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FE [ FAY ] KIERA Pinus taeda M IFIRANE ™t AR S S BEHE DN B A% 1 R 22 54 (Single nucleotide polymorphism,
SNP) (Vnd HEAT 7L 5 500, A TARICHH B & R SR A BORBEAM . [ 52k DRI AR 9 15 S8 2 %) KA eDNA SCP ik
TR LUXS BT HE TERE, PRI S A KRR R R AN R BRI & B G AR F A 81 5 [ (Unigene ) 11y
Mo D] R B, FILHT MEGAS. O 1 DnaSP4. 0 BRAFXF LR 36 A BRI 8 Ak & DY J BEIEAT 81 LU X 71234
(4558 ) FrilFs) 8K 5 177 bp KGN 3] 184 4> SNP i s, *F-44 36. 9 bp AYSER FF51 i 8L 1 A~ SNP i s, Horh
123 AR LCRAL (61 Ay [A] SLZAS SNP i i o BLH TR Z A 7, 1 6, 439009 0. 020 Fi1 0. 016, Xf 8 >
DR B PN SNP S s AT (9 S BN 0 A S, B AT TR 814 B8 119 32 1, SN 37 s A9 328 AN 1A 7 2 [A] PA 0
M EGR (R <0.2) o [ 4518 118 JIERS Y, 3Lt 5L R g SNP 377 7] ) 6 B - A0 PR T A 741
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Analysis of single nucleotide polymorphisms within candidate genes
involved in growth and resin biosynthesis of loblolly pine
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Abstract ; [ Objective ] Single nucleotide polymorphisms ( SNPs) within candidate genes involved in
growth and resin biosynthesis of loblolly pine, Pinus taeda, were screened and analyzed, preparing tech-
nical basis for later marker-assisted breeding. [ Method ] The candidate unigenes related to auxin, gibber-
ellins, cytokinins or pinene synthesis were selected from loblolly pine ¢cDNA library using bioinformatics.
The sequences of eight candidate genes from 36 loblolly pine individuals were aligned and compared using
MEGAS. 0 and DnaSP4. 0 softwares. [ Result] The total length of measured sequences was 5 177 bp.
There were 184 SNPs to be detected, and in average there was one SNP site in every 36. 9 bp sequence.

Among them, 123 were nonsynonymous SNPs and 61 were silent SNPs. The levels of nucleotide diversity
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for sequenced regions represented by 77, and 6, were 0. 020 and 0. 016, respectively. The linkage dise-

quilibrium (LD) of SNPs in the eight candidate genes declined rapidly (R*<0.2) with the nucleotide se-

quences increased in length. [ Conclusion] LD mapping of SNPs in the five candidate genes are useful for

loblolly pine breeding.

Key words: loblolly pine; candidate gene; single nucleotide polymorphism (SNP) ; linkage disequilibri-

um (LD)
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Il R, AR 52 2 HY S 3 B, R AE £ H
Qb7 A 2 R B S R A AR — R 2
RGBS BRI (R ) , il S A IR R
(RATE ) AL/ B A5 2 W 5, T A 95 30l 1) = 2 L
A R TR SNP ARG %, 3
FAE PR AR BT AR B A
J5 1AL B UL JCHRE A 3R R IR A A G A i B K SNP A
TR HRGE . ASHF 58 DL AR AL g 7= & B AR,
| B S 1 KR s B PR I 1 3 Ak v 3 36 4>
AR AR, IF e 8 AN AH N B ek S A R Btk AT
WF5E . it PCR §38 alifblm s % F T ik L,
X H B By SNP A7 S AT Tk, 44 1T H bRk
KR Z FE 1, & BN P ARk, AFREE RN G

http://xuebao.scau.edu.cn

4 SNP A1e 5 R IRIO KRR 5%
1 #R575E

1.1 &yt

3 3 5 [ AU A B 3G M 3 KA AOR R Tl
VEH LG R 258 AN [m] ol B AR 1 KOERA K &R
B A BT IR, DLAR R (B A A ) FRs i 7
O HARTEIR , A ] ASReml BAFALE T 258 DR FH
AR A TR 7 B 7 L, 0B JBCRE A% fi AR J32 b S
BIL PR AR 5K 10 36 MR R, BR A 1%, It
36 EARR (36 NEERAY) CRACIMZFEL 1 454 AL
B, —80 CukA P ORAT 5
1.2 E[FZH DNA 2B

I ORAF RORA BT SO, BRICO. 3 g, A 2 mL
ELOE T, IMA/NNER, FIH] Qiagen () MM301 JEFE
ASCHE FLRE R, 301 ] ATV AR AR o BE A4 DNA 1Y
PR BB AR A L R 4 DNA $2 BUAR & (RARAE
R B 7D IR R 5 52547 o
1.3 5|4i%&it#0 PCR ¥ 1%

My B W5 ZE ( GenBank Al http ://pinetree.
cegb. umn. edu) T HOKIERL cDNA SCER T A IC %,
29 32 T3 4%, A A0S B 5 07 1 64T R B Y L X
BiHe A TR, AR AR A P 51 BE P ((Unigene ) .
PEHCE A AR TR M 5 R DG Y 8 A 1B i IR
B, & Ml Primer6 F1 Oligo7 B AF BT FIPEAL 1E B2 [h]
PCR #8519 .

PAVEIRAY 36 S ERARAEA R}, X 8 e e Ak
PR BLikAT PCR 9714 . PCR VAR Ry 25 pl, &
30 ~60 ng 5z DNA, %5 ANTP 0. 2 mmol - L™', IF |
51414 0.2 mmol - L', 1 x PCR Buffer,1 U Taq
REMMIEI 3508 1% 1) DMSO, Sk ] PTC-200
B PCR {8ia47 PCR SR, SRR 7 0 194 °C T 1
5 min 53 ATGI ; B ERR 94 C AR 30 5,45 ~62
CiR k305,72 CLEAH 60 s, ;2 3 36 MG ;72 C
HE{H 7 min,
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PRECL AT, ARTS LR i B —BUT 91, 25 B 457 51
Wy ], 7 BioEdit Hrfi e SNP A7 s JFAB0C 5% o
1.5 EEK SNP SHMESHTFEPIA FER
FIFH] MEGAS. 0 1 DnaSP4. 0 K F 4 44~ 5L B 1
36 NP SN HEAT LS 43 AT, THE SNP B | 4 F i
ety SNP it Al 5 4% 56 IR 1 % 1 R 2 AR K
S AR 2R 6, B, FoR A IR 2 REME K
- Hor o, BARSE LA ) (] 07 o5 25 S A R 1 T
PPRONFERES ar, BRSBTS RO (S)

JER o BT REPE (H, ) HR B Nei ™ 19 ARG T
Bo BRUAERE SN AZAF TR 2 FEAE 1 FA 0 A 45 - 7
RO ZRENE (0,0) AR CRAZZ RN (7,,,) FIF]
XRAEZHENE (7)o H5 A BLE AU R 1 49 B
BEES (bp) MH REFEATALA , AL Wl AT A
B8 A 1k 5L R BB (AR B B 38 B F
(LD) %A o
2 #ER5HH
2.1 fRiEERERKBRFIISHT

8 kLN B S pr s R AR 1 g —
TR RE N By 3 K B2 0 431 ~ 1 007 bp (A4
HEABBRIAL L) L8 e 5 R Be iyl 1y B4 B2
D95 177 bp, Horfr G XA 53 3 322 bp, 4
2t X PSR B 1855 bp(5'-UTR,3'-UTR 1PN
) o A 24 DAL AR A SRR R, B
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Tab.1 Sequence analysis of candidate genes involved in growth and resin traits of Pinus taeda

i . ” sk B/ bp
VRSP B RO e ShenR AT WAt S TREK A KE
Pi30-1 - TER AR 767 568 199 5(37)
P130-2 - TR R 1 007 472 535 6(10)
Pi30-3 a-TERE B 922 529 393 3(25)
Pi30-4 a-TERE B 464 309 155 4(8)
CKX7_ARATH Y& 431 431 0 0
ARRI7_ARATH — #/H3 &K 453 453 0 0
COGT2_ARATH  #Hfifi4y54s: 527 413 114 0
SSGP_VOLCA LRSS 606 134 147 325 0
Mt 5177 134 3322 1 566 155 18(80)

2.2 SNP {i =ik

SNP {37 i i M Hras R L3R 2, X 8 A~ e i
DRLFr B iy 91 kA7 8 A i SRR 2 184 4> SNP A3
&, P34 36.9 bp IR FSIH HBL L A4S SNP i 4o
SSGP_VOLCA J£[H Fr Bt LAGIN T 41 A SNP i 5, °F

¥ 14.8 bp (YL P51 BE 1 A4~ SNP 7 85, 1 A
P130-2 FEN Fr BE BN T 18 A~ SNP i i, P37 55. 9
bp BEE P8 B 1 A SNP iz R R LR A8
AIRE A 123 A R ([R) LKL ) A 61 4> SNP
(A=e

R2 NEMERMREREERRFRFIGERER

Tab.2 Summary of SNPs in candidate genes in Pinus teada for growth and resin traits

s 3L Rl B K/ bp SNP %t SNP Ji5/ (4~ - bp™')  AE[H] X SNP $ik iHER SNP it
Pt30-1 767 14 1:54.8 10 4
Pt30-2 1 007 18 1:55.9 11 7
P130-3 922 56 1:16.5 38 18
P304 464 9 1:51.6

CKX7_ARATH 431 9 1:47.9 7 2
ARRI7_ARATH 453 16 1:28.3 6 10
COGT2_ARATH 527 21 1:25.1 14 7
SSGP_VOLCA 606 41 1:14.8 29 12
J=Sa 5177 184 1:36.9" 123 61
1)-F3444,
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2.3 BREBISHEMY

K JH MEGAS. 0 F1 DnaSP4. 0 {4 4] £5-fi5 126 5L A
36 MREARJFHNIEAT 50 BT, HE 8 A JE R A A% Y
MREZFIERB(FK3) o 8 Mk SRR %
AP, F16, 43514 0.020 F10.016, 4b T4 K
-, TR 2 5 7, B2 AEIE B 4 T 0. 006 ~
0.034 , B H MR Z AS1E 0, 72 4LTE HE T 0.003 ~
0. 030, 3 b 56 i 4 T8 1149 K [7) 4 Fofr G At A4 R A [1]
MRS RAR DG R I T IR 2 SR (£ 4) .
AHIE B, IR AP AR A PR A 5C PR 1Y
B2 TR 0.005 9751 AT 0.3
fi5o Pot Z " RIE W FE AL P. pinaster FIRITHS P.
radiata #4 V£ 75 T B9 B 1 IR 22 25 1 2 0.002 41 FI
0.001 86,73 HZAMFLH 0. 12 F10. 09 £, ZH R
ZATERITFCRAE A BT A oA BT i aE , ] an i
T P. sylvestris var. monglica[lg'w: , AL TE RS Pseudot-

suga menziesii-"'* ™" FMIKZ Cryptomeria japonica™'

158 Mg S N Borp, HA i B H IR Z &
P, F0, B R Beor il e ARRIT_ARATH (ar, =

0.034) #1 SSGP_VOLCA (6, =0.030) , B A A% 1
MR =, F 6, WA R B P304 Fl CKX7_
ARATH(7r, =0.006,0, =0.003) . 5k 55 14
AR Z RN (0,.,) R 0. 022, %8 5 AE R X 2848 0
RN (,,, =0.014) JEAH[E . AT 5 [F]—
B A B4 At P DR A B S R R A i 3 3 TR
FHEE B H IR Z AR 60, it HABAH SCHESE 3.2 F
4.0 f5% . JFEDFBE COGT2_ARATH A [F] L5878
ZREVE (ar,,,, ) R HE DR F BE CKXT_ARATH ) 14.5 £,
A [F] LR AR A K Z HEPEFE 0. 029 ~ 0. 002 Z [1] A5 4k
(% 3), 31X 3R W J IR () 6 3 o7 1 0 Ak D77 58 v AR A 85
H2 0 e BB Pi30-2 . Pi30-4 1 CKX7_ARATH (1)
A 7] LA ARG, B 0. 002 ~ 0. 004, 3 B i 6 FL R H.
AR AL T RRIT . 8 MEdk I B iy
2 AR F B (Pi30-1 1 P304 ) 1) K/K, WAl KT
1, {0 W X BB TR 52 T [ e BRI 52 M AR . AR L A
F B K /K, EH/NT 1, Bl fT] 32 17 1) e 43 1)
MR %A BR T S AR ORSF o
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Tab.3 Estimates of nucleotide diversities of candidate genes for growth and resin traits of Pinus taeda

BAFREZ T I7) S/ AR [F) L/ R R TR R A AR Z R

RN B S 0, T, T Togn  Tosn’ T Oyl K, K, K./K, N, H,(SD)
P30 -1 14 0.012 0.023 0.011 0.012 1.061 0.012 0.010 0.011 1.061 13 0.989 £0.031 1
P30 -2 18 0.005 0.007 0.009 0.004 0.464 0.009 0.008 0.004 0.464 6 0.952+0.096 0
P30 -3 56 0.023 0.021 0.028 0.022 0.768 0.028 0.026 0.020 0.768 11 1.000 £0.039 1
P30 -4 9 0.003 0.006 0.002 0.004 2.385 0.002 0.001 0.003 2.385 7 0.773+0.128 0
CKX7_ARATH 0.003 0.006 0.005 0.002 0.370 0.003 0.005 0.002 0.370 7 0.625+0.139 0
ARRI7_ARATH 16 0.022 0.034 0.055 0.013 0.229 0.055 0.053 0.012 0.229 21 0.975+0.021 2
COGT2_ARATH 21 0.029 0.030 0.030 0.029 0.952 0.030 0.027 0.026 0.952 11 0.985+0.040 4
SSGP_VOLCA 41 0.030 0.032 0.040 0.028 0.693 0.040 0.037 0.026 0.693 14 0.971+£0.024 7

FHE 23 0.016 0.020 0.023 0.014 0.865 0.022 0.021 0.013 0.865 11.25 0.909 £0.065 1.875

1)S A% BIEEEE,0, 7, ABZFREMHMW 7, 7 AR XAER LR LS, 0,, A HRALE S, K A
AR F LR EFH A, K, A%BRIER R EFHEN, A PERASH, A EAEH MR, AL ERFFRDK,

PGB8 (N, ) IS B 2 AE R (H, ) P
PI{ES 09 11.25 F10.909, & 8 Mk 3k [N J B
Hh kBRI IR 22 R A R i 2 4,
R TR AN A AETE R A T 6 ~ 21, BB TR ZREE:
ARAETE AT T 0. 625 ~ 1,000, >R P FE A6 2647
/N E AR (R,) 5, ZR R 8 AR
WHBHI R, N1 ~T7,

2.4 EPATENEASR

K 8 AR PR B ro) 57 e 18] 2 B AS 1 At

(R*)ICEJG BEATER A 4007, S DB T A KB
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IFTES R LI 1, BB o e BE R P BORZ T IR e 91K
AT, SNPs 1Y HE BN P- A A BE TL ) 58 , 25 Rk
400 bp i IE, R <0. 2, B P s i, X
— 4L AE RS, SNP 32 BIAS - 75 o ok
FER R BENERE iR o 3 5 HAB A B AR b 1 4
E—F L SRR T 52 1R SR AE A [ 4 R 4
AR, K Zea mays W 30 55 N Fr BUK B
1500 bp, Y47 200 bp A= 47 Hf, R® FEAKE] 0.2 LAF;
) B IF Arabidopsis thaliana [ {5 358 22 R BA B
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Tab.4 Nucleotide diversities reported for candidate genes involved in different traits of various forest species

kil DNA B SRR LMK/ bp 6, ma,.  m..  Ho BEICH

KBRS Pinus taeda £ 5 5177 0.016 0.014 0.023 0.909 A5
LR INITN Rl 18 10 116 0.005 0.002 0.009 0.680 [4]
PAABI YA T 19 18 027 0.004 0.001 0.006 (8]
L NN TR RN 28 0.005 0.002 0.007 [16]
VI HA Pinus pinaster VRN N i N 10 4 746 0.002 0.000 0.425 [17]
FEEHRA Pinus radiata PAASAR IR T 10 4 746 0.002 0.000 0.376  [17]
FETH Pinus sylvestris var. mongolica  BAfERIR) KL F1A& 2 4136 0.001 0.000 [18]
BAABIA YR T 1 2043 0.001 0.000 0.359 [19]
TR Pseudotsuga menziesii BAAEAR R R R 18 15 183 0.007 0.002 0.011 0.820 [9]
LR NN TV AZ 12 0.009 0.005 0.013 [16]
BRI R TR 121 59 173 0.004 0.002 0.008 [20]
KU 1A% Populus tremula I 6 188 0.011 0.006 0.016 [22]
B Populus nigra n 8 056 0.007 0.005 0.009 0.931 [23]
IH- 10 135 0.004 0.002 0.005 0.894 [23]
W2 Cryptomeria japonica B & J5 B R 1A 10 0.002 0.436 [21]
H A g #1 Chamaecyparis obtusa B % J5 R T4 10 0.002 0.453  [21]
FE KM Taxodium distichum BAAER A IR R 10 8 623 0.003 0.007 [24]

1), H AR S A, m, e, AR A ER A Rl SUR K $ M0 H, B 4E 0 % M

100 000 bp, *47E 50 000 bp =47, R? K31 0.2 LU
T

1.0
0.8
0.6 = -
'Q oo smos oo
0.4 FFe
0.2 =
R hcet i
0 100 200 300 400 500 600 700 800 900 1000
BRAERS K JE/bp
Bl 8 MEEEEABRAGREMTEEINH R RERET
KERRBERL
Fig.1 Scatter plot of distances in base pairs and linkage

disequilibrium estimates ( R*>) between SNP sites in

eight candidate genes in Pinus teada
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W T X R AR . O T IS SO AR X R 2
PRI 3K ASBEFE LA = G A 2R O AR, e T
8 Mg EIE N Fr B, Horr 4 AR R BE SRR & A

XK, 4 AT B B 5 B A A (46 A4 R4 i
) AN 8 AR SR R Briff AT PCR 47 350
¥, 2458] 5 177 bp WL 7 By 41, Hh g X 1
JFHKEE R 3 322 bp, ARGt X P FIH B R 1 855
bpo AE[R] L5748 SNP £ 51 (123) Z T Bk SNP i i
(61) o 8 ik B K Jv B i) SNP i ik 43 A1 B 98 %
W, i X 1 SNP e i TAR g X, 55 AR 1Y)
SNP Zp#fr 4t S — 2, W JCHE AR 1 g 5 DX EL L Ath 35
7 HA = RS o (R Rl L g SNP it
BN UL R PR SN R, T RE & i T
TEFEAL I A2 B R B R A IR s,

8 Mg e He X v B i) A% T IR 2 A o, A
6, 7514 0.020 F1 0. 016, 55 HiHRIE A% H R 2k
PEA L, AT 8 M B RE A i B i 4% 1 IR 2 A 1
BT, IX AT RS PR A AR EL b N7 Y A8 I g i N P
G3 A AN st AR Rl B TR T IR 2 AR 25 57
A Ji I B R BT HBORE LA B8 4 17 b 1 i 2 ol g ast
T AR o I3 — K43 T R AT RS AR 98 i FH Y
PRI ER AL, 1A FRAL A 3 R AT b KB F iR &R
Ao 8 MM R By A BN BN, ) FHELAS AL
ZREAECH,) 3B 5058 11,25 F10. 909, HLfE A1 %
FEPE P-4 FRiEDR D 0. 065, R, K 1 ~7, A SCHG
B T A AR WAL T IR 2 AR, KW SNP A5id
XFKAERA AT 0 F b ic il Bk £ (MAS) fR 2 2 1y
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AW LB, b5 LD 3R IR 25 i 34, Ak
PIEANFL H B 8 ARt 3L BOE AR LD
TKSF-RE i, X R] R B T TR AE A A i D, Kim
RO YA A AL 15 5 25 SER/INIE, R R AR
A BN LD KV, KEMFRERMARR
AR LD K-, 38 B T 3 R R B AN
AR EITFSE . e, FE T SNP [ A - Al
K & B, 4% )& Populus 3T 2% Bl ¥ 1% 356 3 IR v B oY
LD FER I 554 300 ~ 1 700 bp A% Thumma
L (3031 o5 gt 2w B e Eucalyptus nitens LD 7K 75 3L K
CCR F1 COBRA-like N 2 3R 2 AW W, TE5F it 4
Ffref, 25 SNP FRic i LD /KSEAE LTS K
EREEEAY R X BT 45 R S AR5
LD Kl BEAR — 20, fa7n T 38 Tk 3k R R B 1 S B
W TE IR AT o ASWF T HEAT I 3% BT 20 B
AR T L DR B PG , R A 5 R 1] o IX s A
[F) e A Je 4 B PR A1 /K F- 1 LD F5 2800 2 1 bnic &
BIE ., Bl KRR 43 AL Y 4 L R 50 AR
FEIF R TR  Z YRR 4K LD =ik
POWG A5 B H IR A AL
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