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Strategy for constructing Pinus yunnanensis germplasm bank for
timber based on the SRAP molecular marker
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(1. Research Institute of Resources Insects, Chinese Academy of Forestry, Kunming 650224, China;
2. College of Forestry, Southwest Forestry University, Kunming 650224, China)
Abstract: The genetic loci of the SRAP molecular marker in 780 Pinus yunnanensis Franch
samples from the whole distribution area were used to establish a high-quality P. yunnanensis
timber germplasm bank. Four P. yunnanensis germplasm subsets were constructed by
improved least distance stepwise sampling at four sampling proportions, i.e., 10%, 20%,
30%, and 40%. Results showed that polymorphic locus retention rate of the four germplasm
subsets was above 90% and the allele retention rate was greater than 95%. The minimum
values of the five genetic diversity parameters were obtained from the germplasm subset
constructed using the 10% sampling proportion, and the genetic diversity in the population of
this subset was smaller than that of the original germplasm. Mean t-tests between the original
and germplasm subsets showed significant differences between the 10% sampling ratio
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germplasm subset and the original. Furthermore, for the variance t-tests, several indicators of
genetic diversity demonstrated significant differences between the original germplasm and the
10% and 20% germplasm subsets, respectively, and the variances of these germplasm
subsets were smaller than those of the original. The correlation coefficients of the mean genetic
diversity between the original germplasm and the four germplasm subsets all reached 0.99
The correlation coefficients of genetic diversity between the original and the 40% and 30%
germplasm subsets were more than 0.80. The average genetic distance of the 30% germplasm
subset was 52.16% higher than that of the original germplasm; at the same time, the
distribution pattern of variance components of the original germplasm was well maintained and
similar clustering to the original germplasm was achieved with a large genetic distance.
Therefore, the 30% sampling proportion germplasm subset could be used as a representative
subset of the germplasm resources of P. yunnanensis.

Key words: Pinus yunnanensis; Germplasm bank for timber; Sampling strategy; SRAP
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Table 1 Sampling information of the germplasm resources of Pinus yunnanensis high-quality timber
PR IX REES CREEEC b K& R (m) || FRIRIX CREER CREEGE dud Ke  lk(m)
Region Location Sample Latitude Longitude Altitude |[Region Location Sample Latitude Longitude Altitude
P P4 30 24.4251° 98.9539° 1367.4 mHEHT 30 24.0361° 101.7778° 2179.0
Z AL 30 23.4202° 99.7420° 1244.8 = 30 25.3590° 103.8233° 2121.6
BT 30  23.3777° 99.7801°  1047.2 2R U 30 54 5497° 101.6494° 1785.7
PSS 30 23.0358° 104.4038° 1445.6 ZHA 30 26.1750° 101.5250° 1615.0
MEk - AHCIL 80 23.7641° 102.0321° 1564.7 ZMZ 30  26.0339° 09.2681° 24525
ZHET %0 2342497 105.3542° 13157 mnHERTE 30 25.2389° 101.8888° 2017.5
JRll 30 2485937 10632387 10184 | o ks 30 26.9945° 102.0054° 1905.9
SR 50 24.88307 1106.2992" 8521 =t 30 27.8944° 102.1049° 2109.1
PG REAK 30 24.6998° 104.8989° 1123.7
TN X 30 25.0703° 104.9873° 1206.5
mMAEMIIS 30 26.9978° 99.9897°  2178.0 s 30 24.8462° 105.9301° 792.4
PELEE =TT 30  26.5550° 98.9386° 2397.0 ST 30 26.9588° 105.7655° 1248.0
L 30 27.2944° 100.3683° 2867.8 SOk 30 26.9333° 104.7731° 16344
VUSSR PO 30 28.6210° 97.3199°  2071.0 =T B 30 27.3747° 104.8911° 1696.5
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Table 2 Sequences of primers used in the SRAP-PCR system and results of screened primer combinations

i 5]l i 5]l GlLEiR
No. Sequence No. Sequence Primer pair
Me1 TGAGTCCAAACCGGATA Em1 GACTGCGTACGAATTAAT Me2+ Em1
Me2 TGAGTCCAAACCGGAGC Em2 GACTGCGTACGAATTTGC Me4+ Em1
Me3 TGAGTCCAAACCGGCAG Em3 GACTGCGTACGAATTGAC Me5+ Em1
Me4 TGAGTCCAAACCGGACC Em4 GACTGCGTACGAATTTGA Me7+ Em2
Me5 TGAGTCCAAACCGGAAG Em5 GACTGCGTACGAATTAAC Me8+ Em2
Me6 TGAGTCCAAACCGGTAA Em6 GACTGCGTACGAATTGCA Me9+ Em2
Me7 TGAGTCCAAACCGGTCC Em7 GACTGCGTACGAATTCAA Me9+ Em7
Me8 TGAGTCCAAACCGGTGC Em8 GACTGCGTACGAATTCTT Me10+ Em5
Me9 TGAGTCCAAACCGGAAC Em9 GACTGCGTACGAATTGAG Me3+ Em10
Me10 TGAGTCCAAACCGGTAG Em10 GACTGCGTACGAATTGCC Me6+ Em10
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Table 3 Results of genetic diversity between original germplasm and germplasm subsets of P. yunnanensis

PRSEC R R TR (A0%MRELLB) R T (S0%MRELLB) R T (20%FE L) A T4 (10%HFE L)
Evaluation Original Germplasm subset Germplasm subset Germplasm subset Germplasm subset
parameter germplasm (40% sample proportion) (30% sample proportion) (20% sample proportion) (10% sample proportion)
QG 780 312 234 156 78
NPL 669 648 643 633 608
PPL(%) 100.00 96.86 96.11 94.62 90.88
Na 2.0000 1.9686 1.9611 1.9462 1.9088
RRA( %) 100.00 98.43 98.06 97.31 95.44
Ne 1.2898 1.3010 1.3010 1.3023 1.2954
H 0.1825 0.1902 0.1912 0.1930 0.1911
/ 0.2933 0.3055 0.3076 0.3107 0.3091
Ht 0.1825 0.1902 0.1912 0.1930 0.1911
Hs 0.1641 0.1693 0.1682 0.1651 0.1456

IE: QG, FBfcd; NPL, &ML PPL, ZEBMAA DR, Na, SO FERNE; RRA, AR A, Ne, ARCFALFER4L

H, Nei's ittt ZHEFR%; 1, Shannon's ZHE1ES|

BAREG HE, BRASERIG 2R Hs, JERENMSE 2R, T,

Notes: QG, Quantity of germplasm; NPL, Polymorphic band number; PPL, Percentage of polymorphic bands; Na, Observed num-
ber of alleles; RRA, Reserved rate of alleles; Ne, Number of effective alleles; H, Nei’s gene diversity index; /, Shannon’s infor-
mation index; Ht, Populations genetic diversity; Hs, Genetic diversity within population. Same below.
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Table 4 Results of mean t-test and variance F-test between original
germplasm and germplasm subsets of P. yunnanensis
240 Evaluation parameter
i o o P TyTRTYY T
(Na) (e) (H) () (Ht) (Hs)
JE R SEHE + bpfE2 2.0000 +0.0000 1.2898 +0.3229 0.1825 +0.1714 0.2933 +0.2367 0.1825 + 0.1714 0.1641 + 0.1528
FEIE + bR 1.9686 +0.1745 1.3010 +0.3205 0.1902 +0.1698 0.3055 +0.2335 0.1902 + 0.1698 0.1693 + 0.1500
( 40?,2%;@”) g/ P #/0.000 NS/0.526 NS/0.406 NS/0.342 NS/0.410 NS/0.529
F K55/ P 8 */0.000 NS/0.895 NS/0.832 NS/0.697 NS/0.835 NS/0.661
M+ bRfEZ 1.9611 £0.1934  1.3010 £ 0.3166 0.1912 £ 0.1679 0.3076 +0.2309 0.1912 + 0.1679 0.1682 + 0.1465
( 3025;35‘“ tRE/ P #/0.000 NS/0.523 NS/0.349 NS/0.262 NS/0.352 NS/0.615
F K45/ P fH # /0.000 NS/0.563 NS/0.520 NS/0.388 NS/0.522 NS/0.206
) SEM + bRfEX 1.9462 £0.2258 1.3023 +0.3118 0.1930 +0.1662 0.3107 +0.2289 0.1930 + 0.1662 0.1651 + 0.1406
( 20@: ﬁ;ﬁm HHEE/ P14 * /0.000 NS/0.473 NS/0.255 NS/0.170 NS/0.257 NS/0.892
F R/ PE #/0.000 NS/0.335 NS/0.310 NS/0.215 NS/0.312 */0.007
) T « bR 1.9088 +0.2881 1.2954 +0.3007 0.1911 +0.1621 0.3091 +0.2245 0.1911 +0.1621 0.1456 + 0.1207
(mﬁﬁgﬁm) 3/ P A #/0.000 NS/0.744 NS/0.347 NS/0.210 NS/0.350 #/0.014
F K56/ P {H #/0.000 % /0.034 * /0.037 % /0.030 % /0.037 * /0.000

T =7, f£0.05 KV EZEREFE; NS, 78 0.05 KV EERARE,

Notes. “ *”

ZREVE TS b YA 5 TR B T AR OC R B4 E k)
0.99 LAk, UtH 4 BB 142 % A BT i B {E AR
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JERR Y 7 25 HLAA mAH S, T 20% Fil A H 3] Fel
T4 5 IR ARG R ECR 0.615, BEBHIZ AN
TR 5 A BT T 2 B 554 M, [FIET 10% 4l
FE L BRR BT 45 -5 R A B A C R ECh 0171, B
SRAZAN A2 S5 IR 7 2 AN HARSCHE . DAHSG
RECEE, 40% F1 30%FliAE Lb 151 it + 4 & aT AR
FRIFFNTT

121
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Fig. 1 Correlation coefficients of genetic diversity

between original germplasm and germplasm
subsets of P. yunnanensis

, significantly different at 0.05 probability level; NS, not significant at 0.05 probability level.
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s B A, it R, AR AT
SRAP 4311 9 30 %A Le A5 5T DR A7 22 FT A 4
RSP R R IR A e T4E
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R — — — — — — — -
0.97 0.98 0.98 0.99 1.00
#$1 Coefficient

0.97 0.97 0.98 0.98 0.99
Z % Coefficient

BMH. =AM HDM,; WJ: mEmiL; SB: = MAH; LY1. P& 1; L2, TV RL 2,
SC: ﬂ_ﬂ'l'lﬂ(y&; DF. ﬂ—-‘f’)‘l‘|j(ji; TC: ﬁﬁﬁiiﬁiﬁ’ﬂ, FN. %Tﬁ%ﬁ?, GXLL: J‘EFL%M(, XY, 'Jbi'fd‘l'[
M ZX: mrEBE; L. mE kR XP: mEHT; XZCY. PmEER; SU1: mEXUL 1 YJ:
BWTCIL; YPL: miiftE—FiR; FG: mMMol; XGLL: =/ Hi; MY: Ik S ; MG:
mREK; SJ2: mEMIL2; CH: stMlbe; QJ: mmlhyg; SCXC. MWIPE,

BMH. Baimahe forest farm, Yongren county, Yunnan province; LJ. Lijiang city, Yunnan province;
SB. Shuangbai county, Yunnan province; LY1: Leye county, Guangxi Zhuang Autonomous Region
1; LY2. Leye county, Guangxi Zhuang Autonomous Region 2; SC. Shuicheng county, Guizhou
province; DF. Dafang county, Guizhou province; TC. Tianchi Nature Reserve, Yunlong county,
Yunnan province; FN: Funing county, Yunnan province; GXLL. Longlin county, Guangxi Zhuang
Autonomous Region; XY . Xingyi city, Guizhou province; ZX: Zhenxiong county, Yunnan province;
LL. Longling county, Yunnan province; XP. Xinping county, Yunnan province; XZCY. Chayu
county, Tibet Autonomous Region; SJ1. Shuangjiang county, Yunnan province 1; YJ: Yuanjiang
county, Yunnan province; YPL: Yipinglang forest farm, Lufeng county, Yunnan province; FG: Fu-
gong county, Yunnan province; XGLL. Shangri-La city, Yunnan province; MY Miyi county, Si-
chuan province; MG: Maguan county, Yunnan province; SJ2:. Shuangjiang county, Yunnan
province 2; CH. Ceheng county, Guizhou province; QJ: Qujing city, Yunnan province; SCXC.
Xichang city of Sichuan province.

2 FEMBER(A) SMEFE(30%AMFELLY]) (B) BT SRAP 534H) UPGMA K E
Fig. 2 Cluster analysis map for original germplasm (A) and germplasm subset
(30% sample proportion) (B) of P. yunnanensis by SRAP data
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x5 MAZERIREMRSMERTFE(S0%MIELH)) BEEREIER
Table 5 Comparison of genetic distance between original germplasm and germplasm
subset (30% sample proportion) of P. yunnanensis

Tl R A e ves /NGB BRI AL Vi AL R B
Population of germplasm  Quantity of germplasm Min genetic distance Max genetic distance Average genetic distance
JE A 5T 780 0.0040 0.0428 0.0232
Fift I3 74 ( 30% i RE LL 1] ) 234 0.0150 0.0575 0.0353

®6 MAZEREMRSHERTFESO%MAELL) FESENHLER
Table 6 Comparison of variance components between original germplasm and germplasm
subset (30% sample proportion) of P. yunnanensis

¥ (A M) J5 207 Ti 2T RT3 (%)
Fh A Mean square ( df) Variance component Variance component percentage
Population of
germplasm JeEr T[] e Je R[] JEREN JeE A [E) JEEEN
Intergroup Intragroup Intergroup Intragroup Intergroup Intragroup

JE A 5T 362.226(25) 67.673(744) 9.946 67.673 12.81 87.19
T4 (B0%MFELL])  163.849(25) 74.137(208) 7.476 74.137 9.16 90.84
3 e ol o Al R B AT T A AR IR AR

75 B E S 3RV RS M X L) £ 4 AR
P, HOME R, Hig A IX A R i it
s S DR A e AT SR B R AR AR AT
b, A ORI 200 A X B AN Tl BB, ARHFSE 1
A D o R AR A B S0 26 1 2 B A P A X,
ALHE T A I A3 1 FE e e AR R IR X3, %K
R AR KR BE BT 26 1 A 0 Fh e U R, A
W5 R 10 X} SRAP 5 #1%} 780 #k 2 e ¥ A1 F #h
JRAEATY $ AR 669 LA, FH
XL A0 S 15 66.9 4, SR LITEIR £ 2%
HAERI ] SRAP i 10 Bt F4 A 9 % L b 55 P2 B
LR FHEERS IR AT PCR 14 724, I B
FIH 6 X%} SRAP 5¥%} 177 42 ( Ziziphus jujuba
Mill) FhBRE TS 18, JhP 3 i 62 Sk BT,
SRS 10,8 &g, EORET - BTAR
FIRE U SR 14 X% SRAP B #%t 95 {354 ( Pyrus
sinkiangensis Yu.) F T #E AT 94, ey HE 1 160
KBRS, SFHREXTT Y 11,4 S
JKFF 5@ 5 29 X% SRAP 51 #%t 258 443 Bk ( Rici-
nus communis L.) Fh R #EF7 94, ded i H 254
KL, PRSP 8.8 &ilkir,
AT, R HL ARG T ik B R B, (H H AR
R TFTHEEhRIC B AN Uk AT

W, a7 A A P S R A O

FENG IRURR IR R IR X 200 4 4L, FE4l et P
KRS H 26 A/NAL, LA/ R B Ay A i T
PARPRARAE I . 20 P HURE R 28 G0 BURE vk I A T
SREALICRE'  BURE 7 i i ek ) B/ N B R R A
HORETE LU B AL Bk 12 58 L 6 v fnm] S0 1
FHRE LU B R T B R AT P A R BT A R/ S L
R fCRF TR Z R, ARSI AR R Py
JETORAF T FAZ O Ao BT (R AR L A — P 1 S S AR 1Y)
5% ~ 30%'°, XTAFEMFTE IR, fhEE H ] R AR
Py SR SUAEAR R (1 8 3%, PRI ST 35 10%
20%., 30%. 40%3L 4 A~ e b ARk — A i i
4 AFhAE HL B, A ST AR A E A R AR B
30%, FFA7ZE 1 ARAE" HE A A 0o Bl 5t RE L 3]
MR, H 5 M 4% ( Populus nigra L.) 30.2%
oA IOCRE LU 1T 038 98 AL A 30% Hae il ‘HL HURE L
151110 SR ST A HEAZ O B T A SRR LA 2

ARWFFER 5 43 HER W DO hR 10 B 404 FL kR
MRS T KIEZ AN, MH T M2 s AR R
PP, WTHITIY LA S A RS AL ) b 2 e A
R IRARAE IR E ST ( 53 SCR R ) AT T A %kb e,
L T 2 B AL R R R A AR A
b, B SRR IT R, nT L — R A
FERMWERARECIE A5 F bR ic Bs 4 Bt 2 B Al
TRAERE, A BRI B BT B8 IR R A R 1 T it
i S,
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