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Abstract: [ Objective | To explore the change of chloroplast genetic characteristics and laws of Paulownia elongata,
P. fortunei and P. tomentosa and to discuss the genetic relationship among the three species. [ Method ] The genetic

differences of the Chloroplast DNA rpsl6 region sequences of P. elongata, P. foriunei and P. tomentosa were ana-
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lyzed by using sequencing method. The DNAs were extracted from each 15 individuals of P. elongata, P. fortunei
and P. tomentosa, then were amplified with PCR to obtain specific fragment which were purified and sequenced.
Quick sort were completed by the software Clustal X 2.0, multiple sequence were aligned by using software MEGA
4, and then the characteristics and the K2P genetic distance of the alignment sequence were also calculated. [ Re-
sult ] (1). The sequence lengths of rps16 region from P. elongata were measured by 916 ~ 933 bp; those from P.
Jortunei was calculated by 932 bp; and those from P. tomentosa were 916 ~ 918 bp after aligned. The length of
rpsl6 sequence was 938 bp after aligned by the software Clustal X 2.0, and the average GC content was 34.31%.
The amount of total variable loci detected from the aligned sequences was 10, accounting for 1. 07% of the entire
length of the sequence. The amount of variable loci (insertion-deletion site) was 9, accounting for 90% of the total
variable loci, for 0.96% of the entire sequence. The amount of variable loci ( substitution site) was 1, accounting
for 10% of the total variable loci, for 0. 11 % of the entire sequence. (2). Total 10 variable loci were detected
from the aligned sequences, of which 9 (90% ) sites were same between P. elongata and P. fortunei, while there
was no same base between P. elongata and P. tomentosa. [ Conclusion | According to the analysis on sequence
characteristics and mutation sites of rps16 sequences from the three species of Genus Paulownia, in chloroplast ge-
netic aspects, the results illustrated that there were much more similar plastid inheritances between P. elongata and
P. jfortunei than between P. elongata and P. tomentosa ; indicating closer relationships between P. elongata and P.
fortunei. From the above, P. elongata and P. fortunei could be inferred from the same maternal lineage.
Keywords: Paulownia elongata; Paulownia fortunei; Paulownia tomentosa; rpsl6

X Paudownia elongata S. Y. Hu) FI%E  ATRER B H0 5 1176 30 40 & A O F 1) 2 5. 5

KA ( Paulownia fortunei ( Seem. ) Hemsl) £ =5 i #fi
( Paulownia tomentosa ( Thunb. ) Steud) i % & F}
( Scrophulariaceae ) i J& ( Paulownia ) B &M TR A,
e T YA P NS B R AR P 2 — . 22
A B oA T LABE E TR RO AR A BT
I8 FAAEIRR A VTR AR 58 T, e i
A2 BB A s B AR 20 A AV R i —
SR 53 DX AL S, HEEE a0 XA DR 3 L A
WA S0 X, J2 ey AR 2R AR . B
B 7 Y 1T AN G VA= (=W N % D = G )
RSB ™ o pl T 96 o ) A4 7 B s AN i A7
TEAR e O Fh AR AS B B A5 i A 2k
ACRIA A BRI B w22 5 IR VA K AR
AR Pz T AR s s A
N =250 ] RE SR B IR 5 B IR P 24 58 Bl A
WA FE, B S B A REEX, 2

W SRR E . R ML SRR
UESE 22 2 Y M A A = YL R AR YA Y e g
Je sk s RAPD SRICHFIEIERJE 1 7 A, Hor
(45 R 2 — I AR IR 55 == 2% YAl ] 35 A4 A UL 3R R
0,723, Uk B AL A AR 22 25 R A T A 1 1 g5t
TR ER o X SETE I3 T /K B B SO 122 5
ARV, TR B AR s A ) A i A v 22 25 A

Wt AR AR R 15 A cp DNA JE£T RFLP
R AT SISt o U TP Y S POk RS E SN IR NS
SEF, HL 2222 A & AR A AR st 1% 1o 8K, i LA
KA IR P . SE3CHE T SR AT ISSR 4y
Mrfs 22 25 1 R 5 B v A R A — 21, 3R] 22 25 i A
5B ) 2 5% 5 R AT, X T B AR S 2 2 A Y
FARZ — X — W, FERE DNA 7K 3R — g i B
WA SRR

TERRA I 53 55 8 HOR W W58 00, AR A
W77 %, H AT 23 2 WK 26 DNA 22 285 14 45 A #il
DNA U J7 . 7 35 A0 L, S BT S 1 DX 1) i 2 0
DNA 75 5 4 [ $2 FL A, T e % 2 B b a2
DNA I ki ek PCR 4734 H AR, B30 5 4515
FP 3, 8t B3 Ar A ARG et T ARG T S 371 22
B A SO A A R, 7 TS BRI AR A I H
9. ERTFERTY) 5 AT DNA I LR A cp
DNA rbcL rpsl6 trnl-F %85 nr DNA ITS (ETS %, #ff
FEEFT R b E e iRk E] e ] A ] K A S
FFIR] Y3814 22 S A2 S [0 L, 25 22 25 R 5 SCHR RN i
NWFFERBERE G 1 5L K R B, #E 17 R 80 I e 5 43
BT A bR | 4 T o S e S 9 S %
GBS 22 S | 8 T 0 B AT T ) 3t 1 8 e 5 gk
e 2, HARZAER TN RE . ket piss



53 4

LI , 45 2T cpDNA rps16 J¥51 73t 22 25 05 1 A6 T AR A B TR A5 1 6 2R 379

JEFT T XIATERIAT 2 J@ 5t 1 06 2R T, Al T3 5k
40 DNA L8, R T %@ L R R 22
F TH PR RGBT B AR B, R %
SRR /INE R LRI AR SRS LB ernL-F R - %o
FEHEFE N 1053 bp 87 MERALE R EA 54 MER
Brri o FEHR B A ] 5C &, 45 3 0/ v (] 0
JLS /NI (51 58 42— 3, T SR AP e W 25 5
S F U mpsl6,mpll6 , rpoCl %, BB AT g [ PR
il g Ty 1 3 B0 HH B A A R (2409 10
f5) AR SR RN R G R B RERKENE
BB Z TR JETER TS o rps]6 3 DR 45T
FMEAZE (1 S16, 1 TAEY) cpDNA s DX, AT A
FIE I FhA ) SE L R0 . HRET Wallander
Baker . Robbrecht!'® =2/ ZER A rpsl6 X ARAREL BAAE
BRI TR T 8 SR AT 43 2558 1 2% i BF
T, IR A2 [ B A ) R 43285 )

SRR ps16 FEEIX 22 AR, 1AL
FIEHLHJEAT cpDNA FEFI40HT , '8 FEHT 22 % i
55 4G TR 0B Y R SRR R AR AR R A
UL, BT B s R

LA %

1.1 EYes

SEEG A RER A VLV UV T S0 1 A A I R
BT A ek ] g Al R 23t ) ALl Jey YA B 5
UL L R RS HAR S E ) , I 2 5
AEIEAI MBI 15 DFHEAR (AR 1) o SRAH i
B, 70% LB VAR, FJCR % B T K sk
T AFIE - 70°C KR KA IR A1 o

&1 ke

fift R

2H (P. elongata) TEPE R
HAEIUH (P. fortunei) TP LT I
UL (P. tomentosa) TR T

1.2 DNA 4#f

R FH R AR 3 7R 6 B8 T A i e i R I A
DNA, Zlif, DNA J5 , Z 3 i b f ik S5 A0 o3 Ot 2
A DNA ¥k 57 5 4l B, B B¢ 25 ng - pL7!,
- 20°C RIS

519 W IE [ 7 % ¢ 5'-GTGGTAGAAAG-
CAACGTGCGACTT-3"", & [ J¥ 41: “ 5'-TCGG-
GATCGAACATCAATTGCAAC-3" 7% 47 PCR 3~
1820 pL &R 7.1 x buffer 25 ng il DNA .

Mg2+1.5 mmol + L™' [ dNTPs 0. 20 mmol - L' 5|y
0.5 pmol + L' .1 U Taq DNA B 4,5 ul PCR
WER ), BEP PCR SN R ¥ : 96°C A2 P 3 min;
96°C 511 20 5,60°C iR 2k 30 s, T AE PR IR KR E
1°C,72°C 20 s, 10 MEFH;96°C 25 M 20 5,55°C 1B &
30 s,72°C40 s,25 PMEH ;8K )5 72°C 2E{#1 5 min,
1 1. 5% 1Y B A W B 5 Pl DR I ™ 3 7=y, o
FEISIR PCR 74 (R S MG 1) B — 2%l ) kA7 40
LG, B BN A YA (L) A R w173
[ R DS i N R e A D S D i =R od L DN 455 b
FEHEVE PCR R C AN 5 2R SR AR Y SR 1R 22
PGB R S H AR, 5 R A B 55—
WoE AR 458

WSCEI Y25 ) 3R 181 15 80 SCF i 3 BR AR 25
BEIEATFF S 5047 1. F Sequencher 4.5 Demo {45
AP AW [ A R, DL A5 5 T I, i [ e &
G N, 2. f5 B Chromas 2. 0 B2kl iy 51 S, £
I PR B (5 AN A 8 03, Ko 135 5 17 BT 140 8 0 e 46
Fasta #§3X. 3. A ClustalX 2.0 %> #6475 %5 kb
XF, AP XSO o 4. ps16 X e 1 Y 320 SAR 4
GenBank H i) 3T 2 7 5 514y 2 7%, # H] MEGA 4
AP AT Z B HxE, FE A K2P R, 5. A
] CodonCode Aligner V 2. 06 ( CodonCode Co. ,
USA) B4 BTt e 50 28 67 1 o
2 HRE4H0

WA ER o e e (B 1), Sk 17 20 i T
it o RARTFY rps16 FF 5 SEATINE 73 B , 453 22 25310
i P I BE 43331 g 932 ~ 933 bp; F1AE LA e 51 K
J& 4 932 bp; LA P I 53512 916 ~ 918 bp,
XF A rps16 P 5 HEATHERR 5 BB 938 bp , F-44
GC &N 34.31% ,

MFE 2 FIFR 3 Al DL Y« 22 25 i A A M D e
H) 22 A (1) AR P I 932 bp, 22 7%
WA (2) AR FFFI S 933 bp; & Z [E] Y IX.
BITET 2275300 (2) AR5 TE S 871 s |
A 1ATEEE G A9 A (225 30 Y RN 22 S A7)
W2, BFEMAR R T A MR — B e o K
9932 bp, B A PIFNTFS]  BHA (1)
RERMIFFFI KL 916 bp, B (2) WAELA S
KJE T 918 bp; — 3 Z [A] Y Xl 7225 727 . 728 £ i
EARIAE AR (A— - G- - ) &K 2, TE
716 AL AT HAE L (G—A) TL(5R3) o



380 Mook B

$29 %

80 90 100 110

120 130 140 150
FENNEENNEEE RN

NUNENEN
GTTACACTTGAACCCTTCGTTTTTTGTTGGGGGTTGTAAATAGTCCACGATGGAGCTCGAGTAGAAAGGATTAATTC

T |‘Im } \‘|‘
| ‘) I

H|
!

] . \
I U | ’! \]\ ,H |
L.A.'; J.l ‘v _zLL ! L I ,L~‘ .;-|J\,

Bl L A mpsI6 J7 30 R ]

FEREAS sl 6 JFPHH 718 ~ 724 bp LT M
MBS A DL (R 2)  MPE R AP B A 2 A
L5K , ANE A D A5 B LU T TR A R ] g A% 58 AR
8T, TR A i LR ki Bir L3 S Fh i
PERA R Z A 10 4% %‘@ﬁ( [l —A i F BT
A RS BRI A SE 2R , 5B P IR

1.07% o HeriAg 9 ANAE A7 4 8 Tl 47 A B ol 2k
RKR(F 1), AT EE 90% |, 5 AT K
FER0.96% . A 1 4~4% j@ruﬁlﬁ?ﬁﬁ%%ﬁﬁé*iﬂ
(£2), HEANERALEEER 10% , A TFHK
BERI0. 11 % .

T2 rpsl6 REFRA R (BNHERK ) REELE

LR i ML

i 265 266 267 268 269 717 718 719 720 721 722 723 724 727 728 871
FIAETAR (P. fortunei) A T A T € G A A A A A A A A ¢ N
Sl (P, elongate)(1) A T A T € G A A A A A A A A G -
2L YA (P. elongate) (2) A T A T C G A A A A A A A A G G
EYHid (P. tomentosa) (1) - - - - - - - - - - - - - - -
EIMI (P. tomentosa) (2) - - - - - - - - - - - - - A G -

A5 5 AR AR P92, 0 22 B (1) 37 22 3 PP a R S — Rzl - fR3R gap

K3 psl6 ERAS(WELHR) REELE

i PSS P R
716
E AL LA (P. fortunei) A
2EEWIHA (P, elongata) (1) A
2L (P. elongata) (2) A
B (P. tomentosa) (1) G
EuHid (P. tomentosa) (2) A
TE A5 5 BB RN P A AL, 22 23 fi (1) R 2= %1l
il 5 4 B B —FP 2R, =7 AR gap

CREAR 2 M 3 BIER, 12 10 MR,
2225 AR A Y LR AR S s B e 9 A
B (5 90% ) b HAT— B B A ; 115 B i A 19 18
SR S R B R A R

3 itk
ARG 1 B 1 264 rps16, HoAsi F cp DNA
KEPPEDUIX, G A% WER R 1 16S /N EEIER , HL

W& T UIRE LRSI D, B R B R SR T W
AEA1 o WASHIETE P AR ) rps16 1741 2 S0
SANZ U] s 16 AL Ja A A A — B, B
MHEAT R EBIM AR, A GRS 1456
VLR — 2o A S AR DI 1) GC & R, 30
34.31% , LW MU rps16 P HIRY A + T & B,
KT 60% o

IS B PR 42 S5 SCh S G e 00 PO R A ) 240 A
JRFEIN P74 14 3845 J7 20 T 4 i st 1%
H BRSERE R AL AT A A R
et )y 2 0 ARBFSEE L ep DNA JF 9143 7 K
L, 2225 A5 BB Y rpsI6 ¥ B HA 94. 12%
AR )72 S5 B , 5 B IR Y rps6 P81 oA AR AL
SEALAR,, YL 22 5 WA B rps 16 Jy 51 B B0 11 A
A, RV ) LA 79 5 EL A 22 AR AR 1 I 2 R gt 1
PI, T REOK A Rl —BE R AL, % 5 S 4 i



53 4

LI , 45 2T cpDNA rps16 J¥51 73t 22 25 05 1 A6 T AR A B TR A5 1 6 2R 381

FILAS— 5,

TERGEMIBTT & B, BRI 45 2 FhilE
35 5 S AIE 52 24 2 Y KR 1 S YA R A YL 19 252
Firo WABEE A2 Bz BARAR BT A i
WL IESE T — 15, : 22 0 Hi i T35 i B R AR
1E5 MR — B, T F 22 K2 0004 T 6 R 0 1 183
i 22 1], AR I 2 50 A B 322 0T B A . Y A AE 24
FR BRI L™ X 22 W MR A 26 3% 2 BRI AL
ARG R B - 22 M AL 2536 2 B Z DA T
B IR 5 B AR =2 ], T AL R R B 5 6
VLR O BT — 380, A 22 2 Y f S AR J2: 1 46
VLA R B VR 4R B T B E . SRR S i
fiiJ@ 8 Fit4 GAT AMYL ADH MDH [&] T4 #7,
FW 222 AR B SR AR Y O A AR M AR A B .
A0 cp DNA RFLP (532645 Ik g 22 % i i
S FUAEYIAR 5 B YRR B 2 5l FLHS 5 1 AE Y AR Y
AL YRR, BT LI U A AR AR 2 P . B
A5 A Y KR B A T 22 B A I R S AL )
J3, 37 -4 A DNA 75T g L 3 14 18 15 5 2R 4 fit
A FI 5> FAEH .

IR 2R 5 78 IR B R Y AR 7E 4% DNA
7 A S0 ) 56 R B HRTIRSE , (A A% DNA B64iF
22 90 ] 2 11 A 96 AR R B YA P 2 58 o X O S — A
TERRA U, M B IR T R 22 A A 2
R VT A K DR 2L AT R 45 e TR 2K 1 Y
g

4 i

M =AU B rpsI6 B FF B R Ak F12E 57
LS AT, A SRR T 10T, 22 2% T HA
55 A AR S 2 A R 8 A o, R R ok R o
LE A HE 22 25 A 5 AL AT RER A A —
BRI

S 30k

(1] 295K, v A, BT, 55 v A e FiOs o R 5 [ M ]
At s E RO ARAL, 20132 - 12.

(2] BRWZAR, SE3CIH, £ Fi, 5% FAEMM B (00 R SRk i 45
[1]. MEFERRGE. 2014, 27(2) : 277 —283.

(31 £ #f, 205K, 33CR, . Zeacififi™ B H 337 5H A 58—
RIDCEFHERE ] RACML 224z, 2015, 43(6) @ 51
-56.

(4] £ #h, 205K, B BR, % EMICRIEIER “TI33” THE
AR FAI LT[ T]. Mok B2 0758, 2015, 28(3) : 402
—-408.

[5] Schwarzbach A E, Donovan L A, Rieseberg L. H. Transgressive
character expression in a hybrid sunflower species[ J]. American
Journal of Botany, 2001, 88(2) . 270 —277.

[6] Rauscher J T, Doyle J J, Brown A H D. Internal transcribed spacer
repeat - specific primers and the analysis of hybridization in the
Glycine tomentella ( Leguminosae) polyploid complex[ J]. Molecular
Ecology, 2002, 11(12) : 2691 —2702.

[7] =2l i JE A B0 00 A Tl B DX AR R BRI ] All B
2, 1981, 19(3) . 271 -280.

[8] AEEMF, ML, AR B AR s [T]. T, 1992,
12(2): 185 - 188.

(91 y50g), Wi, ALigHE. WA E LAY 1 RAPD 234 [J].
IVEAEY, 2001, 21(4) . 335 -338.

[10] & ¥, k&M, Z0esr, 45 Y m Y 2L RFLP 247

[J]. #M¥#ksE, 2001, 21(1): 136 —139.

[11] B30, M, v N, 55 AR RS R ISSR 4
Brid]. MolkRiaE, 2013, 49(1) : 61 -67.

[12] & 1% FIH DNA FIBREAR e Wit D]. &
[ pp AR, 2010.

[13] fEARTF, Rz . AP DNA B HR [T]. M4, 2000,
45(1): 1 -12.

[14] 4, 2RO, B{IE-F, % PR TREHAR KD THRid
BORUIFORUERELT]. Zhkt, 2010 (2): 312 -317.

[15] BR235,96 &, W, 5. & ITS . Tml-F .rpsl6 75 5
WIIARLT]. EARR, 2011, 44(8) : 1553 - 1561.

[16] sk&ty, E&F, B ik, & ETREKT /I DNA P
TEBOARTE TN AT 25 )8 ek P L b el e iy i LT ] b
2. C 4§, 2008, 38(12): 1166 —1176.

[17] & &, XMRWK, B—z, %. LT ITS FHIH tml-F FFIHE
/NHSRXGL, X LR SR ARG L R e R [T ], A
W4k, 2006, 44(2) : 126 - 134.

[18] Wallander E, Albert V A. Phylogeny and classification of Oleaceae
based on rpsI6 and trnL-F sequence data[ J]. American Journal of
Botany, 2000, 87(12): 1827 - 1841.

[19] Baker W J, Hedderson T A, Dransfield J. Molecular phylogenetics
of subfamily Calamoideae ( Palmae) based on ntDNA ITS and cpD-
NA rpsl6 intron sequence data[ J]. Molecular phylogenetics and e-
volution, 2000, 14(2) . 195 -217.

[20] Robbrecht E, Manen J F. The major evolutionary lineages of the
coffee family ( Rubiaceae, angiosperms ). Combined analysis ( n
DNA and cp DNA ) to infer the position of Coptosapelta and Lucu-
lia, and super tree construction based on rbcL, msl6, trnl-trnF
and atpB-rbcL data. A new classification in two subfamilies, Cin-
chonoideae and Rubioideae [ J ]. Systematics and Geography of
Plants, 2006 85 —145.

[21] 25578, RN, B30, . AEIERMIREA 2R IS-
SRMTLI]. WAl B R =24k, 2011, 31(7) 1 -7,

[22] 53080, =X, 2054, & AR IR 1L 2
WAL [J]. FBAFR, 2011, 31(5) : 585 -591.

[23] Thompson J D, Gibson T J, Plewniak F, et al. The CLUSTAL_X
windows interface: flexible strategies for multiple sequence align-

ment aided by quality analysis tools[ J]. Nucleic acids research,



382 NI /A = S 1 S

$29 %

1997, 25(24) . 4876 —4882.

[24] Tamura K, Dudley J, Nei M, et al. MEGA4: molecular evolution-
ary genetics analysis ( MEGA ) software version 4.0. [ J]. Molec-
ular Biology and Evolution, 2007, 24:1596 —1599.

[25] Vinnersten A, Reeves G. Phylogenetic relationships within Colchi-
caceae[ J]. American Journal of Botany, 2003, 90 (10). 1455
- 1462.

[26] =KFR, MEF, BZRAMG, 5. SR HRASCHN B HIRA cp-

DNA trnL-tnF R W38 L 22501 [1]. =Y BEE, 2007,

29(1). 103 - 108.

KRELL, S, SR RAWA AR 3 #E - 4¢K DNA

imLtmF FERIAE S5 B0 ). R 15 5R B 0 4

[27

[

2014, 20(003) ; 443 -448.

[28] Qi W, Yang H, Xue Y, et al. Inheritance of chloroplast and mito-

chondrial DNA in Chinese fir ( Cunninghamia lanceolata) [ J]. Ac-
ta Botanica Sinica, 1998, 41(7) : 695 —699.
[29] Z=530R. WM wEFEE I M. Jbnt: b EMOl A, 1995

226 -230.

[30] iR, WRabac. e it 2 B B R AR R BEILEE [T ).

Al K2R, 1996, 15(2) : 190 - 193
[31] Z2EME. MARRY) CAT AWYL ADH [F TAFHFFE[ D], 2L

Sl R, 1996

(DALY 5k ©)

1k



