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Study on the Genetic Diversity and Genetic Structure of Cardiocrinum
giganteum Based on rpl16 Sequences Analysis

ZHANG Xiao-yun'?, YANG Miao-qin""*, XU Ying', ZHANG Yong-hong', LI Hong-fei'
('Life Science Department , Yunnan Normal University , Kunming 6505005 > Xingyi Third Middle School , Guizhou province , Xingyi 562400;
*Institute of Botany , the Chinese Academy of Sciences , Beijing 100093 ; *Forest tree seedling station in Beibei district, Chongging 400717 )

Abstract: Cardiocrinum giganteum belongs to the genus Cardiocrinum ( Endl. ) Lindl. ( Liliaceae ) , which is an
important wild plant resource. In this study, the genetic diversity and genetic structure of 10 C.giganteum populations
were analyzed by using the 7p/16 sequence of the chloroplast DNA in order to provide theoretical basis for its resource
protection and utilization. By alignment of 699 bp sequence, 14 mutation sites and 12 haplotypes were identified, with
the haplotype polymorphism ( /) and the total genetic diversity ( H;) of 0.604 and 0.660, respectively.The genetic
variation among the population ( 71.53% ) was higher than the intra-population genetic variation ( 28.47% ), indicating
the population variation largely contributed by different populations.The genetic differentiation among the population
was high ( G,=0.677, N,=0.614, F,,=0.71531 ) and the gene flow was low ( N,,=0.0995 ) Mismatch analysis revealed
that the population had experienced rapid expansion during the evolution process, which was supported by the neutrality
tests ( Tajima’s D=-1.74368 ( P>0.05 ) ; Fu and Li's D=-2.69366 ( P<0.05 ) ; Fu and Li's F=-2.79896 ( P<0.05 ) ) .The
study revealed the abundant genetic diversity and differentiation of C.giganteum particularly among populations, which
was mainly related to the characteristics of life history. Thus, this work suggested an in-sifu conservation strategy being
employed in C.giganteum.
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KE4E ( Cardiocrinum giganteum ( Wall. ) Makino ),
RIHXFEA , WA GRKE G RN 244 A
W, At E R LK VY R A8 FUR =
TR R AR 2, KT SRR L 3 , FE T
FHE S, 2 2 0 el MOUL B AT 5 Rl sl PR HE A2 2508
e ELRE R, W R S A R AR L R A
B S TER M Z RN E IR, B S AT YR T SR
T, B TR) R B 005 250 TR K & B HAE R 86 4 5%
BRI R AR R
BT BV T S R BT % Ahs a]
LU N T4 R BEVIAE TP A P 7 AR

HAl, CFRE A WBEIE L PRI LY
A B R BT L % RAPD fRic M 4y
], A WL F SR DNA 7 91 )38t 1% 22 R F =
HEAL Lo . BN E R IMATRZ KA G 4sh
YIS ; fiE ARG Sa Y R AR & B RS
FIH R AR U5 S R B 3 T iR 2, Rl
G Z R, BIAD AN Z T B — S B A [R) A
IR B AE AR S R, G R BRI AE AR S,
VI Z2 PR R Ry, XTI AR A0 ) 3 0 P A,
SRR Gy 47 JE L 43 A 0 BRI 4 8 8 A A 25 ) st
TR A M R I ERI A 0 5 e

®1 KBEEEREHEFRER

Table 1 Detailed information of the C.giganteum populations

SRR A JoE T B R R FE PN 14038 % 28 S A ) R s i) L
(R 3 AT Jr) BCRFAE , S st AR ) — B LR,
WP VHE S N R st B K AR AL i
SR, SR A RS R0,

-2k DNA HAG s Dl FEgl /b B R il
WY LA KT 80 53 BT AR O {6 L iy X5 3 2 i X
PEA R A 22 R A, T FH R IR
SE R AE ZREME TSRS L 4Rk DNA 44
TIX rpll6 YA Bt f#E AR 7 e R L
TRIBEF RS AR AR A B AN U A
I BERT I, FEF 2K DNA rpl16 75, /0 KA &
FPE IS AL Z R MK RIS AL 2540, iz b 1) B U5
P B R s R L B IR
1 #MREFZE
R AR
AR IRER 10 MR A G AERF(ELD)
(R WA ko R 4 S JE /N, A T FE B AL 36 B 4~20
PRAE IR B A7 PO PR , B Ak 22 18] 4 7K T BE 5l e
B EA/NT 30 mo BOLAEERRZ Mo F, R T
PRALBE BT 20 CUKFEIRAE . EURAE T o/
IR 2EFR AT ( YNUB )o

1.1

JERE G SRAEHL i (N) 2% (E) RIEA AL
Population code Location Longitude Latitude Sample size
YN_XP PRy s Sl 24° 56" 46.80" 100° 54’ 20.64" 15
YN _SF LA K E A 28° 25" 9.40" 104° 7' 21.70" 18
GZ_JZP M Ep AN N RS 27° 56" 46.80" 108° 38’ 30.60" 12
CQ_JFS ERTTR X 4 29°2' 21.26" 107° 12’ 30.65" 4
HN_BDGS R A L3 L 20° 44" 453" 109° 47' 28.10" 20
SX NTDZ SRy RN ) 3202 53.62" 109° 26" 22.46" 14
SC_AB PO A SO B =T ARSI 30° 56" 7.92" 103° 18’ 6.60" 17
SC_MX U148 e B T L RinE v 31° 46’ 2.52" 103° 59’ 13.52" 20
HB_HF WAL B AR FAR ORI X 30° 3" 49.52" 110° 12" 30.13" 19
HB WFTJZ il N e Y S RE R =Y R N E P2 U Tl RS 30° 4’ 53.25" 110° 37" 13.84" 19
1.2 RETTE 1 uL (¥ B R 10x 10 mol/L ) ; 2 x Mix IR £ #)

R ok B CTAB 2 3 U A K T A RE
R 4 5 DNA, 28 1 % B B5 B 68 1 vk ke U J5
B 20 CUKFRAF % o Fn&k {4k DNA rpll6 7
I EFT R & 3 40 DNA P88, R4 5190
1B AT JE 4L DNA e B R 38 7= ) 1 B 0k A5
BALTR A BE PCR 258, LA fie HE SO 1R 2R
FFo PEALE ) PCR 2N A 28 20 pl, A G5 AR
1 uL DNA (¢ 2 10~20 ng/uL ) ; 1F 52 ] 51 41 4%

12.5 uL; FIAEFH JCH WL KA, PCR R
9 : 94 CCTRAEYE 5 min; 94 C7EPE 50 5,58 “CiB &
30's,72 CHEAH 1 min, 2 35 MFER; &5 72 CIE
{8 10 min,
1.3 #ESW

HI BioEdit ™ 'HEATFEBI A4, ] Dnastar %4
417 A9 SeqMan ( DNAStar, Madison, WI ) #£17 %
1 () PFHE I (87 B % . ClustalX version 1.8112* 3
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SRIGE 45 HET rpl16 AT R T3 ) IEAL A S ast e 24

201

127 50t HES . i FH DNAspS.0 #4115
AL ZAENE (Hp ) BATIR Z R 5 () A Al
20k (H,) JEREA L b 250 (F, ) JE R 5k
ZH(G,) FBAEHE B B3R ML R BN, ) 1>
s IR F, (B E R N,=025 (1-F, ) /F, ™ ;
@+ Tajima’s D Fl Fu and Li’s D il 2™ =2 4545
A PEEAR AR s I S e A b R R AR 2 i
S Bl E SO T I it ARLEQUIN' 4%
115 AMOVA 8 77 547 i (8] Flw B 4 09 a5t 4% A8
SRS, R MEGA 6.0 #4F 047 5 e ] s
BB AT, I VAT AR AL AL -2 ( UPGMA ) B3
OIHT 2RI RRR SRS IR,

2 ERG5HM

FILRRBER SRS

rpl16 JF 3 7 K JE ol 683~697 bp, & HEIF
XI5 50 WK B R 699 bp, K6 I 3 14 4S8 A7
SR I2 AN BAREAL (6 2.3 ). 10 4N JEHE ALY L f
B2 M (H,) H0.604, TR EZAEMEC(T) N
0.00120, 251> J& HF (4 FRA% B Z 8P A 1 IR 24
PEULFE 3, Hod BN O & R (GZ JZP) JE R
ELAT 35 e W B R 2 250k (H,=0.727 ) R IR £
FEPE (=0.00174 ) 5 HYUOZPUJIBTHL( SC_AB ), 5

2.1

R 2 50k (Hy) N 0492, MR ZHENE(m )l
0.00084, HLf%7I H8 ) A BAE Y, 73 Al TRR = B
AT R A2 1 KT L DL R e P AR S 1) SR AR A NG BT
HIERE mEHFE (YN _XP). K& (YN_SF) A
B RS HIL, BRVE A9 JE A S5 2 HY; SR ML H
G e PRS2 A8 B, A7 5 SRS A (H2  H4
H6 . H7 . H8 ) 5 HYE DU By il = 7T f& ¥ (H3 . HS .
H8 ) Flif b5 g B (H1 H8  H11), &/ 3 N f%
R M m/KE (HID) FERAEO L (H8 ) PevbiE T
(H9 ) AT — A2 f5 A,
22 BEESHMREEEEST

10 K E A JEREFT 020k B BE rpl16 1 53
BrfE B REKE LB mst i Z ek m ( H,=0.660 ),
JE B A 35 A% 22 BE R AR G B AIK ( H=0.214 ), 2R
FH Nei 58X 12 A FAEHL S0 B At ast 45 o0tk R4
G,=0.677, N,=0.614, N,=0.0995, U N,,/G,, test=
-0.33<1.96, =5 AN 3E , VLIS TR B A B 19
PR EE R, SRR R AL A2 505 67.7 %, JR#F N AR
S SRR 1 323% . 41 U7 22457 HT (AMOVA )
iR (R 4) KEGEHWEEMERECF, N
0.7153, Rlistf% A8 S 2R IR TR fEE, 5 71.53%,
MAESERENAN N 28.47% . XWHE—E3/R T KA
B RS

&2 KEA 6 FIIK 12 M EERPHTERMR
Table 2 Polymorphic sites of the aligned sequences of rp/16 DNA fragment in the 12 haplotypes
SR
P Variable nucleotide position
Haplotype
7 62 64 74 95 130 203 211 433 534 598 605 635 667

H1 A T A G G C G G G A G G T T
H2 A T G G G C G G A A G G T T
H3 A T G G G C G G G A G G T G
H4 A T G G G C G G G A G G G T
HS A T G G G C G G G A G G G G
Hé6 A T G G G C G G G A A G T G
H7 A T G G G C G G G A A A T T
HS8 A T G G G C G G G A G G T T
H9 A T G G G G G G G A G G T T
H10 G T G G G C G G G A G G T T
H11 A T G G G C G G G G G G T T
H12 A C A A A C A A G G G G T T
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Table 3 Genetic diversity index of different C.giganteum populations based on chloroplast DNA rpl/16 sequence analysis

JERE S AR 25 AT IR ZH CRREIE G A 3 AT
Population code Hd T Haplotypes Haplotype distribution
YN_XP 0.182 0.00156 2 H11(10),H12(1)
YN_SF 0 0 1 H11(16)
GzZ_JzZP 0.727 0.00174 5 H2(3),H4(1),H6(1),H7(1),H8(6)
CQ JFS 0 0 1 H8(3)
HN_BDGS 0.100 0.00014 2 H4(1),H8(19)

SX NTDZ 0 0 1 H9(13)

SC_AB 0.492 0.00084 3 H3(4),H5(1),H8(11)
SC_MX 0.105 0.00015 2 H3(1),H8(18)
HB_HF 0.404 0.00061 3 HI(3),H8(13),HI1(1)
HB WFTJZ 0.125 0.00018 2 H8(15),H10(1)
S Total 0.604 0.00120 12

R4 AEEBAKESET rpli6 FFIH AMOVA 217

Table 4 Results of AMOVA analysis based on rp/16 sequences from populations of C.giganteum

A8 SRR H J5 2R WiE iy BRFE(% )
Source of variation df SS Variance of components Percentage of variation
JETE] Among populations 9 58.512 0.44744 71.53

JEHEP Within populations 133 23.684 0.17808 28.47

St Total 142 82.196 0.62551

i it SAMOVA # 4% K E & 8 #F 12 4> Hff
RUHEAT 23 [ s AE 454 2 B, 12 KB 2~9, 15 %]
AR For (BN, 855 BIR, 2 K=4 B}, Fo A
INBERKME, KA G BRI 4 M K E
(YN _SF).# ¥ (YN _XP), Bk P4 ¥ (SX NTDZ )
a3 R —A~ L AR SN (GZ IZP ) R (CQ_
JES).IUJI[ (SC_AB.SC MX ). (HN _BDGS ).i#
Jt (HB_HF .HB WFTIZ ) [EH#EN—A K .

085
0.8 -

0.75
0.7 -
0.65 -
0.6 -
0.55 -
0.5 -
0.45 -
0.4 | | | | | | | |

0.80642

Fo M8 Fop value

K{H K value

1 KEEEEETHEME DNA rpl16 #iEH SAMOVA
SBEEIUR Fo BN
Fig.2 F.;value of C.giganteum based on cpDNA rpl16 data

23 BELSH

FI F MEGA 4 11 55 & B 18] 19 38t 1% BF 2
4 0.0001~0.0036., JL 1, H F(YN_XP) 5 Bk
P4 $H F- (SX_NTDZ ) 18t 1% B 55 £ 1€ ( 0.0036 ), H
PK(CQ JFS) 5 i B (HN_BDGS). #] Jt (HB_
WEFTIZ), 911 H (SC MX ) 5i# (HN_BDGS )
i % FE B B/ 8 0.0001 (£ 5), UPGMA % 2%
(1l 2) R, FEBHE B 0.0004 i, 10 /& #E53
h 4 AR, P BT IR (YN
SF.YN_XP ) ; 58 T HPera i faif (SX_NTDZ ) ;
HKREM Ay 5= faRE(GZ JZP ) 5 5BV A4 45 157 b
(HB_HF .HB_WFTJZ ). i # (HN_BDGS ). U Ji|
(SC_AB.SC_MX ) HK (CQ_JFS )4 Ma 1 fERE
24 FEPEEN R KE ST

iz 1] DNAsp BAFTED R 7KF EXF KA A8
REVEA TG IE 30T , 45 2R h 4 e 28 (16 3), 4%
B PR AR R, SRR TR AL R
2 Pyt ey ik, A R R T R R I ) S
¥ : Tajima’s D=-1.74368 ( P>0.05 ) , Fu and Li's D=
-2.69366 ( P<0.05) , Fu and Li's F=-2.79896
( P<0.05 ),
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Table 5 Genetic distance among populations
JE R HB_ HN_ SX_

. CQ_JFS SC_AB SC_MX GZ JZP HB_HF YN_SF YN_XP
Populations - - - - - WFTTIZ BDGS NTDZ - -
CQ _JFS 0
SC_AB 0.0005 0
SC MX 0.0001 0.0006 0
GZ JZP 0.0010 0.0014 0.0010 0
HB_HF 0.0003 0.0009 0.0004 0.0013 0
HB_WFTJZ 0.0001 0.0006 0.0002 0.0010 0.0004 0
HN BDGS 0.0001 0.0006 0.0001 0.0010 0.0004 0.0002 0
SX NTDZ 0.0014 0.0020 0.0015 0.0024 0.0018 0.0015 0.0015 0
YN_SF 0.0014 0.0020 0.0015 0.0024 0.0016 0.0015 0.0015 0.0029 0
YN_XP 0.0022 0.0028 0.0023 0.0032 0.0023 0.0023 0.0023 0.0036 0.0008 0

CQ_IFS
} HB_WFTJZ
| SC_MX
\
W HN-BDGS
; HB_HF
} SC-AB
I
T GZ.JZpP
I |
- ‘ SX-NTDZ
\
I YN-SF
YN_XP
\
| : : 4 ‘ :
0.0010 0.0008 0.0006 0.0004 0.0002 0.0000

BHEIES Genetic distance

B2 EFKES Nei's BEEENEERE

Fig. 2

Fi# Frequency

The dendrogram of 10 populations of C.giganteum based on Nei's genetic distance

— WIR{EExp

— —o— WM{EObs

Yl /A Pairwise differences

B3 XESHMEE DNA KERERSHE

Fig3 Distribution of the number of pairwise nucleotide difference for cpDNA haplotypes in C.giganteum
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WAL Z R S HA I SRR AR A oG . AR A R
AAHYTEFIRE A0 B AR 5% 2061, ik
ARAEMYHAE RN BE N EFER%. HA X
HERA A TE PR L B AR A 2
A8 S, B S5 22 ERRN L B 28 G aey B A
W2 B AE AR S5 A3 A R T A b BAT B ) iE
FEAR SV R T AR S AR A 5 A4 T X i
S U R R S A R A A R . AR,
10 K E G BRI 2] 12 A~ A58, & T Petit
4803 0005 45 WA 4 T U0 485 SR 1y B A8 L
7 S8 737 108 NN, 47 9.5 AN BRAE R ) ;5 5t
1L 2Rk (H,=0.660 ) #2448 (0.67) ), w5 T
oA B A e AE (0.468 ) Y URASH M A ZE T
(0.1595) “ J@ B E K. KA R HIX A
() 224 BRI i A — R R 3
5e, Tz Rk FHOC E SR & e H AR K, 80t
FrPhiil >t TR A A A B
3R, DRGSR N T 2RI, KA G B A
B /N R A BN T R ACECHL S, BRI T3
PRI, SRR AL s S, AR R KT A
HAMEMICHEMFNET RGE, oA S I0H, X —
R R A B m st 2R . B4
SERLH] KT ARy ) R AR AL
ZE SN 100%, T2 EAL by B A i i e 0
WA R T K E A AR R I R B LA D
TR R, ¥ T R ARl s A% o1k, (B 3%
AL Z AR, Buso 2V A K, M G,>0.25 B
SR AF R R B R R AT, KA &%
G, M 0.677, K THAFHHY(G,=0231) 5%
SRAERAR (G,=0.233 ) Y KRBT A R BRI AT
sRELH L AL, 5 AMOVA 43 b4 R —3, Horp,
71.53% BB AL o3 A0 R U8 T Jo BE 6], 28.47 % 13 1%
ALK JEBEN . Bussell > 5 35 AR EF 4T,
RIR 29 AW G FE AR ] AR S AR St L AR S rp
S 19.3% (G,=0.193 ), 1 6 AN UT A FR i SF-1
G, 7 0.625, KHEE BRI B8 L b 2B
TR, X P AL st — e KA & R i
BB RE T RN, FRGERERNKESGRE
RERL ML REOS TR E 1A (03367) 27,
FE A (0.1031) 2 WTH A (0.1619) KT

AR LR (0.775 ),

Vigilant 252 Tk SE 0 FE eSS F) B o B IR
JEEH R G IR R A R A RE R LA B ) B
BILT, Jo8 B (] Y 2 R N, < 1.0, 45 S Fif 25 & AR B
G4k AL AR i N S BUR B L AR R B S A
. KEBYHKTE L IFFRRAL(N,=0.0995 ),
RATBEZE ) T B3 sl B RSN , P A FE Ry
A R AR S EEORE . [REE, A AT B
PERE I AR BC A AT 285 2R R A R KA A i A 7
T Dt PR 5K, SR T A .

3.2 KBERREEHEEEH

AWFFEXS 10 K E G E#FHTT T SAMOVA
534153 BT FLUPGMA RS0, B 45 A —
o AP BT 45 L R SR (GZ JZP ), H R
(CQ JES). Y JI[(SC_AB.SC MX ). #] F§ (HN_
BDGS ).i#dt. (HB_HF . HB WFTIZ ) I i B 354 %
R ; = m K e HF S S A B R R % ¢
FRIEL, JE MU ST Y ZERE 5 BEVY R 0 ST ) —
X, 5 HAR R RSO RN . LS RS A
RIS R —3 =M K E (YN_SF ) B F (YN_
XP ). BEPUEET- (SX NTDZ ) 1 FiAg B a0 | i
AR PSR HS . AHEFE X Ay B M Y 10
MRA G BB T E Z R RS 254 734, (3
JEREEC AR D, AT RRARAN T KA A AR SRR
L ZRENE X BALZER Mt T REAFAE IR 22 , )5
SR MRS TR IR AR TAE LA FEAH B8
33 KEATLERRBRRIPRE

EEAFEENRE SR AR, HZ R TIH
HAWE B 2% ma, 545 i
Z NG B WK, 78— R L3R Tz
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() R R AL A0 BRI, SR A B A el b O B 3R
W, A3 A T I A TR R SR R R b st A%
ZREME, M A FEE(GZ JZP ), DU I BT 31 ( SC
AB). W dt S I% (HB_HF ) %5 5 i ELA #5  1Y PAfs
LUEZ =2 A i A 1 O NI S e |
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