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B, HE2WEswm, SEERNE ML
BTRGE  BEERIA RN ASREN RS, ML
A BT b Has e siat, BT LOA - Fhricki Bl e
il 7 22 5 1] B AP R LA RO LR BRI 43 F A i,
HA REEMBNE R O M A, Tk, SeBk
431 ( Association analysis ) &k f# #1522 B i
PRIRIB G IR — N E BT B, IR AT PR i
AEAEE ( Linkage disequilibrium mapping ) B¢
FEAEE ( Association mapping ), & —# L%
BT Al A AT, AR AR P A T B PR
A PP B e B B A5 AR e 5 H ROk B
KA W i, Harc) W H T RMAEY .
WEHT, KRB TN FH =2 L) A SRR
S, LA SR S HER R bR R AT G A3 A B A
fii&

i E L P (SSR) J iz i TR EZA
YRR A T, it EiRie, BAZ5 s, B
PEAF . (AR AERE S, SSR FRigIE LAY
WL REEA R B — PP EE S FhRid, w2 T
SIEAER AL T . SRR L BB R
AR, AU DR TE R P | AR R TR
Fpla) 3 9 NI AZ G Fy AUHFIAR (235 1N 5kk )
BoRE, FrRH 32 Xf 2 A28 SSR FRic Xf
AL R | BB RN ST T o0, FEt
Fehb b, ARWFIT 20X H AT AR AL 45 H N
R8T, I8 SSR bmic 5 Fy ARRAEK .
. I R R HOG A A AR AR SRR R B e
HEAT ORI AT, LUHARAS 5 R AR S i 4014
e, ASRIEEY i c i Bk R m A E e
7E A

1 AR

1.1 KRR

HEAP R HESERN A L SRR SRR )2 9 A~
A F 235 A58 Fy ARERR S H A (£ 1),
Hrp, 44EARYLZ1, YLZ 2, YLZ 24 Fl YLZ
26 WA CN) TR, YLZ 24 F2
KRG, YLZ 26 Rl &7 ™, YLZ 1 FYLZ
2 MR . AR HAE BT YLZ 14 1 YLZ 15
HEOLOUMRTCME 2R, SRR . RS R S
WA R A, RAER, PR Fa 20~
25 g, 2011 4 ad N T4 #5283 3R A 2 28 Fh 52

2012 FFIEFE T, 2013 AEHFZ AL A8 T E
MR, [FIRRAE AT A 1 AR E TRk, MRAT
PB4 mx4m, BEHITHEALTER, 235 H 1
FREAPR S FEAA: KR BRI R AT

x1 REZAGHAR

Table 1 Cross combination of chestnut
'S KA TAREE
Combination No. Combination Number of hybrids
C1 YLZ 26 x YLZ 14 14
Cc2 YLZ 26 x YLZ 15 30
C3 YLZ 24 x YLZ 1 30
C4 YLZ 24 x YLZ 15 30
C5 YLZ 1 x YLZ 24 30
C6 YLZ 1 xYLZ2 17
Cc7 YLZ 14 x YLZ 1 24
C8 BEZE Kuili x YLZ 15 30
Cc9 BEZE Kuili x YLZ 1 30

1.2 HmARES DNA R

T 2019 4F 4 A {5 R4 235 AR HpR K H R
ARG, ToE HUE R R, AR SRR AR I
M 3~5 f, RTHEME R ICH AEET, IR
F B B T2 T KBRS oty [ S2 i = .

R A S A W R A FAE 77 1 DNA
&I 235 hr F R HE AL 41 DNA, e
HU DNA 28 1% 1 B IR AR 5 HhL ARG 00 Jo et 5%
HMEIEEETHIEWE T, —20 °C IR FRA7ERH .
1.3 SSR#RIC5|¥iFE S EMERIKSH

M 120 X 51 4 v i vE AR TE W . 2 AN
B EEMEE 32 % SSRG1W, RAEMEH
KOS ITAREAR SSR ¥ 44 Wttt 43T (1811), 32
X SSR I EA{EE . SSR YL . B4 H
TR AT N AT WA AT AR 5T 02,

1.4 REMERUE

4T 2018—2019 4F (i%E%:2a) 1, 7. 11
A%t 235 iy FAREAR R Stk . b R R A K
HAA R . AR AN e, BTy
5 BARYEIA 5 A 0 i AR
1.5 HIESH

FIFH TASSEL 5.0 #4401 R & 58 bmic Al Y
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Note: the abscissa is the size of the amplified fragment and the

ordinate is the intensity of the amplified fragment.
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Fig.1 Capillary electrophoresis of SSR markers
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AR B AE 254 . K4 Evanno 551 (1 GE 114
L DU ARASR LT Delta K B X} 235 1532238 FA%
HATWRER 4y . BAEREASS, WILGEE B MCMC 1Y
AERGER RN BN 10000 ¥k, FF AVES %
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W 2~13, LIefhit T e s A2l . i3 Q
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K JH TASSEL 5.0 #1114 iy — fiit £ 14 455 A1
( General linear model, GLM ) FliE & £kt A5 71
( Mixed linear model, MLM ) X§ SSR #xic filf¢
SYERIEATRE T, GLM LL Q 7R M AR & k17
EE5 T MLM SR Q + K 74501

2 X500

#3X Fy REHEE R ERS

FER B 45 M R ME BN (LD) /KK
—ADEENER, WARECR Il By
AREREIE SR, ATRE B ML A5 A sk
A O OCHK , BB PSS R B, ik, 7E
PEATIRIR AT IS MR S AL A5 A ) A AN T e
ML B AWTFASR R, Y K=4 1), EZRTE
BB R85 (181 2), Delta K ERET K. L,
235 PIRAC Fy R AR 4 DR (K 3),
FEJR A 0.120,
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Fig. 2 Change of Delta K value under
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Fig. 3 Genetic structure of F, hybrid population
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Horprs s 4 RN £ R4 E C6 (YLZ 15 x
‘YLZ25) FMIC7 (YLZ 145 x'YLZ15), @
G CO MBI FAIR A, 5 R S ETHaEsE
UPGMA Fil PCA 73545 AR — 51,
2.2 SSRfRIZEEGAFEE D

FIIFH TASSEL 5.0 #ff-%F 32 %} SSR #ric i
TTESANEM (LD) b, MR4EFRICH R? Sk
SE WP bR G R A SCBXRE B, R RiEH ggplot
H1 pheatmap 1443 % ir 15 58 1 47 0T WAk 2 By
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i (I 4 dxt Mgk LR Rt b ), Hi,
74 A5 B BN S KOE A, B bRiE X
FLBI A 14.92%, HAY L 5 A3 BIURSF- i 7K S A X
BAK; 1 P < 0.01 B, KEEAT A5 8] 7% 8- iy
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SERMESOEEIIS . LD /rHras %1 32 4~ SSR
7 1 ) BN S AT KA

pvalue

ey 8002

GRS ozRo2ko8

2L250500550500

Gnao383850888  Rsquared
0

i
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
<0.05

4 324 SSR#RIZIE LD &4 IR
Fig. 4 The distribution of LD among 32 SSR markers
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R CELSE 2 a B F¥E ) 5 324 SSR Frid it
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AT, 53R 2,

GLM i rf | Eik 28 4~ SSR FRic A i 5 #
A 24 AR AR OREE, B TERR TG
TE) SEBC Y SSR 58 1~22 RS, BRI
[l A 4.65%~24.02% . AS[a] R SCIE A 037 S 5O

[, 3ANA MR, SRS A SR A7 5 R
%, k164>, HH{ik ICMA017s, PRD21 Bk
fife BESRAXT B 5, 43 BEfR FE 12.06% . 11.60%
AR AR S, A7 S AR RER I A L 10.00%
IAREAMER D, SRR AT B 22 PR T ]
PR, AR LA S AR R R AL, 47 8.00% LIF . 7
MR R A A AR B, R e i AR
K i B SR B S U &2, ik 224, M
W, IR ERE L MR S0 s CsCAT7 R
BRI RER, 730 16.70%. 18.73%; 5
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Table 2 Explanation ratio of associated markers with agronomic traits in GML and MLM models %
PR i A% P VEEAE R SR VR K REILIY
Trait Height/ . Ground . Crown An.nual branch Annual branch Kpot
m diameter/cm diameter/m thickness/mm length/cm spacing/cm
l\iléjegﬁn 6.23+0.80 15.44 £ 3.23 5.08 £0.70 6.32+0.61 42.38+5.08 2.63+0.30
I\/I*:rfer GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM
CmTCR4 5.50 6.21 8.24 8.51 11.02 11.08
CmTCR10 5.24 5.35 5.65 5.82
CmTCR13 6.15 6.15 6.75 6.97
CmTCR19
CmTCR22 8.85 8.85 5.56 5.59 5.25 5.19 5.01 5.06 5.76 5.73
CmTCR25
CsCAT15 7.09 7.09 5.55 5.69
CsCAT18 7.03 6.96
CsCAT26 4.81
CsCAT38
CsCAT41
CsCAT5 7.02 7.02 8.07 8.10
CsCAT7 8.81 8.81 5.59 5.62 5.01 5.19
CsCAT8 8.15 8.51
EMCs15 8.60 8.60 4.88 7.50 8.19 6.68 6.79
EMCs2
EMCs4 5.06 5.11
ICMA003 6.47 6.40
ICMA010 7.55 7.55 9.48 9.52 4.67 5.10 7..93 7.80
ICMA014
ICMA017s 12.06 12.06 13.79 13.88 8.59 12.78 6.19 6.23
ICMA022 6.57 6.57
KT010a 5.84 5.84
KT024a 8.66 8.78
PRA86 7.75 7.74 5.17
PRD21 11.60 11.60 7.49 7.50 5.67
PRD26 11.75 12.21 7.10 7.22
PRD52 5.45 5.59 6.64 8.58
PEgk AR KR B S5 T AR B AR
Trait Petiole Leaf lLeaf Leaf - Leaf _Leaf
length/mm length/cm width/cm area/cm? thickness/mm index
I\il,/?;aan 15.68 + 2.74 16.87 £ 1.47 5.84 + 0.61 71.29 + 11.96 0.178 £ 0.030 2.93+0.28
I\/Erfer GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM
CmTCR4 6.09 6.18 6.68 6.68 8.02 8.23 10.75 10.75
CmTCR10 6.08 5.97 4.81 6.08 6.72 6.65 6.70 6.19
CmTCR13 7.09 7.10 6.82 6.82 9.86 9.84 7.07 7.07
CmTCR19 4.82
CmTCR22 6.63 6.61 8.85 8.85 8.28 8.41 7.02 9.03 5.79 5.81
CmTCR25
CsCAT15 8.25 8.29 10.83  10.83 12.47 12.64
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Ve TR I T HHTBY R AR
Trait Petiole Leaf _Leaf Leaf . Leaf lLeaf

length/mm length/cm width/cm area/cm? thickness/mm index
,\iﬁ] 15.68 £ 2.74 16.87 + 1.47 5.84 +£0.61 71.29 £ 11.96 0.178 £ 0.030 2.93+0.28
M*jrikaer GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM

CsCAT18 7.92 7.93 12.24 12.24 9.43 9.46

CsCAT26 9.26 9.26 8.98 9.03 7.92 7.92 6.70 6.73

CsCAT38 4.66 6.62

CsCAT41

CsCAT5 7.20 7.22 8.63 9.31 5.93
CsCAT7 8.07 8.09 16.70 16.70 18.73 18.51 8.48 14.69 5.15 5.21
CsCAT8 6.48 8.31 6.98 7.07
EMCs15 4.90 2402  24.02
EMCs2 7.23 7.36 6.65 6.65 7.91 8.19
EMCs4 8.53 8.53 8.04 8.04 9.86 9.85
ICMA003 7.83 7.80 5.84 6.73 6.20 6.20
ICMA010 5.70 6.59 11.91 11.91 11.49 11.59 6.26 6.25
ICMA014 5.86 6.48 5.98
ICMAO017s 9.72 9.81 16.69 16.69 14.17 17.46 6.85 9.07 5.34 5.36
ICMA022
KT010a 6.40 5.84 7.10 7.10 5.62 5.90
KT024a 5.16 4.93 16.16 16.16 12.59 12.50 8.35 8.34
PRA86 10.43 10.41 14.08 14.08 13.61 13.61 10.90 15.87 11.23 11.28
PRD21 10.45 10.52 11.13 11.13 10.18 10.12 5.56 10.02 10.08
PRD26 7.62 7.62 12.43 12.43 12.18 12.22 6.58 7.19 5.15 5.60
PRD52 11.92 11.93 8.89 8.89 10.47 10.43
PR - i A S Pl H4kKa 4R Zb LR B R
Trait Fregh leaf Dry leaf S_pecmc Ieaf Chloroph_yll al Chloroph_yll b/ Chlorophyll a+b/
weight/g weight/g weight/(g-cm™) (mg-g™") (mg-g™") (mg-g™")
,\i{i 1.43+0.31 0.68+0.14 0.0095+0.0010 0.42 +0.08 0.23+0.03 0.65+0.11
Mfr)t(aer GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM GLM MLM
CmTCR4 9.96 10.25 11.98 12.53 11.62 11.39

CmTCR10 7.30 6.22

CmTCR13 9.65 9.67 11.00 11.15

CmTCR19 4.68

CmTCR22 6.16 6.24 6.91 7.06 8.27 7.23 5.05 5.24 7.05 7.69 5.64 5.94

CmTCR25 5.86 6.40 6.63 7.11

CsCAT15 7.41 7.56 8.37 8.65

CsCAT18 9.12 9.20 13.17  13.35 5.02 4.65

CsCAT26 572 6.20 5.78 6.25 7.77

CsCAT38 4.97 5.21 6.60 711

CsCAT41

CsCAT5 8.77 8.78 10.13  10.20 6.16 5.79 5.89 4.78
CsCAT7 11.36  11.13 1246  11.99 9.27 8.16 4.91 5.86

CsCAT8 6.24 6.30 7.11 7.23 5.15

EMCs15 12.07 11.89 14.04 13.62 16.20 15.25
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PEIR
Trait

B 5
Fresh leaf
weight/g

L s
Dry leaf
weight/g

Ll o
Specific leaf
weight/(g-cm™)

it za
Chlorophyll
al(mg-g™')

M4k Eb
Chlorophyll
b/(mg-g™")

HEELE
Chlorophyll a +
b/(mg-g™')

#iiE
Mean

1.43 £0.31

0.68+0.14

0.0095 +0.0010

0.42 +0.08

0.23 +£0.03

0.65+0.11

Frid
Marker

GLM MLM

GLM MLM

GLM MLM

GLM MLM

GLM MLM

GLM MLM

EMCs2
EMCs4
ICMA003
ICMA010
ICMA014
ICMAO17s
ICMA022
KT010a
KT024a
PRA86
PRD21
PRD26
PRD52

7.96 8.36
7.45 10.04
5.16 5.09
14.63 14.75

13.73 13.86

6.92 6.78
10.27  11.90
7.54 7.47
9.66 9.67

10.68 11.48
9.10 8.95
584 6.30
14.99 15.22
15.50 15.76
5.04 5.16
6.44 6.18
12.88 12.69
8.38 8.31

9.89 9.93

4.65

7.52 7.16

14.45 13.30

8.23 7.74

4.77
5.93 5.66

6.09

4.90

4.97

PR
Trait

ESUEAN

Carotenoids/
(mg-g™")

ik > B A
Branch angle
of vein/(°)

2 UG
Number of leaf
edge teeth

42
Leaf tip
angle/(°)

A
Leaf basal
angle/(°)

ik
Leaf vein
number

HiE

Mean

0.47 £0.13

58.37 + 3.84

30.88 +2.89

25.81+£7.16

112.98 + 11.68

34.93+2.70

Frid
Marker

GLM MLM

GLM  MLM

GLM MLM

GLM MLM

GLM MLM

GLM MLM

CmTCR4
CmTCR10
CmTCR13
CmTCR19
CmTCR22
CmTCR25
CsCAT15
CsCAT18
CsCAT26
CsCAT38
CsCAT41
CsCAT5
CsCAT7
CsCAT8
EMCs15
EMCs2
EMCs4
ICMA003
ICMA010
ICMA014
ICMA017s
ICMA022
KT010a
KT024a
PRD86
PRD21
PRD26
PRD52

5.21

4.95

844 854

5.58 5.68

5.46 5.60

5.87 5.96

8.89 9.93

7.26 7.30

4.67

6.15 6.25

4.97

8.80 8.88

5.07 5.04

6.36 7.66

6.40 6.40

5.96 5.96

5.06

7.20 7.20

5.16

5.90

5.07

5.47

7.95 7.95
5.33

9.47 9.47
5.76
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SRERIMA A, WA N {517 4 CsCAT18
FHOCHE, 2055005 ICMAO03 AHCHE, M4t
a {V 5 CmTCR22 fil CsCAT18 #HEEE, Mk
115 CsCAT26 #i1 ICMAO10 fHEHE . HAh, A
[ SRR ER B A AT, Horp {7 45 CsCAT41
I REMFRE 4.67% MM RAAES, i ICMA022 X
REfABE 6.57% MM R AR S, T CmTCR22 5
B HIARAE 17 DR EHAR IR, SRR A
Z, (AR 7E 10.00% LT

MLM #8751 26 4> SSR A i, 55 b 1 25
23R AP B O, BRI N
5.04%~24.02%. 5 GLM BB CI A3 HT (425 S AH
L, BB R OCHR A AL B8 LA SR o s IR P
REA Frik b, (AfgRRE R AR, Hrif
& CsCAT18 INF 5 2EEH % h Z M43 a Xk,
i i, CsCAT26 ANH-5 I ik oA £ ik

ZEA PIRIBR SCBC AT 4 S, &P 15 4~ SSR
Prig 5k e . AR . @E 34 KR OCHR,
14 4~ SSR bRic 5 1 AP AR AR | 1 AR A RS
. R 3 AR A HEROCE, 26 4> SSR frid S
MR AR 18 ANt R A T O A A B R G
B, iE—25 %4tk i B G SSR ARic AT

PEOT, BA&AEH ICMAO17s 45 15 Mrid a5l 5
PR AE 13 R S OCIE, Anie xR i
BERITE 10.00% LI (£ 3), Hi, ICMA017s
53Rk CE, PRD21 S EHRE
R, X 24> SSR ARiC 5 HERHAA: K 5
& ; PRD26. CmTCR4 73 %5 1 4 A4 K 40 0L
JE AR SRR EE R R, KX 2 Mrids
TR RK A REMX; PRA86 4 15 Mrid i
SIS RN TR, R 8 3R
RIMR S B, RIS EM AR AT
FEARDG, [FIRE, I AR OCI bR i
ZESERA, Fo g B G A AR Te A
k104, Hychnt 5 SEEE A AL, #5594,
B BB bR ic U b, X 24>, Beoh,
WAELE [ —Aric [R5 2 MetRm B G 4R
W ICMAO17s Sh iy . i . dAe . ™A 56 .
T AR I R T A R T B B A R B G
0%, PRD21 S5k, MR KB, MR seE . g
SR B OCHE, CmTCR4 5 1 4E AR 4 KB .
MR JREE . R M T T A
G, RIS R RE R I 2

&3 MIKEEXE SSRHRELIT
Table 3 The traits with high associated SSR markers

PR B3R fil e
Trait Significant associated markers Explanation ratio
Jﬂit ICMAQ17s. PRD21 11.60%~12.06%
iz . ,
Ground diameter ICMA017s 13.79%~13.88%
A o .
Crown diameter ICMAQ17s 12.78%~12.78%
VA L o o
Annual branch thickness PRD26 11.75%~12.21%
VEAR K o .
Annual branch length CmTCR4 11.02%~11.08%
AN PRA86. PRD21, PRD52 10.41%~11.93%
Leaf length
S CsCAT7. CsCAT15, CsCAT18. ICMAO010. ICMA017s. me, o
Leaf width KT024a. PRA86. PRD21. PRD26 10.83%~16.70%
T CsCAT7. CsCAT15. ICMA010. ICMA017s. KT024a. o o
Leaf area PRA86. PRD21. PRD26. PRD52 [ORE
") ]A.EE CmTCR4. EMCs15. PRA86 10.75%~24.02%
Leaf thickness
e
E:;/;Efézx PRA86. PRD21 10.02%~11.28%
Lﬁ =N
"h ﬁ)ﬂi; CmTCR4. CsCAT7. EMCs15. ICMA010. ICMAO17s. PRA86 10.25%~14.75%
Fresh leaf weight
i CmTCR4. CmTCR13. CsCAT5. CsCAT7. CsCAT18. 10.13%~15.76%
Dry leaf weight EMCs15. EMCs2. ICMA010. ICMAO17s. PRA86 e R
EAuS

Specific leaf weight

CmTCR4. EMCs15. PRA86

11.39%~16.20%
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AR, HE—MR FR 32 ZA bR s i il
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REMRRZIEZ Z I A EEER, B
BAEARBIAFAE—E B CBE, B H LA PR AT &
2RI T A M R A ASCR AN B, HIRWK .
R, 7E DNA KR 2 Fhnic x4k R
17 R B R B B AT SR o A LU R
9z A 1) 235 1y SR8 TR B #E 1A y bF
B, FEHATRHARBE S FLE I (LD) 43
Mrid 2 ml -, FIH 3240 £ 57 SSRiric 5
25 NAEMARIEAT RIS, LIS SR 2RIk
FHOGIK () SSR FRic v s, M h S @A 4 T
BB R 2438 AR BE R R AL PP 2
HER

TN - A B FR S BT AR A5 ( Gametic
phase disequilibrium) . B ¥ A5 ( Gametic
disequilibrium ) 5% % fi & [ ¢ B ( Allelic
association ), JEFEHHARMNAS R EEA FE A L (AT
PUEARIE, AR /QTL M S54RiC ) 18] (AR B
HLICEKI, LD 7Y ik b4 o A — B H LD 0
RO A LD B AGIN f) R B DR A ad, min vl LA
W LD et A% ol PG B A S s R, 5 T LA
L ORI ] — % € A 7% 35 PR e s B R 1) 22 2 A7
] LD AR PEHEFI T, AAF 58 LD 81k T )5
T, EREONEW, SR P < 0.05 B, 32 Xf
SSRARIC AL AL 496 A7 55 A7 FE — & W IE AT
fir, Hob, 74 A0S E SR B KRR,
SARICXT Y 14.92%, HA AL E SR T K1
FAXTEAG ; T P < 0.01 BF, 32/~ SSR i 4 i) i%
BT AR K42 o LD /K desg T I
(R R ATORG B, 2 T R SR IBE A3 T AR 0 1) B8 Bl
LD () —A> U] AR R BRI, SRR A
[, H LD 7K P& 2R A . 25 B Ak A R
i, LD FAERE— DS K Tk 24
PR 1 1 B A D 0 55 B 22 O[] ok R 1 F SR A 1
H LD K — el [, BEAIR AT a5 |t
A T AL 9 S V5 R 255 437 35 PRI AR 36 fr) 4 € 4% 1T 55 i
1Y LD AKSEUS, A 58 {0 4Rl i 25 9
MM G 235 In 28 FARAIR B BFIAR, HOEAR
W RHE SRR SE 2 ARG 7 SR R R O R
Ttk &R, It 2 s RIS B se e B 4l 7= A T

K A2 Rl SRIREChE 2220, Hij
Wt R R A G R A R FE sk
£ ( Shannon’s 2 #f 14 45 % 7 [l 0.8816~
1.1317) 2 H LD /KF51%.

TR S35 P ) A7 A R TR PR 457 3 DRI 3R () N 38
AR B YA AR B B BAPECER, 4
Wi A (L 5 X AR MR 52 e, X5 T By 1k A FH
PECBORAE R LU, L, BHARZSH TR
PRAT BT TTHE o ASBFFE T F I TS [R) 2858 21 A AR
IEE ASRIEIAR, fE—E g ARG A —E
MRS EFR, ML AR T 4540 40 A nRE A A
SR E R LR, AL (R B AR s i
RIAT RIS, WA M R e, fE—E
TR FARA R PH AR B a6 . BEAR L 25 rBr 3%
B, 4 K=4mf, Delta K{f it & K. i1k,
235 P38 Foy RBER AR 570 4 SR, H
B A AR R —Ersfe a1k, F
PRRAE R 0.120, g5 R 5N UPGMA
H1 PCA 7385 A —F,

RIR A7 MR PR, & —Fh DAL
[ AT A JE i, S B — R N BRIk S
FRICHER BT . SESWERISHHELL, ¢
A3 BT T AR AT T R iz s A 36, AT Rl A
Xof [F] — 35 PR B 1) 2 S LR EA T 208, T 48 G
I3 QTL AR BT B AE 5 R 2 R A e sc i 2
JE A, LR A — M H K 2 NS0 3E TR,
I3 BTV T S o7 B8 Ry oA R EL AT 8 v () o0 R
ATSEENT QTL BORSAiE fr, $& 28 B3 A 23 A
ARG HL, RBHTS QTL /ER AT RE BN
A, NIGESERI A E S N 2. E
FIAERY ) oy A5 TRk (Prunus persica L. ) 8 434
#E_1- 1% 53 4~ SSR FRict 5 104 173k Hb 75 i B BA2R
JoT e S A S R SR B R A T DGR A, 15 )
27 4~ 5 kB S R K 6 S W ) IR G IR Y
QTLs, fEHESE LKA IR 10 M6 95 i
S5 5 i Bl ARAL OB 17 X SSR ARiC 5 b S i
Jr iR SR T R 0T, 2R PR A 0 % R
AR REFITERD & F 73l ShRic CsCAT 5 il CsCAT
22 R OCHE , TKRHRAERT LIS Y 16 X 2
A1 SSR FRICKT 36 13 /I E B AE . WL R AE
14t} ( Paeonia suffruticosa Andr. ) #1KF #4756
EROAT, &I 34 SSRGS Hkkf T . B
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G B ZEREAE 9 MR i OCHE (P <0.01),
KIS HT T R AP RLE T LU A SRR, tonT U2
ZOEAR ISR A o ORI A B AR A T OCHR 43
B, AT LA AL Fy 22 R S AR EH AR MR
LA B X, ST R R R Fy e S
WAL RN, 2 X A% 8 3% B0 3 B R G o3 A A4
P45 5 1A f5 4 R P0, BRAR B N 16 A4 3G % Hk
( Liriodendron chinense (Hemsl.) Sarg. ) i [a] 2%
A TP 430 1 FAUAMAR, 7RI oA &
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TR I B A A SE R B SR 5 R Tassel 3.0
A 43 A W) A 1 18] Y 3 B F- i (LDAE ),
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A& IR T BE G, A et MR A i R R I TE
10.00% L) k.,

[, AW AR R —hRic [ i 5 2k
AR BE RIS, a1 ICMAO17s 5 1 i L
L . MR AR R M
T e 7 AR AR = B K, CmTCR4 5
VARAERSRR R . MR i T . AT
Jor e S b i B 45 5 AN PRIR I B OCHK , PRD21
e, R MR mHEE R 4 PR
BI BEOCHK s iR AEAE Rl —PRIR 5 2 A PR e B Gk
MG, i o v B OCHK 1Y SSR FRic At
Z ik 104>, H U vE B2 AT AR, ¥k
94, MR EERTE . MR LT E R
PR IR AR5 5. 3. 3124, KM
FEECPRICAL S AT RE[RI P 2R, B — PR
[F] i 52 Z bl Ao s i o IR AEMIR ( Salix
babylonica L.) ¥, HA{E0#A ( Larix kaempferi
(Lamb.) Carr.) # HI5 ( Vigna unguiculata (L.)
Walp. ) Pt A & 8. BB e —
AR 24 ZARIRECE FE X sk ZARIR Y
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Genetic Structure and Association Analysis with Agronomic
Traits of F, Hybrids of Chestnut

JIANG Xi-bing', ZHANG Ping-sheng', ZHANG Dong-bei’, WU Ren-chao?, WU Jian?, WU Cong-
lian?, LAl Jun-sheng?, GONG Bang-chu'

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China;
2. Qingyuan Bureau of Natural Resources and Planning, Zhejiang Province, Qingyuan 323800, Zhejiang, China)

Abstract: [Objective] To analyze the natural allelic variation which controls agronomic characters and ob-
tain the associated SSR loci of chestnut for supporting molecular marker assisted selection and efficient
breeding. [Method] A total of 235 chestnut hybrid progeny populations covering 9 cross combinations
were used to analyze the genetic structure and linkage disequilibrium (LD ) of the populations. And asso-
ciation analysis of 32 highly polymorphic SSR markers with 25 agronomic traits were conducted.
[Result] There was a certain linkage disequilibrium in 496 loci of 32 SSR markers when P < 0.05, among
which 74 loci had a higher level of linkage disequilibrium than the others, accounting for 14.92% of the total
marker pairs. However, when P < 0.01, the overall level of LD among the 32 SSR loci was low. Genetic
structure analysis results showed that when K=4, the Delta K value approximated the maximum. The F;,
mixed population was divided into four sub-populations, and the distribution of offspring in each sub-popu-
lation showed a certain degree of genetic differentiation, with an average degree of mixing of 0.120. In the
GLM model, up to 28 SSR loci were significantly associated with 24 agronomic traits, and the associated
SSR loci ranged from 1 to 22 for each trait, with interpretation rates ranging from 4.65% to 24.02%. In the
MLM model, 26 SSR loci were significantly associated with 23 traits, and the interpretation rates ranged
from 5.04% to 24.02%. Based on the correlation analysis results of the two models, 15 SSR markers were
associated with 3 growth traits, 14 SSR markers were associated with 3 branch traits, and 26 SSR mark-
ers were associated with 18 leaf phenotype and photosynthetic physiological traits. [Conclusion] 15 SSR
markers including ICMAOQ17s are highly correlated with 13 agronomic traits, and the interpretation rates of
markers for traits are more than 10.00%. In addition, there is a phenomenon that the same marker is highly
correlated with multiple traits and the same trait is highly correlated with multiple markers.

Keywords: Castanea; hybrids; SSR marker; population genetic structure; association analysis
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