W2 EPE 2015, 23 (6): 759-766 doi: 10.17520/biods.2015109
Biodiversity Science http: //lwww.biodiversity-science.net

* BT .

IX]

SRR FRESR T
TEEBINERMIBSE

THRA T A #B¥FH
(RPUR Rl 2, 30 430070)

FEE: 55 Y LUK A A% 1) S 52 A8 Ak i 5 38 7 i A SIS b DX 20 P e B L B0 A R R AR S5 M P A T B K IR
Wil ASHIF S0 R e SR AR bl S HL AR b X JE 7 Wil (Typha laxmannii) 115N FlEE 148N (1 H- 4 R rpl32-trnL
V¥ 8% DX A% 25 DN (R 5 B RS, PS)HEAT I, LR 24N I 2 A5 B RBAMAZ R DR S5 B o BT [ S5 B
L, mEMER A A R, zBLiﬁEﬁFﬁ%‘:B"Jﬂf%ﬁkm%%ﬁfi%ﬂ#‘%%lmﬁ:%ﬁfiﬁ%ﬂnzmﬁﬁ”ﬁ%‘:ﬁ‘m
FERN2F% o v PR I8 4% 43 A 7K P B S v T ARt DX PR, R o s SRR IR 8 A% 01 R A TE T 2R S P L5 e
R ) o BTSSR, VKIS M2 A0 T 013 42 v J 5 TR Pl w7 A 19 BE R 3 AU I AR T JE R A T 7 75 K
SRR AL R AR H X H R AR 2 AN B R R A R

K& $#17): Typha laxmannii, H-ZE4ARrpl32-trnL & F A% X, HEWE G K G RBEEE R, 1% &R 1

Phylogeography of Typha laxmannii in the northeast Qinghai-Tibet Pla-
teau and adjacent areas

Zhenjie Ding, Dan Yu, Xinwei Xu"
College of Life Sciences, Wuhan University, Wuhan 430070

Abstract: Quaternary climatic oscillation had a significant role in the patterns of geographic distribution and
genetic structure of plants occurring in Qinghai-Tibet Plateau (QTP) and adjacent areas. In this study, we
examined the phylogeographical structure of Typha laxmannii in the northeast QTP and adjacent areas based
on 15 populations and 148 individuals using sequences of chloroplast rpl32-trnL and nuclear phytochelatin
synthase gene. Two chloroplast haplotypes and eight nuclear haplotypes were found. All haplotypes were
shared and no private haplotype was fixed in plateau populations. The genetic diversity of the populations in
adjacent areas based on chloroplast DNA and nuclear DNA was four and two times greater than that of pla-
teau populations, respectively. Genetic differentiation among plateau populations, which mainly existed be-
tween the eastern and western populations, was higher than that among adjacent areas. Our results indicate
that the present patterns of genetic diversity and genetic structure of T. laxmannii in the northeast QTP and its
adjacent areas were caused by postglacial recolonization from at least two refugia to plateau platform and a
resulting founder effect.
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T AT T v R R A B A 5 2 DY AL VKR
i 2 32 A8 AR R 52 ], R 75 R v Ji A ) 220 3 X s 9
HOTHF A X I (Qiu et al., 2011). H AT H BT FTHIAH
Y5 AR (Zhang et al., 2005; Meng et al., 2007; Li
etal., 2013; Sun et al., 2014). ¥ A(Sun et al., 2010;
Jia et al., 2011; Zhang et al., 2011). [tk B AR
(Yang et al., 2008; Zhao et al., 2013; Wang et al.,
2014; Liu et al., 2015)LL 2K A= FEY)(Chen et al,
2013, 2014)4% . XL e s 1 BLAF T s BAE )
20 7P EE R L ()IAE R S R
TRE R UK At 5 2R E5 R D8 g A AT A b [X ) s
HME P [B1E s R, /TR BT ok T R K
Ay (FEVKI, A LAY v A 5 e IR 5,
T A6 8% 6 1 J5L A 350 PR SR X P A0, DK I DI L
XTI AN BU(Qiu et al., 2011; Liu et al., 2012).
SR, AE B3R G T 55 58 m JE A BT Fi b, R
Z R A M T 20 M 5T DNATRY B4, 1 48 i 5t
DNA 5 1% DNA &5 & it 58 4 [ Hb458 7= P F i) 2k 4k
PifE(Liu et al., 2012). M4k, FIRBFFLR)E S
(T R, v iR 7 P 00 S AR b X, 7 SR AR B
A3 X B FE AR D o AT 5 Ay B I X 7
e R AR AL ES W SRR R S A T R B
JC 757 (Typha laxmannii) & 7 i &L 7 7 s A
Y, NZFEEBAEBOKERAR, FESA0T R I8
B BRI S i AL B & b XN ] )
YL LAJEHEIX (Sun & Simpson, 2010). 7 J& fE4) o
B EHERE T8, AR S MK R . B
BT O% T v J a8t A% 2 A 1 I i 9 2 2 4 v T B
A (T, latifolia) FIAR -7 7 (T. angustifolia)ix2/4~™
i Fh, R 7 bR id B4 55 AL 5§ (Lee & Fair-
brothers, 1973; Mashburn et al., 1978; Sharitz et al.,
1980). WA H R K H H 7 41 (Keane et al., 1999).
P8 B BCK R £ 25 (Lamote et al., 2005; Na et al.,
2010). f# 1 2 (Tsyusko et al., 2005). DNAJ¥%1(Zhang
etal., 2008)%5 . R XLLH 5O R 04> Fhnic s HURE
HOE M o AN, 45 0 — B8 10 R A Ay
35 A% 2 R v T T O, 2 D R R A
B M e AE LR AR R s T
(Krattinger, 1975). i JCA&LA i IRAE 7 R -5 k-7
AR, BRI AR A% 22 AR VR AR A
9 TR FE T R e iR 2R AL AR A 1 2 A T sk
75 55 e SR A 1 X AR AH 2R ABL, AR HIE 52 DA e

JEZR AL S AR b X 1) To ks B T A A R, B T
SR AR rpl32-trn [A] B% X F0 A% 25 D5 A 4 2 JIK & R il
#: X (phytochelatin synthase, PS)IIF%1, 4047 1 3
WAL 22 FEPE S R H AT, R SRR S AR
H DX PR EAT UL, DAR 7R TR A i 723X — L X (1)
Tl Ff 2 £ 25 1 (PO B S AR AL AR

1 MRA7GE

1.1 #MRIRE

PAHE T 78 Sl 2R b S HL AR I b X SRR T
1I5AFREE, HEiEely, HiNoA, k1484
Ao FEGREME EVE WERLMEL. BT 7w b
LTHRE 158, N T R B[R — Bk B FRE,
TR A BN RFEAMR Z A EE B K T-10 me &M
PRI IN15-20 emC I Fr, TN A TR () 3 11
STIRARAE . ML, WRABEEHE RF KB WL
R(Kim & Choi, 2011), %L Z 2 #(T. orien-
talia) (L MEAE R EHE .
1.2 DNAIRHEL. PCR¥ %, Z=FEFINF

Tk JR T J8 I ) P v FE R ) 2k A 4 4 B )
(Tiangen) F 4% HE Ut B 15 20 BRIE HUDNA . FH 244
rpl32-trnL[a][% X 5] 41 (Shaw et al., 2007)iE47PCRY™
W, P NAR R ON25 pl, EFEREEDNA 10-30
ng, 51%%0.1 uM, dNTP#0.2 mM, MgCl, 2 mM,
ExTaq DNAX &iff(TaKaRa)0.6 U, # #4F2FWiR:
95°C 14z 13 min; #&)J595°C 30's, 50C 30 s, 72°C
1 min, 35/MEXF; FE72°CIEMHS min. ¥4 K NAE
Veriti 96-Well Thermal Cycler (Applied Biosystems)
PCRAX FidtAT . B 2tk Sy TAE AR
B () T8 . HLHE DURZ AR R PS I 5| AR 95 s vt
i A 43 2 3 (T, domingensis) 1 /7 41 (Zhang et
al., 2008)ik 1T ¥ it, 5147 %1 HPS-TF: 5-GGTT-
GGACATTGAGGAC; PS-TR: 5’-GCTTCATGCAA-
AGATTG. ToH# il N 5k, #PSERIIA A fe
BoRE, W2 FALFE R 2 (A7 7E 2 A RN A
B FEANE, W NPCRF= 4 B0 Fp (1 b4 el -6
EEAZ BRI R T4 . X AL N ¥ PCR
PERIHEAT TE R, 1% B pGM-T 1 R 7 & (Tiangen) ikt
B0 BRERAE, SR Pk 22 BH I v B AT 9 5
R, ANskAG 24 S5 B K7 71
13 HiESHh

W 745 5 i Sequencher 4.1.4 (Genecodes)iE4T
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Tablel  Geographic and genetic characteristics of 15 Typha laxmannii populations surveyed for chloroplast (cp) DNA and nuclear

DNA sequences

KA it 1 i 8 rpl32-tmL PS

Location Population  Latitude  Longitude n H Hd 7 (x107) n H Hd 7 (x107)

A HE X (H )

Adjacent areas (Gansu)
& Minle ML 38.32° N 101.01°E 7 2 0.476 0.570 10 5 0.822 2.402
B Wuwei ww 38.38°N  10291°E 12 2 0.485 0.581 22 6 0.844 3.703
¥ Linze Lz1 39.15°N  100.17°E 5 1 0 0 10 4 0.800 4.129
¥ Linze LZ2 39.18°N 100.13°E 7 1 0 0 14 4 0.495 1.793
6 Gaotai GT 39.29° N 99.89° E 3 2 0.667 0.798 6 3 0.800 3.000
A% Jiayuguan JG1 39.91° N 98.44°E 12 2 0.485 0.581 24 7 0.844 2911
A Jiayuguan JG2 39.86°N  98.18°E 6 2 0.333 0.399 10 4 0.822 2.249
1%# Diebu DB 34.01°N  103.40° E 6 2 0.600 0.719 10 4 0.778 2.026
¥k Lintao LT 3538°N 10384°E 6 2 0.533 0.639 12 3 0.546 2.047

/Mt Subtotal 64 2 0.448 0.536 118 8 0.840 3.930

e 5L ()

Plateau (Qinghai)
522 Wulan WL 36.94° N 9843°E 15 1 0 0 30 4 0.395 1.013
414 Delingha DLH1 37.25° N 97.03°E 10 1 0 0 18 2 0.294 0.660
1414 Delingha DLH2 37.85° N 95.35°E 16 1 0 0 34 3 0.348 0.714
HIRA Geermu GM1 36.43° N 9484°E 20 1 0 0 34 2 0.508 1.141
IR Geermu GM2 3588°N  9458°E 8 1 0 0 16 2 0.500 1.123
72 Huangzhong HZ 36.11°N 10152°E 15 2 0.419 0. 502 22 3 0.749 2.601

/Mt Subtotal 84 2 0.092 0.110 154 6 0.556 1.808

n: BRI SIECH s H DSBS A AL AN H: BRI B R, o R Z

n, Number of sequences sampled; H, Number of haplotypes; Hd, Diversity of haplotypes; =, Nucleotide diversity.

A MRS o K5 KPP FI A FIMAFFT (Katoh et
al., 2002) 1474k, FIDnaSP 5.10 (Librado &
Rozas, 2009)%i it H 544, Fr Ay B A e 51 b A%
F|GenBank, %15 NKR265875-KR265882 (1% 3%
PS) 1 KR265892-KR265893 (M- 43 & % [A Fr Bk
rpl32-trnL). iz Arlequin 3.5 (Excoffier & Lischer,
2010) T 5 H A5 T 2 A (H) AT IR 22 FEE ()
P ANETWORK 4.6 ffjmedian-joining 5
% (Bandelt et al., 1999)k 14 2 % A1 2 [A] i3 2 ],
I3 B AN [F) B T 2 1) ) kA5G & . A1 FH Arlequin
(1) 73§77 2 53 ;T (AMOVA) o I 18t 7% 4% 57 75 PP
AFRHE ] (1) 53 A o A B8 Tajima’s DFIFU’s Fsit 5
WAEArlequing 58 . [FIES 4 FH Arlequin = #5555
i (mismatch distribution) A& 36 F ¢ (0 975K 5 sk,
BB 277 Fl(sum of squared deviation, SSD)Al
HHRE B 48 2 (Harpending’s raggedness index, r)f%:
B RO A e 1 R A R R AR YT 5K A (sudden ex-

pansion model) &% 7% [A] 4 5K #5 A (spatial expansion
model) T 1 1 B 4 i 2 (6 1 Bl &
(goodness-of-fit) . L4, HPERMUT# {4} (Pons &
Petit, 1996) Lt #5 5t 1£ 731k R BN A1 G AR 16 42 75
AFAE 2 TS R PR LG .

2 #R
2.1 BEZHEM

HEF) J5 B 4344 rpl32-trnL 7] & [X K i 9835
bp, RALIMRIERAN L, 2 BAERIXAY
B 1AL UL, BN AR ) B B 2 A 7 (H) O 2]
0.667, #%H R % FEME(n)M0%0.798 x 107°, Hrbi
JEFEERR THZR B2 b, HARS MBI R Z
FEPEER MO, 141 b X Ff 3 o AN AT 24 R (LZ L
LZ2)f i fis A 2 RE M N0, g SR R R S A T SR Hd
Flzsy75450.002810.110 x 107%, WM T-407 H [X Fif
TEHR I H (0.448)Flz (0.536 x 107°) (1),
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Fig. 1 The distribution of cpDNA haplotypes (A) and nDNA
haplotypes (B) for Typha laxmannii populations. The popula-
tion codes are the same as those in Table 1.

HeF1 J5 IPSEE KK FE 4896 bp, A 10N A7
A, AR IR IE T A AL AL RN B AL , SE
AN HAEAIRL-RE ., FLANFHEE () 5 L 2 A M (Hd)
M0.294%10.844, ¥H % FEVE(x) M0.660 x 107°F]
4129 x 107, R AR RER AR TS A HA A2 3
0.5564111.808 x 107>, LIk T~ 4% 3 b [X o Foe #& 4 (1
Hd (0.840) 1z (3.930 x 107°) (#1).

22 BERSHSMBHEEEN

SRR B ARE LY T2 A0 AR TR T AR Hb X
LZIFALZ2FPHE AN P BT FloBE b o B X oA 140
X (AT R, (BLE s R A A T R
HRTHZ AR (BI1) . AR A R R ALY 5 4b
FBEAE, NIRMG A (E2A).

A
(v /4
@ \Y/ 9 /t/l o OUlgroup

Outgroup

28 mutations

E2 ZEEHHFAEERERA)FIZEELEE(B)M
MEE, BEMKSERL

Fig. 2 The network of cpDNA haplotypes (A) and nDNA
haplotypes (B) of Typha laxmannii. The haplotype codes are
the same as those in Fig. 1.

2L AR S R E 27, REIRLA
Tr0 HSAMEREAIE, NG A58 (E2B). H
ERRLVFIR3 I M A, 7 A e S AR A 1P
BT A AR H X R b R B T SRR S5 AR X
PR L R G RLL5RA. R6. R7. RS, Hrf
RAFIR7TLEHZFh#E . REFEWL A . R8AEWHFIDLH2
PR L. EMEE A R A, AR X
FEA R ICHR2FIRS, 54b, FrA MBS AR
A, RIRTA (0 5 AL A /D AR 2 BB v L B
(K1)

YISy A SR AR U Hh X AN B2, 7R
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Table 2 Analysis of molecular variance (AMOVA) of PS and rpl32-trnL sequences from Typha laxmannii populations
X 3% A SR8 H Ji % A 5 Y At
Regions Source of variation Degrees of  Sum of Variance Percentage of
freedom sguares components variation
H44{ADNA cpDNA
e B TH Fhif#E(E] Among populations 5 0.876  0.010 0.210
Plateau platform Fif#E N Within population 78 2933 0038 0.790
AR X Fh#EE Among populations 8 3014  0.025 0.111
Adjacent areas N Within population 55 11.095 0.202 0.889
e JE B T R AR T X Hu[X [A] Among groups 1 14155  0.190 0.602
Plateau platform and adjacent areas HIX P [ Rl 2 ) 13 3.890 0.020 0.064
Among populations within group
FhFEAN Within population 133 14.029 0.105 0.334
1%DNA nDNA
e B A T Fh#ER] Among populations 6 47.282  0.348 0.402
Plateau platform FhEEPY Within population 147 76231 0519 0.598
BT IX Fh#E(E] Among populations 8 43106  0.304 0.169
Adjacent areas FhEEPY Within population 109 162911  1.495 0.831
o J 6 T B LA AT b X Hi[X [8] Among groups 1 24261 0122 0.087
Plateau platform and adjacent areas Hb X P [ Fl B ] 13 89.515 0.338 0.243
Among populations within group
FHEEPY Within population 257 240.015  0.934 0.670
ML N 73 3 BEAT 73 777 2270 BT (AMOVA), 45 2R .
N N \ N \ 7000 4
VEILZR2., K v SR AL RN AT 3 H X R 2H 20 T b, Model
i R SR R R I, o BRI AL 5 1 B o
) v Aoty N > 5000 ~
SKETMEEN, RUMBEZ B G ED. ik 5 ;
N L, . N S 4 b
BEAT 73 b, DU SRR DR 3 S B4R AR ok H T 1 g N
N AY N » ) I-I- 1
IX16], H2E0H R B A 53 R R S TR M
I PERMUT U5 H i 2R AR B K] RN A1 G g1 1000 b
¥47450.457, #FE INst M Gsr 73l 90.120410.171, )
N5 % KT Ger, FUIFH B 21K —HO X BT P . .
W P AR PR A5 A, RO SR OC SR Y B A A
A 5 2 M A R — AP RErp o SR R B B B 12000 Model
A BRALSE (1 5 191 2 60 Fh B 9 3% (demogaphic = S
expansion) NFF(EI3A), HIA R % 57 5.3 (SSD = g s000- ]
0.011, P = 0.023; r = 0.207, P = 0.003), iX—45 113 %’r e
B 7 PR S04 R K S HF Tajima’s D = 1.524 (P = L
0.864). Fu’s Fs=2.196 (P = 0.822). M4kt ®
. 20001
B A (BIBA) 5 B 25 & LR %2 57 (SSD =

0.011, P = 0.000; r = 0.207, P = 0.009) . A~ 37 $5 %% [i]
¥ sk (spatial expansion). MAZIEE K45 RKF,
BRI AT 2 AR #(SSD = 0.048, P = 0.187; r
= 0.158, P = 0.084), {HI ri 5317 AN A& FL 0 il 22 (&
3B), FiERIG L R Tajima’s D = 0.721 (P = 0.788),

© 1 2 3 4 5 6 7 8 9 10

E3 FTEFHEAMEHREEEA)MZEE(B)FFIN
P20 K

Fig. 3 Mismatch distribution for chloroplast (A) and nuclear
(B) sequence data of all individuals of Typha laxmannii
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Fu's Fs = 2.431 (P = 0.861) R BAAFF & A EEY 5K 5
Ko FAb, SEPRMEAE AR -5 W 1 23 ()9 kA =X
ANEAW) A (K3B), (HANE LAt % 57 (SSD
=0.032, P = 0.494; r = 0.158, P = 0.498) 7 #r == [a] 9~
FRAE .
3 g

H 50 R AR 2 AR 10 R AR ) A v (32 2 2
- i RBE - A v ) A 2 AR PRI AR 2, BAR
X LB T4 7~ B I8 A% 2 AR KSE AR, (H 5 AR TR 2
FARC I HAD FE AR YA L, #3K  F 8L £
FEME#K (Mashburn et al., 1978; Sharitz et al., 1980;
Keane et al., 1999; Tsyusko et al., 2005), A fER 5
2 &y R AR m BRI HEFREHAE Jm
(Krattinger, 1975). [FIAF, AW 5 H To A T 1 4%
PRI R g A 2 FE M (= 0.00052) Bz ik T[] —Hi X
58 #H (Bupleurum smithii) (z = 0.00568) (Zhao et
al., 2013), F= %[ K ] 55 J0 A A il ) ST A
AR, BT R B T AT R T LA SRR
rpl32-trnL i Bt H RG24 A5 8 . 25 R B 2 [ 5
Rl F B, i B 25 W0 3 448 7 G B SR gt A% 2 A 1K
o B HIH FH DNAF ZIHT 77 8% 2 A1 14 iE
A, 2RI 3% 2k DR (B #54% PS5 IR i 7 5%
] 2 BT M i 0 1 0 P A v A A T, 45 R AE
2 L 254N Fh e vh 50 fan il 3138 4% A 57 (Zhang
et al., 2008), W Jota il L Z v Re 2
TR A AR A . BTN R AR
R AR Z AR, I R AR R HL X6 2 Fh
BT LRI AT

Toe A2 SRR BRI S A R R, TR il AR
X FRAE A B R 2 A A I T s A, oA
TR P S R D] PR Y 22 M (HA) AR R 22 1
(m) 2 J5 5 ALG, FE 0% R (H) A () 22 Ji5 3 1)
2% . HEW & S & T B R EE AT RE A2 UK S A ARIT
X 7] b B R, BEEEE BN K T g A 2R
PR F3ok, SR AT A B A AR QLT b [X
PR A oA, B R AR A R A AR A,
2 B MRS i X ) v SR 65 T A A O B

ARSI Hib X [ v S 6 D AR [B] O ] DA et e
Pk Ul 2 ()9 gk AR S I, P R A I R R
K235 (R (1) 050 st o3 AT R PR A B #0451 RS K
B, S A I DR (19 080 R 23 A AN SRR S [l 5K AR X

T AZ R DR R 50 5 23 A SR B kAR 2. bl T A
FALELFE 724 SRR BAETY, AFR RVD, WIREANRE
FLSE S O R A Tk T 5, DR AR B R R 45 SR
A, RIJCAS Ay feid it 2 (A 9 sk AT xS B 28
I X A] 5 R S T R T . B A T e AR G A
AR X R (AR ) 1 A s BRI 5 ) SR 408 0% [
Hi(Juniperus przewalskii) (Zhang et al., 2005). =
1~ (Picea crassifolia) (Meng et al., 2007) #1245 i
(Zhao et al., 2013) . X EEFEYIEIX — 3 [X s 1 2 #F
PRI 2R B0 A1 48 JR 5 C R A T R, R ITIX L
FELA) B2 DK PR 5 M) 1717 2 I L A (] PR a4 7 o

e Jo AN [ K A 22 TB) ) 1 B 5 FELRS T 7K AR
TR e 2 D) P 5 DR 2 9 i 7 A B S 1R e A 43K,
/KB (Ranunculus bungei) (Chen et al., 2014) 142
-3 (Hippuris vulgaris) (Chen et al., 2013) K4 5t
WESE T X —fl. (2 LAl FAMOVA > Hr 1 &
W H AL AR R T AN, A TA) 18 A% 7 AL L
No X RER BN EATRI R 7 8K, B4 Sk AT
DL 7= A& 3 100,000 K% A ¥ (McNaughton, 1966;
Tsyusko et al., 2005), fn_EFr¥/hiiA EH HEE
RE2, PP N1.15 mm, BE40RIF T 11
V15 E B 41.53 mg (Ekstam & Forseby, 1999), #h-t
EN AR o/ v A oY e Sl o1 O B P b O <
5 B A — A R A MRE IITRR A T 3 S S
TIX R

W T 27 i 0 O v SRR AR 3 Bl X 4yl AT
AMOVAZ T, RILTC IR A2 SR AR LR IE e A% L ],
e JER b B 22 R] R 38 A% 43 Ak 7K T (43 ) 2 0.210 AN
0.402) B & i T4 3 b X Ff (43731 470,111 410.169)
(322), W] HEAE AR HLTE T Hb 2 B B8 A% FE AN [F] 3 F
(1) ot — 2550 7 ) 300 v B b R84 2 A 32 AR
TETZREBHIHZ A 5 75 &0 5 Fh i 2 (8], X 2 ]
REATH B L AN [ HZ R R B TS R R
T PH S A B TR DRI ik B B0 T RAFIRT, 17 18 748
FiE B A HZA R A R S R 15 TURE MRS (1]
1), X3 W] JG AL A vA £E UK 3 AT BE A7 LE 2 A BEXE T
ERNEAFENGEE PR €Y S Y INE 2 bo!1i3i 9T 1 bu e o
X —Hh X (48 % [ 41 (Zhang et al., 2005). i =42
(Meng et al., 2007)F1 22 54i¥H(Zhao et al., 2013)ii %
IR TR A AEAE 2 A VK HREAE P, (A X ik
ME JIT 3 5 FH B2 B HORE AR 22 SR I B 5 OR
INEAIESE .
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