 10
234 17.3 258 9 238 24 3.6 14
- - - - 240 4.2 6.3 16
CASeSSR263 176 2.6 38 19 164 0.9 13 13
180 11.1 16.0 6 166 0.7 1.0 31
186 13.8 19.9 6 - - - -
192 2.1 3.1 7 - - -
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TURAE = WM P, AR RS B Al bt
PERYSRSSER T 52 R RIZ N A, 3852 H B A KR H
RATT X BIEE RN F R, S IRib T
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