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The evaluation of the genetic diversity of different generations
of breeding populations and establishing core collections
of Chinese fir

Abstract: [Objective] In order to evaluate the diversity and genetic structure of the three generations of Chinese fir (C
unninghamia lanceolata (Lamb.) Hook) breeding groups in Hunan, build a cedar core germplasm, and provide scientific ba
sis for the breeding and utilization of the cedar species and use, 21 pairs of SSR markings of fir clone parent from three
generations were used to evaluate genetic diversity and genetic structural evaluation. Use the A-NE and CV methods to b
uild core germplasm. [Result] The overall genetic diversity of the three-generation breeding groups of fir is high (observati
on hybridness (Hp) is 0.541, and the expected hybridness (Hg) is 0.630). The second-generation breeding group has the hi
ghest genetic parameters, and the observation hybridness (Hp) and the expectation hybridness (Hg) are 0.575 and 0.639; th
e Fy of three fir breeding group is between 0.01 ~ 0.014, and genetic diversity mainly exists in the group, only 2% betw
een groups, and the degree of genetic differentiation between groups is low; 55 core germplasms were selected. [Conclusi
on] The overall genetic diversity of the three generations of Chinese fir breeding groups in Hunan is high. The genetic pa
rameters of the three groups have changed less, and the degree of genetic differentiation between groups is low. The reso
urces of Hunan Chinese fir Breeding Group are the most suitable to divided into two groups. The screened core breeding
group provided a scientific basis for reasonable preservation and efficient utilization of Hunan Chinese fir resources and se
ed orchard quality transformation
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B BRI IR (LR B AR, An T 4ERE ik R B S A B MR G A A A R, 552
FKAER, KA i T AN W7 52 iy ELIG AL B AN Wrdh R 1) B A AA, o2 A E M AR A, B & n) 5 1
UK, FRAMEIARRR, PSR A7 5 B A I H ai R O TR R R R IR M B BRR S A AL
TRAFE B AP G, SR BUR 8, A% O 5T IORE & S ) i 77 1645 AR tH AR JE B4, JRIZ D i il
VAP IR T R E BN AL, I 40a >k, CAEE T 100 ZFMEYIAZ ORI, ATEYI RN AHT S8 R
BLE [ IS HLA (O, AHARAAZ O o Ky A A X f 781

AR (Cunninghamia lanceolata) HAAEKMR, FEm. M. Hig S0, 2w 7 &4 F 2GRk
WAz —, 753 Bl R W iR B EEA L, B AT, KESAE AR MNE(X) IR 7 R
4. RS B CERD BERS TARIER (B @ idsstl o R TAEDO, (B2, EAREM
HEAR TG AL 2 FEPE SAZ O AP B A ) R G T AR TE A 201151, G KA AL ORI B A, B2 AT 7
EYRILI2T, R AR AL 0 R AR AR T, &8 (XD ZIEMEZ AR MRS R E, &Ml ge (e e
FRNBERNIEG R R, B, AP k0 P S BRI AR % K R T A-NE (&FK)
1 E-NE (£F5) #pife, SAE CC-1 (£F8) fl CC-X (&) AR PIRES i BT MDY, F
F A-NE H1 CV [}775 2 W i@ A0 Mot 375 B 4 IR 28RS,

AITHH R TFRAAR B SR TAR R ALz —, H 20 e 70 ALK, BOARGHITTE T2
R R TAE, 7 2012 FFEAN T 3 ARG E RIS, FEEWI A2 AR EE 2, 8n 1 5
TR B CAS A RFR BT (MERE o AHIE T LIS AR 3 ANMHARE MR AT AN R, T AR FEEARE
FhEEARE AL Z eI R JLA BN, W OMET, BAESR SIS ARBI o SR FH AR, NI B A R A R 2L 15
o R AR AL FRIR A 48 ABL LS4

1 M55

1.1 #4%

ARG 1A 5 2 O 3 AAEMEHA, @I A RE T FEG MWy, i, 5 1 AAE MR
(HNpD W RAFITEYERMTT 68 13, 72 AR E T M. sEM . M L. Beikiss, %6 2 AEMEE
& (HNp) 39 17, RIET28 1 AVE M 4 R i S L a0 0 E R AR, Ah e d B0 K56 1 B A RE
AR oM R F T 28 3 ANE MR (HN3) 30 £, SRIET 58 2 AARHA 2 R M L5872 R i 5. 33t 13
7 A SRR

1.2 5%

1.2.1 # &R %5 DNA #21

RERSAR YW, TR TR ORAF . ZEIZH DNA 280, RAMER CTAB %20,

1.2.2 SSR 5147 PCR 43 5 A 1 A&

SSR tric (s B WK 1.

PCR ¥4k % 4: 50 ng FEK4L DNA #i4K, 0.6 pL 10 um F 514 (CEFEZRHE54) , 0.6 pL 10 um
R 5%, 12.8 puL 1.1 x Golden Star T6 Super PCR Mix.

PCR MAREFH: 95 CHANE 5 min, 94°C &M 30 s; 56~66"CIBK 45 s(IB KU F 51 ¥ 5, W
£ 1), 72°C &A1 30 s, 40 MEFS; 72°C ZEfH 10 min, 4 CPRIR.

¥H Gene Marker V 4.0 ¥4 (http://www.lifetechnologies.com/cn/zh/home/technical-resources/ software
-downloads. html), #Iik PCR § 45K, Geit ik v BOR/h. 1260, NG 75 2 400, ARG T

1.3.3 4% 3 M0 A7

KH GenAlex V6.5.1 (http:/biology-assets.anu.edu.au/Gen AIEx /Download.html), % 550 8% 2547 3 [K %
(Na)~ A REEAFEEIHU(NE) s WS & T (Ho)s WG (He) 158 REU(Fis) AR Z HEMEH(D), IF
Rl Hardy-Weinberg “F-f#f. K FH GENEPOPA4.7(https://genepop.curtin.edu.au/), A5 IR0 RIS (pn)
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B Tablel SSR primer information and genetic parameter estimation and polymorphic information index for SSR loci

. 1.
E o mx ° Q
o o X
A - its-a
= iz o EN
” o Mgl B e s N N N H H oy PI P
. v o R
ou ° Primer Sequences (5' - 3') ° Rep ing ° Ra A o E s C N
s eat. temper ng
Mfotl ature [;/)
° 16
C 0. 0. 0. 0. 0.
GTGCAGACTGCTGAAAAGTTG ° (TC) 0- 3.5 ° 7.9
L; (] 59 8 28 72 60 67 32
TCCCATAGGCTCTAAACAGAGA 10 18 80 84
2 6 1 4 9 2
8
° 20
S 0. 0. 0. 0. 0.
CACTTTGAATACGGTGCCTTTG ° (TG 8- 2.5 ° 6.8
M (] 57 7 39 60 35 53 14
CACGCAACCAAAACATGTAAAA )s 24 28 60
19 1 4 3 9 3
4
o 31
S 11. 0. 0. 0. ® 22. 0. 0.
TAGGGTGAAAGGAGGATTTTGACAT ACATAGAGTGA @ (TG 4-
M (] 66 23 99 75 91 17 70 91 09
GTGCCAATGCTCAT i3 39
37 3 9 7 2 6 1 1
2
° 26
S 0. 0. 0. 0. 0.
TCCTCTATCTTGTCAGTTTGGGTT [ (AG 8- 1.3 ° 5.9
M (] 66 6 26 27 04 26 01
TATTGGTGTTGCTCGTCATTCC 2 30 78 32
51 3 4 1 0 9
4
X o 40
0. 0. 0. ® 16. 0. 0.
S TCAGGGCATTTGAAACGAATAG ° (CA 9- 7.0
° 58 17 48 85 43 81 84 20
M TCAAGTGGGAGATTGTTGGGTA )28 47 14
5 7 5 5 4 4
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TCGTGAGTTTCTTGGTCATTTCG
CATAAGGGTTTTCCCCACGTATA

CTCATCATTCTTGAACCCATCC
AACCTGACCAATCCTTGCTCT

ATTATCCGAGGCAGATACGCAC
CTTCTCCGTATTTGATCCATCGC

GAGCCGTGAAGAACGAAGGTCTC
ACGATCGGATTGTCTCAGAAACG

GATCCTCTGGTACTTGGTGCCC
TGCAAAGTCATGTCATCTCTGGC
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GGCTGAGCCTTTAGTGTATCTTCCC
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e 33
0. 0. e 0 0. 0.
w ®  AGCGATTAGAATCCGAGCAGAG ® (AT 1- 2.8 ® 49
56 5 53 64 16 58 06
X3 GCTCGAGATCTGCGTAGGAAGTG C) 35 03 12
7 3 6 3 5
5
e 24
w 0. 0. ® 0 0. 0.
®  CTTAAGATAGCAGCGGGAATGG e (CN 0- 2.9 ® 38
X 56 9 53 66 19 62 10
CTTGCTCGATTTCTTGCATCTGG " 26 44 30
s 3 0 2 0 8
0
s 9. 0. 0. ® 0. 0. 0.
1% 3.7 ° 8.9
To ° ° ° 09 55 63 11 59 07
al 73 98
5 7 8 3 3 5
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KH FSTAT 2.9.3 (http://www. bio-soft.net/tree/FSTAT.htm), ffiH#Gifa BT 5 FIZEA7 LK+ &
(Ar) AU FEAR [A] 18 4% 73 10 R B(Fst) -

X Fd PowerMarker V3.25(http://statgen.ncsu.edu/powermarker/index.html), i &MEEESE (PIC)

KH STRUCTURE 2.3 (http://pritch.bsd. ushicago.edu/structure.html) , BERAME, EEE(KON
1~5, HE 10 &; ERIRE(Burn-in lengths) 1 /K 0] KAE(MCMC) 7371 % B4 100,000 F1 1000,000, i&
785 R 4% STRUCTURE HARVESTER (http:/taylor0. biology.ucla.edu/structure Harvester/), K757
BATHEA K HIE SR LaP(D) BUSE K& AK 5 KERRZITELE, S r) AK ORI KN
AR i K5, 2T STRUCTURE 73 A MR JE SR B L R(Q), 2l n] ML TR 18 4%
SERIE

KH GenAIEx 6.5. 01(https://biology-assets.anu.edu.au/GenAlIEx/Welcome.html), #4174 F /5 Z 5 HT(A
nalysis of molecular variance, AMOVA).

1.3.3 #E3E & 65 5ottt &

FIH 7 FAric 88, K MEGA 8T i i la) A% ph e, #9 @2 H:(Neighbor-joining, NI)#, boot
-strap {H I BN 1000,

1.3.4 MR R ey 5irm

KH Core-hunter 3 ¥4 1] A-NE (Average distance between each accession and the nearest entr
y) A1 CV (Class coverage) 17732 (A-NE, 50%; CV, 50%), ML ORI FFHATIFNBI, A-NE #
TRX XX, CV RontZ LM i £ i A5 55 [R5 IR 06 Fh BTS2 AH LU T 5 B8 & 23 e B2

i H Coancestry #3311 #) TrioML i tH 83 B4k ST VE R F0 BT (SR VE R EL (D). A SR KRN
Jii, T=0; FFMFGE, T=0.25; AFMFE, T=0.503,

PR AZ O FR ST [FR R 3 (P RonBHA N — R BRILtE (P = BEERNEA —ZEE5 8 R/ ME/
BEREED, —ZEr% KR Gk, BAR-TMA. 2RO MIARRRAH Wu B FRHE .

2 R G

2.1 BEZHMY

21 %} SSR F19%t 3 MZARANFMACE FHEEA A1 137 0B 3ET PCR §738, JLAGMNE] 191 N4
Ko A4 SSR I A5 ERISM B H (Na) A5 (wxs) ~23 (SM37) A%, ZEREK, “FEIMEN 9.0
95; AMEEAIEFEH (Np) FISEAI LR F & FE(4r) AR BIE BE 50 54 1.378~11.993 Al 4.905~22.706, -1
BE 3R 3.773 F1 8.998; MELIRE KL (Ho) MIHEEIREFE (He) 73704 0.263~0.897 A1 0.274~0.917, -
BIME S MR 0.557 A1 0.638(GR 1). XK, BAZKIHAREMEAEEZHEEEE. 2HEELEEEPIC) ~O.
260 % 0911, “F¥IH 0.593. Hrh, 025 < PIC < 0.5 HIAiSA 74, NHEZEAA: PIC>0.5 A7 A
G144, NEEZEMA XKW, %% SSR 5N S LR A, ARRe R ks I A48 45 2 1 PR K
Vo IR (Fis) /F-0.132~0.609 Z (8], BE T 5140 SMsi+ wxas Wxaos wxoq1 DLAAN, KREHAL S WS
Hardy Weinberg “F-fif B A5 & 25 PE(P<0.05) B A 2 2 1 (P<0.01).  TERUEEALFE R (Py) LT 0.000~0.322,
SEMEA 0.075, H, 514 CLiov XSMg Al wxog A ST RUSEAL B R A KT 0.2, Al R TR S5 A7 FE A
P, EJREEMTF, 2.

AR 3 DNAFEHARH) B AR EE Z LR TS SRR (R 2) , 1A (HNp 2 /8 (HN»)
A3 A (HN3) R, il 20 i AL B RS 300 Ao 154 156 #1142 Hdr,  C Ng 439008 3.452.
3.834 1 3.545, “FYIME N 3.789, H, 7y 5N 0.528. 0.575 11 0.525, “FH¥IME N 0.541; Hg 20518 0.601. 0.6
39 1 0.634, “FHIIME AN 0.630; 170514 1.284. 1.334 #1 1.382, “FIME N 1.384, XKW, K 3 MAF
A B RS Z RN EE . AAHAREFB AL 28 (R KT 0, RICAFREKEEL, &
BB EARPEORES . Hod, 2 REFRHARDUONE N,
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Table 2 Genetic diversity parameters of different generations of 3 breeding populations

B FEEA Breeding populations

Na Ng 1 Ho Hg Fis
# 148 HN, 7.333 3.452 1.284 0.528 0.601 0.104
# 248 HN, 7.429 3.834 1.382 0.575 0.639 0.084
2340 HN; 6.762 3.545 1.334 0.525 0.634 0.151
FHME 9.143 3.789 1.384 0.541 0.630 0.119
2.2 BHRIEE S

SKF FSTAT 3Rk B2 A BR8] il 1A 0 AL 28 (Fst) AvF 0.01~0.014 2 Ja], RHARIREAE

TR MR ) 47 FE R R 2R R
(R85 R B AR (R 3D .

ST EZSHT (AMOVA) MI45 53R, 98% A8 7ok H A EEN IS, 1A 2%

®3 BMBEAENTHRESH
Table 3 AMOVA analysis of 3 breeding populations

A5 KUE Source of variation H e < J5 % A5 5 HA5l/% Percentage of variation
M

PRI Among  populations 2 17.37 0.11 2

AMATE] Among individual 134 793 1.19 17

AMAEP Within individual 137 5.54 5.54 81

Jit Total 273 6.85 100

#F Bayesian %
FEARE TR TR 137 43 Fh 5

2% STRUCTURE 43 #7445 %E@Eﬁ@(l Do

XA AR5 AT 2R AN T T
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0.6
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A Y™

RIIF LR Structure BAF 45 REW, £ K=2 I, XFRHT AK E K, RIIAFHA

EHRRBHEON 2 K=2 55T, TR0 B JE T 25 KRB LUE Q)
HE T, KREZHFRE QENT 0.4~0.6 2/, XKER
1B SN E S

I IEIIE=IT== :: IESIE=SIES=IES :: ::;—::.—::;—::;—::::::—:.—::: OESIE=IE=IT=
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2.4 BoLM BT

Fig.1 Structure analysis results of 3 breeding populations

N i KA PRAF S5 7 2 TR HLAEAZ OO R B R 9D B B — HoE 4R R, A Core-hunter3 #/FH ) A-NE
A CV 7 EM ERZ ORI, TFAR H HNj-43. HN2-45. HN3-21 %5 55 (%O
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Fig.2 Principal coordinates plots of core collection and reserved collection

i ABARLMER, BEARERR

Note:
W O 5 P38 RS A R 50 (Na) « P38 Shannon's 15 B ZREMEFREL (D« “FHWIIAEE (H

o) » FIWEBAERE (Hp) 43519 9.905, 1.380. 0.541. 0.629. #%.CoFh i (st fE 2505 AN F MR %

VEEREREZR (Dunnett’s test) (F 5, B2) .
x5 BOMRSEMREMRAEESHLE

Table 7 Genetic parameters of core collection and reserved collection

HFHEA Breeding
P Na Ng I Ho Hg uH, F Ar PIC
populations
0.54 9.0 3.7 1.4 0.5 0.6 0.6 0.1 8.9 0.5
TR BRI
0 95 73 24 57 38 44 13 98 93
) 0.04 9.0 3.7 1.3 0.5 0.6 0.6 0.1 8.9 0.6
T
0 95 82 80 41 29 32 19 24 04
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Fig.3 Neighbor-Joining(NJ) phylogeny based on genetic distance

MEET AL BRI NI B (B 3) KF, RZE HNp, HN; FSRARAE -, H HNo A HN; FSRASTEME
RRREY], e T AR MR TFR %O M T AE B FEER 1) NI R BRI 51150 i

3t 54

Xo
FHIGE R IR, WIS

®

FEENNTIIRY, MEECARBES R, 7 MRS s 2 A2 B0 RS . At

BER=ZAMAE RS Z RS (R 2) , B RE MR SR,

XTS5 LS AR B R ORI SR B R R B AN A ROTAT I A R SR G, @ E MR 1A
DU, WA R A0S R AS Bk S AT 3 JE PR AR B3, XU B AE Ry tHAX B A A P AN AR 4538 1K & R R R 4

FRIg AR 2 FEVE AT 2K

PRI 22 FEVERT FU 4

AL
AEEFLH, =4

it WIS D RARBOSTI JHFAGS], HedbiEmAnBol, H AV I FALOISE R Ff & Rt
FAHEML . XYL, BEA e 7R RIS B AL, A R AR A

AR E MEA) For H1E 0.01~0.014 2 18], H AMOVA 7345 BB /R, 2L

BAPETREAR N, BEARIDE 2%, IXRUIREA R IEAL A AN o I8 S M 7 i th 2 BLABLEE 2R, 137 A4
BRI RT DA AR RIR T LSRR, R = AN AR B R () R R A A, #ife Eogla T — 5
X5 E 0y 22 H AT [ R R BINI BE AR SR AR FE S5 R DL, X T RERBEE B A EARHIE I, 1t
KRR R 2 A8 3 S0AS [R) 7 R T A A 1] B R AT

FEA 5T B2 52 B R0 AR (0 B A, AR E B RN RICR I S, P st e S f Ok 1 a8t A% B AR K0
T3P, NI T R AT RN B R O TR B BRI A4, AR TR R ) e DR RS MR R, AR A
28 60 AT, I ATTRE T Ao A X AR IR, AR AT ORAFE 1 KB R A B 145460, £ R LAtk |,
AR Z AR R, R H 1 R fs dh s i R AR AR, BUR 13 & R o B
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HI A2 AR R A48 DX 5| Pk i DA S A AR 28 A2 fhl A, DL R [l i o & SRR AU R ARE, XA
BT BEPELAS Pl 57 B AT R OR G AR R BE W5 Bl B PP A AN A5 P A0 e o A S o o o A % 1) SR
T EART A% O3 P (A RERT, > AR LA AT BLEE DNA 281K 1l 3R 5 1 38 % 2 FE P L81,
AHEFEH A SSR 7> Fhric, TS50 HER A o BEARE B8 (bRt 1218 44 A2 R B PR R Rl _b A
TEE 55 MR, THIEHGIN 40%, ORI K8 AL S50 AR A R R SRR A
WEFE . FTRER LIRS AR B MR AL TR R, BN T SREBOE 2R A R L

WA AR B MRS SRR S, AR EACE B F MR R AU TR 55 %GR RE
SEREH R, A2 AR o SR B B ORAF AR AT R AZ AR BB b ] 38 o g 4R 1 1 B2k H
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