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Abstract: To explore the genetic variation and heterosis of growth and shoot traits of F, progeny of Casta-
nea during young forest stage and lay a theoretical foundation for parent selection and early selection index
screening of Castanea , we used the progenies of 9 combinations (interspecific and intraspecific cross be-
tween C. mollissima and C. henryi) and their parents as materials to analyze the genetic variation and
heterosis of growth and shoot traits in study. Meanwhile, The genetic distance among 7 parents was detec-

ted by SSR molecular markers, which was used to analyze the relationship between the heterosis of growth
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and shoot traits and genetic distance of parents. Results showed that: (1) there was a high genetic varia-
tion among growth and shoot traits for F, progeny of Castanea. The variation range of F value about traits
was 5. 08 — 22. 03 among combinations, and the variation coefficient within combinations ranged from
6.60% to 27.69%. The general heritability of each trait is above 0. 5, except for ground diameter, the in-
heritance of transfer ability of other traits were all above 100% , which indicated that the traits were greatly
influenced by heredity and high genetic stability. The mid-parent heterosis rate of each trait ranged from
—6.01% to 44. 40%, and there was a general superparental separation phenomenon of F, progeny of
chestnut hybrids in growth and shoot traits. (2) A total of 115 polymorphic allelic loci were detected from
7 mating parents in 28 SSR markers. The number of allelic loci per SSR markers ranged from 3 to 5, and
the average was 4. 1. The mean of Shannon’s index (I) and polymorphism information content (PIC)
were 1.25 and 0. 674, respectively, which reveal that the genetic diversity were abundant in parents. (3)
There was a significant linear relationship between the heterosis of annual branch length, diameter, node

spacing and genetic distance of parents, and the genetic distance increased with the increase of heterosis.
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Table 1  No. of hybrid combination

%5 No. 732 414 Hybrid combination( % X $)

Cl1 YLZ 26 X YLZ 14

C2 YLZ 26 X YLZ 15

C3 YLZ 24X YLZ 1

C4 YLZ 24X YLZ 15

C5 YLZ 1XYLZ 24

C6 YLZ1XYLZ 2

C7 YLZ 14X YLZ 1

C8 BEEE KuiliX YLZ 15

C9 PBEEE KuiliX YLZ 1

S Gk A SRS Y) SSR 4 F AR ic A5 X 5T
SCHR Iy A R AE YRR R R A RO X 7
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Table 2 28 SSR primer sequences
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Table 3 Genetic variation of growth and branch traits of chestnut hybrid F, generation
FEAR PN 5 FAUB(E PR 2% 25t i 1% i{)( F i
Trait Hybrid Range Average of Standard ,%éiﬂ% Ccv Hz:ﬂ’zgjj mf’z:j] Fovalue
combination the hybrids deviation /% T,/% H?/%
C1 5.10~8.00 5.43e 0.74 13.63 108. 60 0.92
C2 4.30~7.80 6.06cd 0. 82 13.53 116. 99 0. 65
C3 4.20~17.50 6.19cd 0.69 11.15 111.73 0. 96
C4 4.00~6. 80 5.45e 0.75 13.76 104. 81 0. 88
W C5 4.20~6.70 5. 83de 0. 60 10. 29 105. 23 0. 38
Height/m C6 4.30~7.10 6. 83b 1.27 18. 59 125. 32 0.95
C7 6.40~9. 20 6.02d 0. 89 14.78 113.16 0.95
C8 5.30~8. 20 6.52bc 0.67 10. 28 105.16 0.42
C9 4.90~9. 50 7.74a 0.78 10. 08 118. 35 0.16
¥J{H Mean — 6.23 0. 80 12. 90 112.15 0.70 22.03" "
C1 8.50~17. 80 13.41cd 3.12 23.27 97.39 0.93
C2 9.60~22. 30 15. 33bce 3.29 21. 46 102. 34 0.27
C3 8.20~20.70 15. 36bc 2.63 17.12 99. 22 0.17
C4 8.50~17. 80 13.20d 2.13 16. 14 93.09 0.48
o i C5 9.60~18. 60 14. 36¢d 2.99 20. 82 95.04 0.24
Ground °5 . . . 36¢ . 9¢ . 5 .
dia/rZr(:er C6 7.40~22. 30 16.72ab 4.63 27.69 100. 48 0.94
C7 11.60~25.50 14.55cd 3.46 23.78 93.99 0.95
C8 11.30~25.00 17.22ab 2.98 17. 31 101. 95 0.11
C9 9.40~24.50 18. 79a 3.81 20. 28 105. 44 0.53
¥J{H Mean — 15. 44 3.23 20. 87 98. 77 0.51 8.05""
C1 3.10~5.90 4, 82cd 0.82 17.01 102.77 0.94
C2 3.60~6.05 4, 83cd 0.59 12.22 107. 81 0. 28
C3 3.90~7.15 5. 15bc 0.79 15. 34 113.19 0.12
C4 3.45~5.95 4.58d 0. 64 13.97 107.01 0.16
C/]Ar[{)%n C5 3.15~5.75 4. 83cd 0. 60 12.42 106. 15 0. 81
dia‘/“n?” Cé 3.55~6.45 5.57ab 0.93 16. 70 106. 10 0.95
C7 3.65~6.35 5. 08bc 0.82 16. 14 101. 60 0. 97
C8 3.10~6.75 5.19¢ 0.67 12.91 101. 96 0. 50
C9 4.65~6.25 5.65a 0. 44 7.79 105. 41 0. 97
{6 Mean — 5.08 0. 70 13. 83 105.78 0.63 6.73" "
C1 35.69~54. 28 42. 79abc 6.40 14. 96 116. 66 0. 87
C2 29.68~50.12 39. 68cd 4.68 11.79 121. 33 0. 20
C3 27.87~50.75 44, 18ab 6. 20 14.03 137. 38 0. 46
C4 34.30~58.72 45. 26ab 6.32 13. 96 137. 26 0.74
—AEARK
Annual C5 34.39~59.13 46. 44a 9.32 20.07 144. 40 0.61
branch
length C6 32.01~56.55 37.99d 6.41 16. 87 109. 86 0. 96
fem C7 30.33~53. 34 39.39cd 6.71 17.03 105. 21 0.92
C8 31.76~53. 60 43. 69ab 4,97 11. 38 113.58 0. 28
C9 27.25~45.16 41. 98bc 5.08 12.1 111. 50 0. 06
Il Mean - 42.38 6.23 14.69 121.91 0.57 5.0877




9 RO AL A R A A By AU R S A AR MR A A e S 2 AL o3 1587

%232 3 Continued Table 3

PEAR A 75 i FARIHE b 22 5 @j‘% 5)( F i
Trait Hybrid Ry;nme Average of Standard EX ga% 1 1) luﬁz:jj Fovalue
¢ combinations g the hybrids deviation /% T./% H?/Y% €
C1 5.25~7.65 5.93d 0.70 11.8 107. 04 0.93
C2 5.48~7.22 6. 36bc 0.42 6.6 116. 48 0. 96
C3 4.99~6.68 6. 48b 0.58 8.95 128. 83 0.23
C4 5.07~7.66 6.42b 0. 65 10.12 129. 44 0.70
— AR
Annual C5 4.80~7.12 6. 89%a 0. 83 12.05 136.98 0.08
branch
diameter C6 5.58~9.46 5.55e 0.70 12.61 107. 77 0. 87
/mm

C7 5.18~7.82 6.02cd 0. 46 7.64 102. 73 0.94
C8 5.70~7.60 6. 55ab 0.44 6.72 107.73 0.96
C9 3.60~6. 34 6. 68ab 0. 69 10. 33 108. 62 0. 97

18 Mean — 6.32 0.61 9.65 116. 18 0.74 9.65" "
Cl 2.30~3.19 2.66b 0. 39 14. 66 119. 82 0.92
C2 1.53~3.12 2.47cd 0.33 13. 36 118.75 0.92
C3 2.27~3.16 2.71b 0. 25 9.23 126. 05 0.97
C4 2.06~3.08 2.62bc 0. 27 10. 31 112. 45 0.47
In:alr?l(ﬁj%al C5 1.98~3.36 2.67b 0. 34 12.73 124.19 0.02
d‘jtcamnce C6 2.21~3.71 2.32d 0.31 13. 36 109. 95 0.79
C7 2.20~3.30 2. 58bc 0.22 8.53 114. 67 0.91
C8 2.21~3.42 2.92a 0.32 10. 96 114.96 0.70
C9 1.86~3. 21 2.73b 0.28 10. 26 115. 68 0.19

18 Mean — 2.63 0. 30 11.49 117. 39 0. 65 7.32""

T % x RIRTE 0. 01 K22 57 3 5 A S A [l B R i) — MR TE AR W 4L 5 [0 7E 0. 05 /K FAFTE R & 2257

Note: * * indicate significant difference at 0. 01 levels; And different letters in the same column indicated that the same character had sig-

nificant difference at 0. 05 level among different combinations

2.2 EBZLF REK BEEREMEEIN
H 3R 4 AT SRR AN R 2 38 G F ARV K BUAR
PERE P SERHR A —6. 019 ~44. 40% , ¢ KB
T BRi AR AR AN, A 4 SRR 4 K 2 A
B PR R S B B (P << 0. 01) Bk 3
(P << 0.05) MK, HHETBRMAARIAL 2 0
] ) rp AR B, Ho At 5 A IR 2 2 Bk OF ) rp g
dh, Hod, 44 C3.C4 1 C5 i —4E AR K —4F
AR B R R A SR B3k 28 % DL b, R A A
WL 4L A C1 M C8 Byt . CT Y 7 A2 Al — A4 AE b
FLE S R 3% LR P A4k 55, 45
BRISIEMR,9 MaLd A F, REERK B %
PR b A AR 5 R R B g Hoh L A C3,
C4 H1 C5 1Y —4F A B | — 4 A A R A4 ] B 1Y 2
HY I TR, MR 10% L B, B
AR I 11 8 2 O 34 M 35 3k B B B 3 K P (P <
0.01), R I Ky WY ;b i 8 S AR 34 M4l & C8 A M =5
AR BIE A C3.C4.C5 I C7 (AR ¥ H 4

Sk F XU 22 0], 2 30 B S 2 1 A7 1] SR A
2.3 EREYELAEBEESHERBEEERESN

N 120 X5 58 @ AR P i 5 | W rh R 28 X2 AR
PESIIXE 7 A BT PCR #7319 (% 5.8 1),28 Xf
Sl ALY 115 DRSNS BRI WY
B S SR DB 3~5 SRR I SR I B
4.1 2 MR ER ., Shannon's 8801 1
fHM 1. 25, 28 MG B & EPIC)FHE N 0. 674,
W RA N BA K& st Z M, 28 X gl G
JECH ) FCH O B3B8 5351 0. 273 9.0. 726 1,
SRSk H, e H., RUITE 1 SSR 5148 K
PRG35 76 Y 0 1R 2L A T SR DX B0 BR XL IR 9
(N DOBEEIE N 0. 265 0, FBH A EA 8] Bk R
FETESI B JE K 38 Ui .

U — A M (& 6) M T, 7 A4S S5 AR ) 8 A B A7
T RMES AT 0.216 9~1.113 5 ZE, Hrr,
YLZ 1 F1 YLZ 24 [8] B35 f% 05 526 e K, SR 4 & & i
MEL O YLZ 1 YLZ 14 8] 58t £% 88 fe /N, SR 406
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Table 4 Heterosis of growth and branch traits of chestnut hybrid F, generation
FEIR AEAE gk ok em cbwes GUE mam mwes mREsE
Trait combination  Female Male MPV H, R /% BPV H, RH,/%
C1 5. 20 4. 80 5. 00 0.43" 8. 60 5. 20 0.23 4,42
C2 5. 20 5.16 5.18 0.88" " 16. 99 5. 20 0.86" 16. 54
C3 5. 24 5. 84 5.54 0.65" " 11.73 5. 84 0.35" 5. 99
C4 5. 24 5.16 5. 20 0.25 4,81 5.24 0.21 4,01
Hf‘;ﬁ/m Cs5 5. 84 5.24 5.54 0.29" 5.23 5. 84 —0.01 —0.17
C6 5.84 5. 06 5.45 1.38"°" 25.32 5.84 0.99" 16. 95
c7 4. 80 5.84 5.32 0.70" " 13.16 5.84 0.18 3.08
cs 7.24 5.16 6. 20 0.32" 5.16 7.24 —0.72"" —9.94
C9 7.24 5. 84 6. 54 1.20°" 18.35 7.24 0.50" " 6.91
C1 14. 20 13. 34 13.77 —0.36 —2.61 14. 20 —0.79" —5.56
C2 14. 20 15. 76 14. 98 0.35"" 2.34 15. 76 —0.43 —2.73
C3 13. 34 17. 62 15. 48 —0.12 —0.78 17.62 —2.26""  —12.83
s C1 12. 60 15.76 14.18 0.98" 6.91 15. 76 —2.56"  —16.24
d?;;‘;‘gr C5 17. 62 12. 60 15. 11 —0.75 —4.96 17. 62 —3.26" —18.50
/em C6 17. 62 15. 66 16. 64 0.08 0.48 17. 62 —0. 90 —5.11
C7 13.34 17.62 15. 48 —0.93 —6.01 17.62 —3.07" " —17.42
cs 18.02 15. 76 16. 89 0.33 1.95 18.02 —0.80 —4. 44
C9 18.02 17. 62 17.82 0.97 5. 44 18.02 0.77 4.27
C1 4,44 4.94 4.69 0.13 2.77 4.94 —0.12 —2.43
C2 4,44 1.52 4,48 0.35"" 7.81 1.52 0.31°" 6. 86
C3 4,04 5. 06 4,55 0.60" " 13.19 5.06 0.09 1.78
— C1 4,04 1.52 4,28 0.30" 7.01 4,52 0.06 1.33
diil;(r)lzvtrér C5 5.06 4.04 4.55 0.28" 6.15 5.06 —0.23" —4.55
/m C6 5. 06 5. 44 5.25 0.32 6.10 5. 44 0.13 2.39
c7 4.94 5. 06 5. 00 0.08 1.60 5.06 0.02 0. 40
cs 5. 66 4.52 5. 09 0.10 1.96 5.66 —0.47"" —8.30
C9 5. 66 5. 06 5.36 0.29" " 5.41 5. 66 —0.01 —0.18
C1 31.13 42,23 36. 68 6.11"" 16. 66 42,23 0.56 1.33
C2 31.13 34,28 32.71 6.97"" 21. 31 34,28 5.40" 15.75
C3 31. 67 32. 65 32.16 12.02° " 37.38 32. 65 11.53° " 35. 31
AR C4 31. 67 34,28 32.98 12.28" " 37.24 34.28 10,98 32.03
Annual
branch Cs 32. 65 31. 67 32,16 14.28" " 44. 40 32. 65 13.79°" 42.24
length
/em C6 32. 65 36.51 34.58 3.41" 9.86 36.51 1.48" 4.05
c7 42.23 32. 65 37. 44 1.95 5.21 42,23 —2.84" —6.73
cs 42. 65 34. 28 38.47 5.22° 13.57 42. 65 1.04 2. 44
C9 42. 65 32. 65 37.65 4,337 11. 50 42,65 —0.67 —1.57
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%236 4 Continued Table 4
PAY s A o =3 o . .
[ERN *f_ﬁfidn QS LA TR (E A 3 ﬁ?%% = A A A MR R
Trait ybric Female Male MPV H, s BPV H, RH,/%
combinations RH /%
C1 5.21 5.87 5.54 0.39 7.04 5.87 0.06 1.02
C2 5.21 5.71 5.46 0.90" " 16. 48 5.71 0.65" " 11. 38
C3 1.21 5.85 5.03 1,45 28. 83 5.85 0.63" " 10. 77
— AR C4 4.21 5.71 4.96 1,46 29. 44 5.71 0.71° " 12.43
Annual
branch C5 5.85 1.21 5.03 1.86" " 36. 98 5.85 1.04% " 17.78
diameter
/mm C6 5.85 4,45 5.15 0.40" 7.77 5.85 —0.30 —5.13
c7 5.87 5.85 5.86 0.16 2.73 5.87 0.15 2.56
C8 6.45 5.71 6.08 0.47" " 7.73 6.45 0.10 1.55
C9 6.45 5.85 6.15 0.53"" 8.62 6.45 0.23 3.57
C1 1.87 2.57 2.22 0.44" " 19. 82 2.57 0.09 3.50
C2 1.87 2.29 2.08 0.39"" 18.75 2.29 0.18" 7.86
C3 2.37 1.93 2.15 0.56" " 26. 05 2.37 0.34" " 14.35
i C4 2.37 2. 29 2.33 0.39 16. 74 2.37 0.25 10.55
Ifé‘.em"dal C5 1.93 2.37 2.15 0.52"" 24.19 2.37 0.30"" 12. 66
1stance
/em C6 1.93 2.29 2.11 0.21" 9.95 2.29 0.03 1.31
c7 2.57 1.93 2.25 0.33° " 14.67 2.57 0.01 0.39
c8 2.79 2.29 2.54 0.38° " 14.96 2.79 0.13" 4. 66
9 2.79 1.93 2. 36 0.37"" 15. 68 2.79 —0.06 —2.15

TE e« e SR HIFIRAE 0,05 F10.01 KPR RFE, Fy BEAP RIS GBS BE AT 050 F), bk H stk E S PR E

AR AE Y ¢ A g A

Note: * and * * indicate significant difference at 0. 05 and 0. 01 levels, respectively. The significance test of mid-parent heterosis and het-

erobeltiosis were ¢ test results of F; and mid-parents value, F, and high parent value, respectively
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1—7 indicate YLZ 1, YLZ 2, YLZ 14, YLZ15, YLZ 24, YLZ 26 and Kuili, respectively

Fig. 1
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Polyacrylamide gel electrophoresis of 7 parents DNA
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Table 5 Genetic parameters of 28 pairs of SSR primers in 7 chestnut parent populations
IR N, N, I PIC H, H, N,
CsCAT3 4 3.27 1.25 0. 694 0.252 7 0.747 3 0.644 7
CsCATS 5 4.08 1. 49 0.755 0.186 8 0.813 2 0.328 1
CsCATS 3 2.33 0. 96 0.571 0.384 6 0.615 4 0.416 7
CsCAT38 4 3.38 1. 30 0.704 0.241 8 0.758 2 0.170 7
CsCATI15 4 2.88 1. 20 0.653 0.296 7 0.703 3 0.194 4
CsCATI18 5 2.23 1.13 0.551 0.406 6 0.593 4 0.269 2
CsCAT33 4 2.80 1.17 0.643 0.307 7 0.692 3 0.3125
CsCAT41 4 3.27 1.28 0. 694 0.252 7 0.747 3 0.403 8
CmTCR15 4 2.97 1. 20 0.663 0.2857 0.714 3 0.119 3
CmTCR25 5 3.50 1. 39 0.714 0.230 8 0.769 2 0.583 3
CmTCR19 4 3.38 1.27 0.704 0.241 8 0.758 2 0.612 5
CmTCR22 4 2.97 1.23 0.663 0.2857 0.714 3 0.456 5
CmTCR13 3 2.39 0.98 0.582 0.373 6 0.626 4 0.241 4
CmTCR6 5 4. 67 1.57 0.786 0.153 8 0.846 2 0.208 3
ICMAO012s 4 3.38 1. 30 0.704 0.241 8 0.758 2 0.388 9
ICMAO017s 4 3.63 1.33 0.725 0.219 8 0.780 2 0.362 1
ICMAO16 3 2.65 1.03 0.622 0.329 7 0.670 3 0.552 6
ICMAO018 4 2. 80 1.17 0.643 0.307 7 0.692 3 0.031 3
ICMAO014 5 3.50 1. 40 0.714 0.230 8 0.769 2 0.166 7
EMCsl5 5 3.63 1. 44 0.724 0.219 8 0.780 2 0.243 1
EMCs4 4 3.38 1.27 0.704 0.241 8 0.758 2 0.170 7
KT010a 4 3.38 1. 30 0. 704 0.241 8 0.758 2 0.388 9
KTo014a 4 2.97 1. 20 0.663 0.2857 0.714 3 0.068 6
KTo024a 5 3.50 1. 40 0.714 0.230 8 0.769 2 0.250 0
PRD21 4 3.77 1. 36 0.735 0.208 8 0.791 2 0.350 0
PRD26 4 3.38 1. 30 0.704 0.241 8 0.758 2 0.257 4
PRD52 3 2.00 0. 83 0. 500 0.461 5 0.538 5 0.187 5
PRAS86 4 2. 80 1.17 0.643 0.307 7 0.692 3 0.200 0
H{E / Mean 1.1 3.17 1.25 0.674 0.273 9 0.726 1 0.265 0
R6 FEARHEIEMEES
Table 6 Genetic distance between parents
JEAR Parent B Kuili YLZ 26 YLZ 24 YLZ 15 YLZ 14 YLZ 2
YLZ 26 0.649 6
YLZ 24 0.770 3 0.761 9
YLZ 15 0.536 8 0.752 8 0.852 0
YLZ 14 0.809 6 0.692 0 0.645 2 0.782 1
YLZ 2 0.841 8 0.836 0 0.858 2 0.636 9 0.332 9
YLZ 1 0.682 8 0.472 2 1.113 5 0.893 7 0.216 9 0.574 5
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YLZ1

TR EOR R LS B W E LR N . 2P AT [0S
IIHT R B — A AR — AR AR AR R T TR Y R

Bl
YLZ2 . N NI TN
b Ny S 85 A 1 BT 2 R T X R LR
B2 oL % Kuili {HIFE 0.53 DL b, Hoh — AR AR B A K B i rp o sl
A iﬁ; A B — 4R R AR Y PR SR AR S R (R
. . . . . AR T 0,822 9.0.811 4,0. 810 8. A WIR K
0.40 0.30 0.20 0.10 0.00 . i e . ”
IR Geneic distance B i K, T L, SEAS AL IR B 4 ) 5 2
B2 7434 UPGMA 5K MR TFRBFS TR I PR A BE LR R,
Fig. 2 UPGMA clustering tree of 7 parents SRR ()AL PR B R, 2238 FAR 2L PR S5 I B
KT ZMHEBEELAEEEETNHEXREY
Table 7 Coefficient of correlation between heterosis and genetic distance between parents
FE IR hERS H IR H
Trait WX R R p>F HXRHR p>F
B Height —0.297 0 0.437 7 0.041 0 0.916 7
#1482 Ground diameter 0.107 7 0.782 7 —0.203 5 0.599 4
w4 Crown diameter 0.729 2" 0.025 8 0.049 4 0.899 6
—4EH: KK Annual branch length 0.9104"" 0.000 6 0.900 8" " 0.000 9
—4FA: Ml Annual branch diameter 0.900 4"~ 0.000 9 0.733 2" 0.024 6
A PE Internodal distance 0.756 1" 0.018 4 0.804 3" " 0.009 0
FE.ox Fll % % SR FRARAE 0,05 0. 01 KT bk i 3
Note: * and * * indicate significant correlations at 0. 05 and 0. 01 levels, respectively
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Fig.3 Scatter plot of genetic distance and heterosis of parents
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