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) B R LS R R w2 TER  ERE MARE Hi=F
("PUR R AT AR 2B, K 400716 ;% VU1 4 2298 TARF AR5 o0, S 610031)

WE AT P LA AT EEM R, 2T LR KREF 12 A4 EE TR TS Timl-F rps16 B I 57 6 K & |
C+CAE . F4 AR ERERREET A E, EREAW,ITS MBR (&1 5.85) 4 KH 576 ~590 bp,G + C & F
59.38% ~60.17% ;TraL-F & [ X ( &L.3& TrnL A 4A-F) 4K #4920 ~923 bp,G + C A& #4 34.02% ~34.24% ;rpsl6 AAF A K
H929 ~947 bp,G+C A& H32.51% ~33.26% , F4%FEAHWEBT, 0L BB LB LB HMpod FEE> B2
2R, BRRABRFRARE SMKRE AWREE JTAXIOELERE HELF1F5 HALERLLF AR Fwa i AL

gk A DBREESIMORME, MBI EBATE HBLEARBED KWL HH DBEAHZHER B4
BEEINBE R, HIBERE A RFRERE SNKREE VBELEEMEEMBNELEESMNAH1.0~1.3.0.2~0.3,

0.1~0.4.0.1~0.2.0~0.3, % MEZF 15 H2odk FEOE T AXIOLME HHIFEE 455 IEEHA R R

BEBEFAKR, BEEFZESWHEFTER 14 MEEALE, b BAL 5409 0.5564% . & F X A B EBHE MM A

2R BEFRSEFEITS KRR, ITS.Trnl-F F= 1psl6 Z K B R B F%E R 1ZEALE R HFHRANFR,
KR AF & Z TR ITS  Tinl-F 1psl6 /57 ; A3 & ; F 4 £ &

Analysis of ITS, TrnL-F ,rpsl6 Sequence and Genetic
Relationship of Characteristic Mulberry Resources
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HUANG Hao-xiang' , JIA Ting-hao',LI Tian-xing' ,FU Le-zhang' ,CHEN Ren-fang'
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Abstract; In order to understand the characteristics of mulberry resources,we analyzed the sequences of ITS,
TrnL-F,and rpsl6 including the length, G + C content, genetic distance, and parsimony informative sites using 12
characteristic mulberry resources. The results indicated that the length of mulberry ITS sequence (including 5.8S)
was 576 —590 bp with G + C content of 59.38% —60.17% . The length of TrnL-F sequence (including TrnL in-
tron) was 920 —923 bp with G + C content of 34.02% —34.24% . And the length of rpsl6 intron was 929 —947 bp
with the G + C content of 32.51% -33.26% . In the Cladogram built by mrbayes software , Broussonetia papyrifera
was separated first, the remainders were arranged in the following order: Xinjiang M. nigra, Xianfeng M. mizuho
Qinzhou M. macroura ,Shennong M. cathayana , Guangdong da shi, Ya'an M. alba,Sri LankaNo. 1, Hubei M. mon-
golica No.4 ;M. alba var. Tortuosa ,Hetian M. alba ,M. alba var. pendula Jianchi, Xiao guan sang,located in the top-
most of the cladogram. Based on the outgroup, Xinjiang M. nigra was a primitive type ,while M. alba var. pendula ,
Jianchi and Xiao guan sang were the most evolutional type. The genetic distances between Xinjiang M. nigra , Jian-

chi, Xianfeng M. wittiorum ,Qinzhou M. macroura ,Xiao guan sang and others was 1.0-1.3,0.2-0.3,0.1-0.4,
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0.1-0.2,0.0-0.3,respectively. And the genetic distances of M. alba var. Tortuosa ,Sri Lanka No.1,Ya'an M.

alba ,Hetian M. alba ,Guangdong da shi, M. alba var. pendula and Hubei M. Mongolica No. 4 to others was almost

the same. There were 14 parsimony information sites, which accounted for 0.5564% of all sites. Variations occurred

in Broussonetia papyrifera and Xinjiang M. nigra,and they were mostly concentrated in ITS regions. However, the

parsimony information sites were insufficient to analyse the genetic relationship among Morus with three segments

(ITS,TmL - F,1psl6) , suggesting more work should be done to resolve the problem.

Key words : characteristic mulberry resources; ITS, TrnL-F,rpsl6 sequence; genetic distance; genetic rela-

tionship

Bl A 5%l 1Y R AE 5 B TR Y AIF 9T
fitlh b 4 — S 4 (5, 3% S b T A A A
A URMAH AE $E AT R IE Or F R G o R
o UCEE B JE Z& ( Morus alba var. Tortuosa) ., JE 701
& (M. alba var. pendula) %5 12 /™ H5 0 Z B 5 Fh
BRI, X 26 R R R R B A —E Tk
P E, e X4 &% il Jusok, 4
K5 W i TR il SRR AT B AR 4,
AT A 4% il el b i AR g R R R AR
RS TACR , HoA AR E D s S )
AR 10 BN R F& il 1 B 5 1 02 B R
FRZEREM, MLARREZ W, BFEK
B VI PO KR R BB R KR T A, X
AR RN E T TR K 10 R = A5 R
TFREFHERIFEMMAE, FHEARIR %
PEFRR, 2R 1 S HBERRWE AR, A
A A4 Sy R AR OR BT RE Y 4 R, T A A
— R, SRR R IR BRI S R
T, RZFR O hMERAZMF, M5 R 4 50
AARKAEAEE TR E b R R KA, BB IR T
KGR, AR AR R R, ARSI
PiARM A K HoL FRAR A AR R AT AR
P A A SRR EHET ] .

ITS TrnL-F . rps16 J3 511 35 R 5& A [1] X (1GS, in-
tergenic spacer) B N &% ¥ (intron ) E A5 X, 52 £ £F
B 800N A R Z2 TR R s
MR RGEI EE LRI, WNaTKF
BTRAVEY G R IR R 4 R A 2050
TEZM L EA R TS [ TraL-F Hl rps16 FPoHR K
G R MIR T IE ™ AR WL 5 | TR 20 5 S
BRFRAPIRIRE, R AFRIE T 12 M
OZE R ITS  TenL-F F1 rpsl6 BFEFH], 7007 T
FBKEE G +C & SRR e 5 RAL
SRREE KRB, R AR I & AR T
—EMTFEYETORL,

1 HE57TE

1.1 ##

AR VU R R AL 5 AR
Al AT U1 =5 G PO AR,
TIPERORRIRN RS LR, S 555 1
I3 Jm A 13 AR 2R (FE Koidzumi 7328
RG0) MANETE—HIMW Broussonetia papyrifera( £ 1) ,
1.2 DNA ZEEHREKRN

K CTAB 3V R ek i, 0. 15 g 2247
Bk T4 1 St S HUEL DNA L 3T o R B O
S 1. 0% Byt B Wl 6E B FL UK R0 28 A0 43 S A% 1R
E AL ( GENEQUANT, Eppendorf, Gemany ) 5
IR\
1.3 PCR¥ 5N

PCR ¥ 52 )i SR FR 20 WL, Horp 4 10 ng DNA
R, 50 ng IESZ 1A 514,2. 5 mmol/L ) ANTPs, 10 x
PCR Buffer 115 U Tag DNA R &8, ITS TmL-F §”
HETRFE M 94 °C T AEPE 4 min; BN EHF 94 C 28 1k
1 min,55 CiE K 1 min,72 °C ZEfH 1 min, 3L 33 4MF
1,72 CHEMP 7 min, W ZEHRIZHITE 12 C, psl6 §7
TR K 80 CHASYE 5 min; AR5 FAMEH 95 C 748
1 min,50 CiBk 1 min,65 °CZEH 4 min, 330 MG
1,65 CHEMH S min, RN EEHFIEHI7E 12 C, 3
19 ITS 5:5"-GGAAGTAAAAGTCGTAACAAGG-3';
ITS 4. 5'-TCCTCCGCTTATTGATATGC-3""* | TmL-F
cpDNA-c: 5'-CGAAATCGGGTAGACGCTACG-3"; TrnL-
F cpDNA-f: 5’-ATTTGA ACTGGTGACACG AG-3'
mpsl6-F;  5'-GTGGTAGAAAGCAACGTGCGACTT-3';
mpsl6 — R2: 5'-TCGGGATCGAACATCAATTGCAAC-
30 B A T AR,
1.4 HIEHH

Wy 25 5 >k H Sequencher 4. 1. 4 A4 9F 32,
X/ B0 S B AR B I R AT R, SR
Clustalx 1. 83 ¢ B #4775 L X, Bioedit K4 Bk
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PR S B8 . SR DNAstar 80047317 4% )5
IR G+ C & BAHE ., RH PAUP Ver-
sion 4. 0b10 I Modeltest V3. 06" K {3 %2 7 fig
B4 32 % % ( hLRTs, hierarchical likelih ood ratio
tests) RE R MR {E (mixed chi- -square distribu-

®1 HERMRMTERER

tion) , AL = F B R A REA IF, R DnaSP v.
5.10. 00 #1243 H7 1TS . TenL-F F1 rps16 J¥ )
5 BAS S 5, M E Fe AR AY AIC fH (akaike in-
formation criterion) , 31z mrbayes BB S A7
RGRFR I

Table 1 Information of characteristic mulberry varieties resources

i R FR FIFHMAE P IS T 4 B 35 GenBank accession
Code Material name Utilization value Locus/Source Latin name ITS/TrnL-F/rpsl6
1 ez el A EZ M. alba var. Tortuosa AB604281/JN006353/JN006313
2 WHE~R15 S R Wri-f M. alba AB604288/IN006346,/JN006339
3 BN R Y M. macroura AB604290/JN006381/JN006289
4 lESs HEZR T HA M. bombycis AB604246,/JN006417/JN006325
5 A KA S R rh L M. wittorum AB604225/JN006370/IN006334
6 M R S rh E A M. alba AB604269/IN006402/JN006324
7 GUEISES B 5 i 7€ R E AT M. alba AB604247/JN006351/JN006288
8 Pfete sk PN o [ A e 40 M. cathayana AB604280,/JN006412/JN006292
9 JTARK10 A HETAR M. atropurprea AB604277/IN006379/JN006296
10 y&ES el A H 4 M. alba var. pendula AB604244/JN006349,/JN006333
11 INE S HE# H EHEEEN/R M. alba AB604242/JN006350/JN006304
12 Mz 4 5 VBBl 7K £ R rF L M. mongolica AB604266, JN006405 / JNO06300
13 LIS ES P HEEY M. alba AB604289/IN006344,/JN006340
14 e € T o L M. mizuho AB604249/JN006392/JN00629 1
15 DU R TS SR M. mongolica var. diabolica  AB604275/JN006408/JN006290
16 IR % PETAR M. atropurprea AB604248/JN006391/JN006285
17 WK F P hEw S M. notabilis AB604228/JN006372/JN006303
18 i IIIE Y% o [ e e M. bombycis AB604254/IN006354,/JN006311
19 AR BN 5 Y% o E PR M. australis AB604251/JN006393/IN006275
20 B RS PP o A M. nigra AB604291/JN006374/JN006331
21 BN PP r I P XN M. macroura var. mawa AB604229/JN006414,/JN006276
22 MPNEEE P rrE P M. cathayana AB604230/JN006394/JN006306
23 PR R w1 M. macroura AB604232/JN006376/JN006330
24 W5z 35 PP L M. mongolica AB604264/JN006345/JN006341
25 RIS % wh L M. wittorum AB604226/IN006404,/JN006322
26 A AN LRIESIEYSS B. papyrifera AB604292/JN006419,/JN006343

2 #RESWH

45 8 £ ITS. TroL-F,rpsl6 F 3K E UK

G +CEEN
i GenBank L & 3R 1Y & 5% ( AM042003)
18S rRNA FE[A 3" %5 . 26S rRNA FE A 5" %5 5. 8S
rDNA FE (5 i 3, 1 5% (AF501608 ) tRNA-Leu &
A 3735t  tRNA-Phe 57 3 i %%, 1 5& ( EF687683)
rps16 H& AN & 1 19 L UiE 37 i AT U S v
53 5 8 A IR R A R TR 1) ITS \ TrnL-F  rps16

2.1

75036 L, FH Bioedit 1 14 B 2% 4 3 Al 5 471 i 5
DNAstar M 4 R A K E LUK G + C % &

SPRTEE AR 2, ITS KB (46 5. 8S) R+ K
TSN 590 bp, MHH R N 577 bp 4, H
34k 576 bp, TrnL-F & f& X (4% Tral P &
T) BR&IFE A 920 bp b, HABI R 923 bp, rpsl6
N T B AL 5200 947 bp 4b, HoAl 228 929
bp. ITS.TrnL-F il rps16 J¥ 51 G + C & & 535N
59.38% ~60.17% 34.02% ~34.24% 32.51% ~
33.62%



534 X AR

PR ITS  TrnL-F Fl rps16 JF5 5 34 5 R AT 1077

K2 HER|ITS.TroL-F 7 rpsl6 EIKEMUR G +C
RE
Table 2 ITS,TrnL-F,and rpsl6 sequence length and G +

C content of characteristic mulberry resources

G+CHE(%)

G + C content

T KRB (bp)
R Length

Characteristic

ITS TmL-F  1psl6 ITS TrmL-F  rpsl6

mulberry

Jez 576 923 929  59.55 34.13 32.62
WiHE=FR1% 576 923 929 59.55 34.13 32.62
BOMKRE 576 923 929 59.72 34.02 32.51
EESES 576 920 929  59.38 34.24 32.62
KR 590 923 929 60.17 34.02 32.62

Mz 1% 576 923 929  59.55 34.02 32.62
IS E 577 923 947 59.45 34.13  33.26
[l EE=E S 576 923 929 59.90 34.02 32.62
JUAK 10 576 923 929 59.55 34.02 32.62
Y&IES 577 923 929 59.45 34.13  32.62
UNEES 576 923 929  59.55 34.13 32.62

WIL5ER4 5 576 923 929 59.55 34.13  32.62

2.2 HERKMMAFELX R mrbayes 7% E

A PAUP Version 4. 0b10 Fll Modeltest V3. 06 %k
P 5E TS, TenL-F 1 rps16 FF %1 1] RE 19 43 32 HE %
(hLRTs ) & & K J5 # % H ( P-value ) 43 Ji|
0.267144 0. 658998 FI 0. 658998 ; Il i i {45 74 4
5% (GTR +G) ((GTR) FI(GTR + G) , F W] LA ik
et i, =R Bea IR Rk g AL AL oy
GTR, 3 TiZ M R F mrbayes S {444 B 1k 4 %
K AT RGO FR T

o3 SRR A 2R RE DT B I, B 191 25,
— 2P 45 50 ( CI, consistency index ) 0. 9895 , {4 ¥
P48 %0 ( RI, retention index) 0. 9429 | JH %% J5 1) —
FHMEHE 0 ( RC, rescaled consistency ) 0. 9330, 43
S St A RE—H B 23 ) B4 O Hh Y 2
BT A S HHy SRR R (bootstrap ) 100% . FHAKIK
MR RN KRR HRER T RKR
10 ML MR R 1S W54 5
F MM AR, AR SR /N A5 IR
B WUZ . MRS E 2, B8 R R O R 2K
B Je i SlFF NVE SR IR R RE R
WHRGKR RGAE (K1),

— [10J%i% (B#k3E) Long xu sang |
—— |46 CHEFJH) Jian chi|
— [LAvEss (HEZH) Xiao guan sang|
[FIH A (BUEMHIE) hetian bai sang]
(g5 (B3 ) Long sang]
[12i1dE 55545 (WEVPBT/K £k ) Hubei mengsang No.4]
13RI A ZMalba
24ib5E 5535 M.mongolica
i %15 (FTHfi5 R ) Sri LankaNol]
[efEZiEa 3 (CR3:) Yaan baisang]
15P4 )11 Y& =5 M.mongolica var.diabolica
18R 4111 5E M. bombycis
[97 " Z:Kk10 (}5) Guangdongsangdashi|
19 B0 55 M australis
1.00 16) &Iz M. atropurprea
1424 K ZE M. mizuho
BEKMIKHE (J3%) Qinzhou changguosang |
17542 )1| 5 M.notabilis
[8#iffEs% (K55 ) Shennongjia huasang|
0.78 21 = FBM WZ& M. macroura var.mawa
099 2241|425 M. cathayana
23V JI[ K5 M macroura
25 FIHERESE M wittorum
[sFEKEES (JE5) Xianfeng changsuisang |
20 5R S M nigra
26 ERAM B.papyrifera

1 0.99

1.00

1.00

0.01

B 1 ZF ITS.TrnL-F 0 rpsl6 FHl4&
B EIRFE LK F mrbayes 5 X B
Fig.1 The mrbayes cladegram for
characteristic mulberry genetic relationship

based on ITS, TrnL-F,and rpsl6 sequence

2.3 ETF ITS.TrnL-F 70 rpsl6 FF 545 & R 6 &
EEEE ERERMAASH

FH DNAstar 3453 87 & 9 7 51 1) 35t 4% B B,
o 1 R AN I 55 5 JE At A R Y 35t A%
PR 7.1 ~7.4, WimBR OIF R FEKE
FOHONK R R MRESR S HA S B MR B G
PEES 43 5] H1.0~1.3.0.2~0.3.0.1~0.4.0.1 ~
0.2,0~0.3, Mg HrE~RK 15 MLARK M
HHZE T RK 10 RIS L5 5 4 5 5 H A%
JE MR AL IR S 22 S AN K, Hoh 5 R 4 d st
FEES RO,

FH DnaSP v. 5.10. 00 #AF53 4715 B A8 v s 3t
14 4 b S VB 0. 5564%  Hoh e die 8 4>, il
6 >, A8 T 3R A AR S S B R R i R
Z HRZERLE TS JFH X (% 3) .
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Table 3 Parsimony informative sites
H5 MR 2 FR ITS TrL-F Rpsl6
Code Material name 9 34 45 154 168 311 347 459 560 672 877 1309 1431 1736
1 EYIES C T G A T A A C G G A G C T
2 A AR C T G A T A A C G G A G C T
3 EMYIF C T G A T A A C G G A G C T
4 (IR C T G A T A A C G G A G C T
5 RIS = cC T G A T A A C G G A G C T
6 ERS e C T A A T G A G G G A G C T
7 FINK SR C T A A T G A G G G A G C T
8 MRS C T A A T A A C G G A G C T
9 XIS C T A A A A A C T G C G C T
10 EsT C T A A A A A C T G C G C T
11 UNEES C T A A A A A C T G C G C T
12 FIH A £ C T A A T A A C T G C G C T
13 e C T A A T A A C T G C G C T
14 W54 5 C T A A T A A C T G C G C T
15 BRI C T A A T A A C T G C G C T
16 WHE2R15 C T A A T A A C T G C G C T
17 WLZ%3 5 C T A A T A A C T G C G C T
18 PhABURG 52 C T A A T A A C T G A G C T
19 K10 C T A A T A A C T G A G C T
20 Uy ZHITES C T A A T A A C T G A G C T
21 U] L5 C T A A T A A C T G A G C T
22 VilS-d=E C T A A T A A C T G A G C T
23 EI & C T A A T A A C T G A G C T
24 I E C T A A T A A C T G A G C T
25 PeE R G C A G T A T C G A A A T G
26 BN G C G G C C T C G A A A T G
3 it SEOHRE T T4 % M. atropurprea fE3& M. cathayana
Wk FifEZE M. mizuho [[A3& M. alba FKFEZE M. wittorum 5%
3.1 ITS.TrnL-F #0 rpsl6 F3KE.G+C &= & M. mongolica &2 3& M. rotundiloba .3& M. mongol-
5EM#ARebE ica var. diabolica 3% M. australis . &-3& M. multicaulis

ABIFFE 12 M0, TTS [AIFE X (£235 5. 89) 4>
KK 576 ~590 bp,G +C FiE N 59.38% ~60.17% ;
TenL-F [A] B§ X (4% Tl N & 7) 2K 920 ~
923 bp,G +C &4 34. 2% ~34. 24% ;1psl6 N T
4K R 929 ~947 bp,G + C it A32.51% ~33.62%
KTREX 3 B iR, e RE S Ry
1B T 5¢5M. mongolica 1TS K4 558 bp,G + C F#F
¥161.11% , & TESP 2002 4FRIETH 71 -1 %
TrnL-F JEHA] B IX A 414 ~ 417 bp (%A 1445 Tl N
T .G +C Fh 35.88% ;2004 AFHRGE TR S A
HE HEEL NS QR R 40 5 S FEYL 10
SEHER ATER T BHRLS 5145 iR
SR ITS K491 8 558 bp 550 bp 550 bp 561 bp .,
549 bp 550 bp 549 bp 561 bp 551 bp.552 bp 554 bp,
550 bp.551 bp, G + C & &t 53 5] 458. 79% . 59. 08% .
59.49% .59.55% .59.40% .53.70% .59.77% .59.38% .
59.57% \59. 46% .59. 22% .59.73% .59.57% **' , 1Ff

SERPEL TnL-F FEP H]FE X P51 B 534 ~561 bp (1%
AAHE Tl & T),G +C & N33.89% , psl6 3
DI XA KB 887 ~922 bp,G + CHRH 32.6% , [
{55 HGE T R E Y 1TS KR 576 ~590 bp,
G+C 5N 59.55% ~62.25% ; TeL-F K& [H 8] [ [X.
(f34E Tl W& +) JFHHLE 920 ~924 bp,G +C & it
4 34.13% ,1ps16 Fe K P X P51 BE A 923 ~ 929 bp,
G +CHERN32.12% , SAMFEIIFAE—EZER, X 0]
RE MRS TR B

3.2 HEREGER . EEAEASN
AWEFE R BRI HF A AR PN IIR S
AN F A AR —E BRI RS, e F ML

K15 MEZAR ME AR ) ARKK 10 Je5
055 4 5 5 HAA R Z s AL BE g AR AT, Horp
KEB i E IR B 0, e A %Eﬂﬁﬂl%\zﬁé%
W3 5E DU AR AR SR DO R SR AL B B

0, Ve ITS \TrnL-F F1 rps16 P51 AR S A7 i KD r“
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GIE B AR R AL A A A 14 A4, 5 BB A B
0.5564% , HA5 B 074 EE R RSN ERE N g 2R
. 14 D7 E P ITS X 9 4, TenL-F X 4 4 1,
rps16 DI 1 A, HIHIAH TL-F rps16 Jr Be oy A
RBWRGE X RZFE B R KD, X 5B
SECIR HAAE N R ASIE—3, TERIB Sy
T2 b, al S IS | B R By 40 26
RESR P FH A 7 VA 4045
3.3 ITS.TrnL-F #1 rpsl6 FIESMRBEFE S X
E ) O

ITS  TrnL-F 1 1ps16 J3 5134 A 3k Al [a] i Xl P4 55
TR X, SZ PR R ST )N, AL ER R, Z 1]
THFHYE Fh BRI RS R T, (BRI
YR FEFZ AR, ILE T ARR il YR E—
L B55E MYRFHE Fetk IR 5 H S LR
T N T IR €3 =1 9% ol BB L (S L & R A e T
CIFIL, B 3 R BAE i SR8 R4 ORI iR
AARRZA, X—2518, 17F E—Tr st L e (58
PLSBIFREL T TiHe , BRRAISE .,

&% Lk
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