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Abstract
chloroplast DNA distribution range, and their noncoding sequences of chloroplast DNA trnT-trnL, trnS-trnG and trnL-trnF

The samples of Pinus tabulaeformis were collected from 12 populations occurring in whole China within its

were sequenced. The characteristics of base compositions and the significance of the sequences in taxonomy of Pinaceae were
analyzed by using the sequence data. The results indicated: (1) The three cpDNA sequences, 448 bp, 636 bp and 421 bp length,
were characterized with a high A+T content; and (2) the alignments of the three cpDNA sequences in P. tabulaeformis were
identical and conservative, suggesting that the DNA sequences were not suitable for analyzing the intraspecific relationship
of P. tabulaeformis, but they were found useful for analyzing interspecific and intergeneric relationships within the family.
The NJ (neighbour-joining) tree constructed by using PHYLIP software package supported that Pinaceae could be divided
into two subfamilies, revealing the closer relationship between Pinus and Cathaya. Because of their moderate length and easy
amplification, the three DNA sequences were considered as ideal molecular markers to study the evolutionary systematics of

Pinaceae. Fig 2, Tab 2, Ref 24
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Table 1 Natural conditions and locations of all the populations of P. tabulaeformis studied in this study

FEH 2L/ FEH ZJEIA Frit 2L/
Population Longitude/ Population Longitude/ Population Longitude/

code latitude code latitude code latitude
il (LS) o onan Wil (GD) 030'E/37947" PR (SC) 015'R/31993"
Mt. Lishan, Shanxi 11958 E/35°25"N Mt. Guandi, Shanxi HIE30E/37°47' N Lixian, Sichuan 103°1S'E/31°23' N
IR (LK) o1 2 g01 ! IR (GS) 05 T'E /34933 LTl (LN) C04'E/40°55"
Mt. Lingkong, Shanxi H2PIFER673TN Tianshui, Gansu 105°57E34°33' N Mt. Qianshan, Liaoning 123°04E/40°55"N
PR (ZT) 096 /35053 TR (QH) °00'E/37°18" BRpbER (SX) o18R/3401 1"
Mt. Zituan, Shanxi 113726'E/35°53'N Huzhu, Qinghai 102°00°E/37°18' N Luonan, Shaanxi HOPISEA47ITN
WG 2L (LY) 053'E/38935" WS (NM) 027'E/41°23" HEZ R (HB) °17'E/40°29
Mt. Luya, Shanxi HIPS3E/38735N Ningcheng, Inner Mongolia 187271723 N Mt. Wuling, Hebei H7AITE/A0729'N

1.2 REFH=*E

KA MR CTAB 38 BOM AL £ i ELDNA U2, -
W5 % % Taberlet Ml Hamilton A8 3% 11 013-14, i 1% H 3
XAl A T s AR BB E S, Bk
trnT-trnL (F: 5°- CATTACAAATGCGATGCTCT-3’,
R: 5°- TCTACCGATTTCGCCATATC-3"), trnS-
trnG(F: 5-GCCGCTTTAGTCCACTCAGC-3",
R: 5>-GAACGAATCACACTTTTACCAC-3"), trnL-
trnF (F: 5>-GGTTCAAGTCCCTCTATCCC-3", R:
5-ATTTGAACTGGTGACACGAG-3’) . PCRY" 1 J5 )i ¥
RBUN15 uLIK R, 445 10xPCR ZE ik 1.5 uL, 2.0 mmol/L
dNTP 1.5 uL, 2.0 pmol/LIY514#451.5 uL, TagDNAK 5 0.5
U, DNAH50 ng, iiddH,0% 15 pL. PCRY M4 5% 94 °CHi
AR5 min; 94 °C 30's, 55 °C 1 min, 72 °C 1.5 min, 357 §%;
72 CHEART min. HIAGHE S SR A [ PCRY 1 ™= H1 i H i)
B, AL ), S5 pGEM-T easy#i{AK (Promega/A ] ) i
¥, ¥ AL DHSoJf 2 A5 A0, 2647 W A B V& I 8 . $2 CBH P 5
R R IR 7 75 5, IR H B SE R R B ) SR 8 4 .

FE 8% R FH BioEdit #0458 BeUS), IF i PATE 24 /9 F T
Wext. HELFBFHIHPHY LIP (3.66) #4172 G A B o
Hriel, 48424 (Neighbor-joining ) 43 #f B}, 58 HURR e 4 75k
(Cycas revolute) MERT (Ginkgo biloba) FANEHEEN, 247545

A X, I3 25 FE AT 2 0 EL A S0 B AR S L
i GenBank#r ifi), T £k 5 W SR AK trn T-trn LR Wi A ¢ B FAR} A
W15k (£2).
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Table 2 Species and their accession numbers from GenBank

. FPA . FPo

Fli44 Species Access No. Fli%; Species Access No.
Pinus thunbergii D17510 Pseudotsuga sinensis AF440504
P. tropicalis AB097065 || P. menziesii AF440503
P. strobus DQO010640 || Abies kawakamii DQI112528
P. bungeana DQO10641 || Keteleeria evelyniana EF395417
Picea meyeri DQO010623 || Tsuga mertensiana EF395447
P. glauca DQO010605 || Cedrus deodara DQ9Y83638
Cathaya argyrophylla DQO010639 || Ginkgo biloba (outgroup 1) AY145323
Larix kaempferi DQO087863 || Cycas revolute (outgroup 2) AF531181
L. occidentalis DQO87866

TN T SRR ern T-trn LI 0] [ PP 91 K B A 448 bp, BT
WiF e 470 ) g Rl VR, T T HE T 1938 i 3, L HL A AR R
SERIFRAY. WAATT LLH F 91 413 bp, M 474> 0Bt
T YIRS A T395~419 bp, TR TtrnT-trnL 3 B
BB K E 250 A TE T E, &80 i i—
AYFh, LRy, I8 TAARLOJE, Fedlxt H 25 R an & 1. 3%
DNA R BEFEE 2 A 05 5 A 3| R G FOmai i il 25 e, e H
— M LA R BRI AR L, S W R A A
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11122233445666 77
ET846703509%089178 46
Pinus tabuwlaeformis cocrTca GTCGCGCTOCG CG
Cathava argyrophylla 2o & TTG. . ... A
Picea meyeri LT - T. ...
Psendotsuga sinensis . o . . . LTLL AL
Larix accidemalis T.o.To o Al
Abies kenwakariii . C. .G, L T, AL ..
Keteleeria evelyniana . ¢ . . . G. . T.. A. . TT. T.
Tsuga mertensiana ... GT. T, . ATC, A
Cedrus deodara c.G. G, -T. AL

1111111
4444555566 L E [ 2
27857802459 0456785%021234578 51
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T30 8BRE9%5%0000002111111121112222313
90137E947812578%0123456789056734
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Fig. I The sequences alignment of the cpDNA trnT-trnL regions among 9 species of Pinaceae and their variable sites based on the alignment

PR IF I LA, BT R AR Y 51— 2

The numbers indicate the sequence sites, and the dots show the identical bases to that of P. tabulaeformis

2.2 BEFtrnT-trnLF B SPIZER SR
FHIXNEERE R, MBEF MW ELMR (Pinus
armandii) . AR K (P. bungeana) FZLKS ( P. koraiensis) 73
HA100%[R N, =428 (Picea) THYF T (P. wilsonii) I
I (P. meyeri) 100%IR) . #4153 R G I, 1750 [] 5 1 4 Fb i
BU—F, 16 MARME Y trnT-trn LI 4B 3 R Gi R WL B 2. MBI
A, (D) MFHSREY S IR EE S — R
W2 E (Abies) | iMA2)E (Keteleeria) . HH2)E (Cedrus) . Bk
W& (Tsuga) WWFR, o2 Ig SR 2REIR S 55—
SCHPAN WA S R, — A5 SR A2 8 ( Pseudotsuga)
HERE (Larix) YR, — D5 2mE . w2 R
(Cathaya) . =EZEYM, T HRN B SREBRHXRET
5xZKBEMNXFR; (2) BERSHFIEK— AR, RIGR
W bootstrapft, TR ZI L FFN BRI EL L R, /0 JE T2
J& « A2 JE R RS I 0 P R 2R S —32, BAS EI100%M A
T3 HE, R AT —JE 0 R REAR A 4 B — > R . aE
— IR UEAA R AV 5 A B B 0 AR, TR] sk e BH I 3 51 - B

EHATMERLL L REREVI; (3) REM [FIAT IR B
J 2 5 2 R AR R B R R 1 — ISR
2.3 MEREDNA trnS-trnGHtrnL-trnFRE IR G EF
M2 RDNA trnS-trnGHltrnL-trnFF B s T 5 trnT-trnlL
LRI RRAE, P AR L R AE 0 e . il 33 GenBank#r i),
StrnS-trnGR B M KB Y 43 )& TR 3R 145 5
traL-trnFA5E B AE WS B 99 Fh, T34 A BEARRELE
A OrMr, 78 BEAUHE (] 5050 BT, IlAR I S K trnS-trn G TT 1L
BT 5124620 bp, — & 3T I LT 8 PR Y 514 B AR Ak
BOR, i HBEE 2B e 88, trnS-1rn G 51 (1 22 58]
L AW K B R, FUE R — R g A AR 2 B 58
T, BT E 25 BRI R . 5
TF-L. Peroffskyanalth SN AE #2112 e AR 4244, TR IE M Fh1R]
TEPEAR B, S Fs trnL-trnF A2 FF 504 421 bp, 7 0L HEFRY
BB 45, AT LE P 51 4388 bp, T [E AT 4 AT LT WA 1 41
KA T382~393 bpZ ], WK TirnL-trnF R B AERAFHE I
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— L
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L o
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Picea meveri
Picea glauca
93 Cathava argvrophylla

100 a8

Pinus thunbergii

—1 68 Pinus trapicalis

100
100

—— 100 74 . .
—— Pinus tabulaeformis

Pinus bungeana
98
Pinus strobus

Tsuga mertensiana
4 .
—F Cedrus deodara
41
3]

Keteleeria evelyniana

Abies kawakamii
B2 e FRARN6FAE M trn T-trn LIFIFG 5112 IPHYLIP (3.66)
LakeaibRiIEE Sl
Fig. 2 Phylogenetic relationships of 16 species in Pinaceae
IR R AR 100/ FE AL FURA, RIZRERANERA AR SRl
C. revoluta and G. biloba were used as outgroups. The neighbour-joining tree
was computed by PHYLIP based on 100 replicates. The bootstrap supporting
values were indicated in the branches

KEZEME ORI .

30
3.1 H#AcpDNABIRFIIHEZFEN

AR S R G 5 T2 A A A A AR R, R AR A A Y LA
FAL£E31°007~41°00° . 75 £:101°30°~124°25°. A 5% JIF SR A
L2014 22 . 10 SR BE AT, 3% 51 40 B 0 7 471 24 J6 AT 4] s
AR S, AR PR RS E AR S, (ELAE B (B RN R4 AE 5 1
Bl 6 25 5, UEHH BRI 3 270 19 £ 8 1 2 AH G 1. 34~ cpDNA F B
EAVERYIFP L 05845 45 70 A i R G400 5%

FRUMPEIR T 32 PR 85 PR 2 1Y S 0 ] R S AN Bl 0,
FARHE ) AL AL 555 F SE LR R, A0 R AR T 5T 1Y
AT EEPE A St 2 2 B T SRR 2 A% R — B i
A, YRR L 32 B R PR 4 T K- 1 45 #4728 S 41
ANTR], X TFAA R HE B A S VR A i) A 2 % 0% 2R AT I A TR
AT i, ARMEE 38 B 38 AL b 10y TR A B A e SR i A
VK trnL-trnF . trnT-trnLMtrnS-trn G A B i v, 71490
W HBIRZS 5, 5 |9 AE R RS [R] Jag 1) o 245 1R i i) 2 Ak
JITLATA 73X 34 i B 1 55 A B A 90 i ) RS 43 ) 2R 48 2%
X R BN R 4> FARIE.

32 REYMEREEINXR

ChEAY E) RIS R R I S F R A R
R F 34 WRE #AEFRE  (Pinoideae) [UAR R — A&, 74
A RN (Laricoideae) & 25 #4048k )& ( Pseudolarix)
MIEHINE, BT (Abietoideae) & IMAZJE . IBAZJE | &k
ZE . =R BER. BERR. AL A TIEHER 36
A Gy kR, O BE A R IR R 204, A AR B4 R34
R RIS Y. HuBE MR g 25 (R 2 B S F 5 F

TENGASBE 3 AP SR, — R EE 2w EE .
WAZE R EAWNE, 5RO E . REE .
EANE IR E R4 R AN B Y, X — 2 R A5 23 S B B
(marK. nad5. 4CL) X5 73 B 9 SCREUT. FRATAY R 45 Rl
NSRRI 2R A 1 1Y, (RS P d e &
AFIANE, MER2TISE ~ B2 )E ~ s B W, mEs
WSR3, HEREHE, M SEEZALERIET
SRR, WEMENRIEEE . ERIES . ek
MR ST R AR, YW SRR, HE R R RE
CAER 7 B WA BV G, BERABHEY) M K trnT-trn L
[E] B 7 5 A 1 AR R AR 1 23 TR B

A cpDNA trnT-trnL . trnS-trnGHltrnL-trnF 18] 5@ ¥ 5 18
—EREE E BT MBI RGE X R, (Bl TR KA LAH
BB —&B 53, VER R G A —E RRYE; H i +3
DR BOARRE AT 0 B, LS B A A e
ZIE A, WE 251, B2 AT 5 DR R kT B
B OB, TR S 1 S DR T SIS W AR 2 X 4 s R
BN G T & B W BIL, B0 2 45 JE () AL DG R T RETE A
M.
B O AR IR LEAFMFEENFE S HTIREHA
FHELELRE TR, BMEZERT L TRFERS Bt
GRIALTFAZFELFEARITNIF. ELELRAEIAE
A FRAERFF LM A F LR ARA R 2H 5.
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