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Phylogeography of Hippophae neurocarpa (Elacagnaceae) inferred from
the chloroplast DNA #rnL-F sequence variation
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Abstract The topological effect of the Qinghai-Tibetan Plateau during the Quaternary climatic oscillation must
have important effects on spatial distribution and genetic structure of organisms distributed there. At the same
time, the ecological niches provided by the uplifts of the plateau and the following Quaternary climatic changes
may have promoted morphological differentiation and speciation of plants occurring there. The plateau endemic
Hippophae neurocarpa (Elacagnaceae) is a dominant shrub species along the streams or rivers and it also occurs
in the semiarid ecosystem. This species is recognized as two separate subspecies, i.e. ssp. neurocarpa and ssp.
stellatopilosa, mainly according to the appendages on leaves and different habitat preferences. The former is
characteristic of scale-like appendages on the leaves and distributed in the drier and colder habitats while the latter
has stellate hairs with a preference of occurring in the wetter and warmer habitats. It is interesting to know
whether the morphological sub-speciation of H. neurocarpa is correlated with the intra-specific chloroplast
phylogeny. In addition, this species also provide a good proxy to test the hypothesis that a few cold- or
dry-tolerating species survive in the high altitude region of the plateau during the Quaternary glacial stages. In this
study, we examined chloroplast #nlL-F sequence variation from both subspecies of H. neurocarpa. The
chloroplast genome was found to be maternally inherited in Hippophae and the intraspecific genealogy may
reflect the maternal lineage sorting between both subspecies. A total of eight haplotypes were recovered through
sequencing 70 individuals from 14 populations. One was shared by both subspecies, and four and three were only
found in ssp. neurocarpa and ssp. stellatopilosa respectively. These findings suggested that two subspecies did
not show genealogical concordance with morphological differentiation in this fragment. The constructed nested
cladogram classified eight haplotypes into three lineages: one consisted of endemic haplotypes of ssp. neurocarpa
and the other two included haplotypes from both subspecies with those of ssp. neurocarpa at the tip positions. In
addition, the unique haplotypes recovered in the high altitude suggested that this species might have survived in
these arid habitats. The contiguous range expansion was detected from these different refugia.

Key word contiguous range expansion, cpDNA, Hippophae neurocarpa, phylogeography, Qinghai-Tibetan
Plateau, refugia, sub-speciation, trnL-F.
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FNTHEAE: BT 284K DNA ornL-F P ARSI SR VDR 0% R B2 33

Flep, PIASEA S Rl AR R BN RS I AE A BRI MEA B IR SCIES T I 90 O =30 —3
U D TR R, FCA A SR A A R S R R B AL, H RS R A AL T A AR S o BRAT IR ST 4 SRR W I SR ke
VK RT BEAE R SO X A7 AE 22 AN RERE T, I HLAFAER B8 XE T (1488 K

KEEIR  ARIERYIK, HHERIRDNA; ISRV B AR R R BEXERT SRR onl-FIR A

LI AT 55 A3 A P o 376 T Ay 28
A BRI 3 B AT X 250 DA R B A (B
B YR =42 (Etterson & Shaw, 2001). #)F1 7341
DX PR AR A AN T 3 G 1 5% M R ) 22 4% 45 74 (Hart]
& Clark, 1997); BRI, X ANPIIEEEAL 25 K (K1
FU AT LG WA R0 RE 1) Dy 52 23 A il 72 (Abbott - et
al., 2000; Hewitt, 2000; Petit et al., 1997, 2003,
2004). LA N EEREST H A ALK 35 2R Hh B
2% (phylogeography), 40 F 73 A0 A1 E R 3 2R 11
i A oy R A 2 —(Newton et al., 1999;
Avise, 2000). 7778 5 5 42t S dae s BRI e Jie,
MR i BEPRI7E4500 mbh b, SR A ERA R 5
At fae g s AL B X Rt A XA, 1998) . VS i3
DXAEOK AR AT G BRI . bRl Bl b 36 i A KA
(DK, AEAEDRK T A 1) DX Bl B Ak o B 0 i
30 e Do L XN [ DX 23 A () S A A7) A
Wi, 3 AR R AR Bk LA KBS A . il
X A% X — SRR R BT ORI, A ATTR AR
Tt Al 4 Ry WY A7 A8 B4 B8 AR 3T Ay oK B 33 A% IR
(genetic signature)(Song et al., 2003; 47 %fi &5,
2005; KP4, 2005; Zhang et al., 2005).

Wy Ry Hippophae neurocarpa S. W. Liu &
T. N. He T 870 A1 /5 7 9 B 1) il A X,
FETHES VA DU AH R4 0o 2R
A AT A AR B ) SRV Blssp.
stellatopilosa ] Kb Wlissp. neurocarpa (K%,
2000). EATZ IR A ZDORAE T JiE MR R i
R EREEE, W] A &M R
TR FOREES, M TR PN ERT R 2
A% R HLBURE Tk 2% T ) SRV R 203 A 1 e i
P, TSR VD RS A A e SR G T . A R E
JCAAA AR B 3 ok, 1T L3 A7 7 B2 W 1) 22
FE(HEREE, 1998)0 PIMIEFITEA 7L A5 HAT
HNE PRI IEA% 0 28 0 A 0 2 N 20 IO R 1) )
S 0 B R R AT R N R AR T
PR eI B A Wk 2, A B8 DY 404 3R AU R 3% T R] g
e E R A RTAOE LY NN B TR(EN e o S A S N ]

T 3T AR R 1 X — AN TR AT LU
YTt R Hh B2

DNAM 745 A 2 H i i 2 b B 22 i 57 g
&) AR Z —(Chiang et al., 2001). T4
M B 2 A 5 b A2 AR b BIE 5 M 4% A DNA
(chloroplast DNA, cpDNA) v Bt: % BE K41 KA 75
TEN SRR 2L SE R AR
G E A DGR AL, AR T T IEAL 2 HT(Clegg et
al., 1994). LA, FHAH SR D ) BELe X 4k, HF
AR~ S S i D DX 3l ARG A o 1) e IR 4
2 (Hamilton, 1999), AMUE A T H YRl 7] 1)
Fe4 KA (Liu et al., 2002, 2006; £ K445, 2004;
Wang et al., 2005, 2007), [FJA&E IS A TR0 3 10
A M P2~ (Zhang et al., 2005, 2006). Vb ifili)E 1)
cpDNA /& B} & 1544 (Bartish et al., 2002, 2006), [A]
1R FH % DNA 7 B R 2 1) i 28 1 227 23 A7 A )
AT K ) B AR A A AL R AR A A2 A . 7R
AT, AT D 32 AN A 144 Tl 70
MEIIcpDNA trnL-F FrBGtAT Ty, 2 H
()2 18 I 0 PR RAIT 9, [B125 R 7 S SR ]
R (D) PE BAEUK I B S UK 5 (AR 1T
HAEAE R ZL I R B A& A 2 () AN TR AT
FAAE B R I AL 34k, HATAS [ (S5 230

1 ®MRFnAE

1.1 #HRFEE

T e S DX T SR R AR AR, R
Je A Y BREANA 2 T 22 /D [T BR 100 m, $22 43 A ]
LS A AN T X e 0 5 s S b 3 10 7 i
R BEL-7, A ol SRV Ml o 1) Jo A ) R 38 1) 74
J BB RE8—14, g WV 6 S0 i 1) 5 B ),
TN BEYEEURES A, JE70NMAER D) BN
et i, FERCRSE T G A B S0 5 . SR
PRAN SR AE DY 1 VG LS8 oA, AR Rh 2 ) (1
FEEMMAHE, WL LG W REAAAE T A2 1)
28R B A T B I B3 A3 6 7 AN I Fof
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Table 1 Origin of materials, individuals of haplotype, estimates of haplotype diversity (%) and nucleotide diversity (z) in the 14 populations (1-7,

ssp. neurocarpa; 8—14, ssp. stellatopilosa) of Hippophae neurocarpa

s KA Hl 2 7R HES IO AMA%L No. of individuals PR KITIRZ HE
l?opula- Locality Latitude Longitude Alt. (m) n 0 M I3 04 5 He H7 % %
tion No. h T
1 DU A7 5 32°59"  098°20' 3970 5 0 2 0 0 0 0 0 3 0.6000 0.1000
Shiqu, Sichuan
2 HEEI 34°34"  099°54' 3750 5 0 0 3 0 2 0 0 0 0.6000 0.0545
Magén, Qinghai
3 FHEARE 38°08' 100°39' 3100 5 0 0 3 2 0 0 0 0 0.6000 0.0545
Qilian, Qinghai
4 HiFRE 37°15"  099°06' 3370 5 0 0 5 0 0 0 0 0 0.0000 0.0000
Tianjun, Qinghai
5 TGRS IR 35°53"  093°51' 4030 5 0 0 5 0 0 0 0 0 0.0000 0.0000
Golmud, Qinghai
6 T G FR K 34°52"  095°49' 4070 5 0 5 0 0 0 0 0 0 0.0000 0.0000
Qumarléb, Qinghai
7 R I 34°06"  101°41' 3340 5 0 0 4 1 0 0 0 0 0.4000 0.0364
Magqu, Gansu
8 TR 33°01"  097°06' 3620 5 0 5 0 0 0 0 0 0 0.0000 0.0000
Yushu, Qinghai
9 i 32°39"  096°36' 3960 5 0 0 0 0 0 5 0 0 0.0000 0.0000
Yushu, Qinghai
10 Filgdeil 32921'  096°26' 3680 5 0 0 0 0 0 3 2 0 06000 0.0545
Nanggqén, Qinghai
11 P55 31°12"  096°36' 3800 5 4 0 0 0 0 1 0 0 0.4000 0.0364
Leiwugqi, Xizang
12 i 31°11" 096°29' 3950 5 4 0 0 0 0 1 0 0 0.4000 0.0364
Riwogé, Xizang
13 Lk 31°22"  096°21' 3920 5 5 0 0 0 0 0 0 0 0.0000 0.0000
Jomda, Xizang
14 P T EH 31928 095°25' 4190 5 2 0 0 0 0 3 0 0 0.6000 0.0545

Déngqén, Xizang

S5 EHyPEH. rhamnoides L.AZAE LI E 1 24928
AL (Sun et al., 2002, 2003, 2006), i x;T-4>
AT IV SRV IR AN ) 1 234 L BRI S5 7 %
FEPERHE- T UK S BEAE P A7 A ) o PRI e AS ST )R 9T
ARAUFHIXLEfr i, Priif ) i eas B2 ek
LI 3 A AN, ANELETEAS bk P
% P

1.2 KWHE

1.2.1 DNA##7T  K#iECTABY: (Doyle & Doyle,
1987) WA I8 (1) it 42 U DNA . % epDNA
(1) trnL-F X Bt 847 PCRY™ %, A H il M 51 W c
(CGAAATCGGTAGACGCTACG) Al f (ATT-
TGAACTGGTGACACGAG) (Taberlet et al., 1991).
PCR X AR R AE25 pLAARH ET, AFSHEADNA
10—40 ng, Tris-HCl 50 mmol/L, MgCl, 1.5 mmol/L,
BSA 250 pg, dNTPs 0.5 mmol/L A% iF &2 5 |4)#-6.25

pmolF1Tag DNAZR G EFO.75 47 o S N FE 0 T
SEME94 CA4AF A4 min, #0094 C 50 s, 52
‘C 50 s, 72 °C 1.30 min, 320K, mJafE72 C
ZAF T AEMRT min. 1415 2 PCR™ 4 I CASpure
PCR Purification Kit2{bif 5 & EifEH BT 5m 424
O P BB A A7 B wl ) Fe e #1710 B atidl ;.
T H0 P () 51 42 ] LA S FEAN Y 38 srnL-F X B
), 59 8509 A A H Amersham 23 w] 1)
DYEnamic Dye Terminator Cycle Sequencing Kititt
AFFFPCRY 1Y, 411 K: 94 'C 155, 50 C 15 s,
60 ‘C 90 s, fE¥25¥K. r=4H Amersham A 7l [
Autoseq 96 Plates4lift,, 7-MegaBACE 500 DNA
Analysis System (Amersham Biosciences) 3£ 7l
¥ HXFTOANMAREAT T PCRY 3 Fr B (1) 43 41l
FP CREA T FHI P R SR 2 H A1) HICLUSTAL
X (Thompson et al., 1997)F A5 Wl 5 117 H1EA T X
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ArHER, JFMUAT TR .
1.2.2 ¥UBIE  SERSHE Z RN (53]
oAy JiE B PN RH J B TR) Y- 38 354, 22 ) ARG B B a4
I3 G RN fE (Raymond & Pousset, 1995)%5 1 I
PonsHIPetit (1996) & 1) 7535, M FPERMUT
TS A E] 16 N 100078 B e EAT B 404G 56
(Burban et al., 1999). FATH] FHIX L6 2 FEIE 1T 545 1
O30 B3 PR A S (1 M B A

I ARLEQUIN A £ (version 3.0; Excoffier
et al., 2005)%F 4 i FERH Y DX 3550 SIE AR 23 A1 X))
(R TSGR (Nei, 1987), AR 2 FEM:Fs B )
S R I e AT . O T HES H AT R
SE RN SR T S, AR Templeton5(1992) B 45 H )
JR A SRR U R Gk E 4> K. R GEODIS
(version 2.4; Posada et al., 2000)3EATH#k £ 7 S 20 Mt
(NCA).

2 AR WrnL-F 8T HA A1 2 [R] 1 R 411X 531

35

2 HER

X144 Ja BETON AR (REAN s BES AN AT T
SERAEGRASDNA trnL-F J BE AP 5000, 18t HE
PRI, P MERF 1K 618-622 bp; kL7 4]
SIS R R, SAFESF AR, BTH1-H8 (W15R
2; GenBank{T: /I 5 : AYD14056— AYD14065). iX 8}
PG TN R 22 5 5 L IR o 75165334431
556 S88FHO0SAL s At 43 K A T — /Ml Ak 1 5 46t
(CoT, CoT, AoT, CoT, CoA, CoT), 1555947
BAL KT A5 bp i dE A B Bk .

A AR B R (1 1 A0 AT AR V00 0L T 1 v D
J6 B0 Jm B R A 1—7, 25 R SR v 30 ol 1) 5 )
AT SPhEfE R Ay EH2. H3. H4. HSFIHS, H
I3 A 46 3, HS . H8AL 7 B8 fe FE2 A vh
I R R I R R (R RS —14, R Fh s 1 21
R R RS AR RS Y, 20 2HL . H2. H6A!
H7, HAERHIAH6 AR A iz, HTALEE#E10

Table 2 The #7nL-F sequence difference among the eight recovered haplotypes in Hippophae neurocarpa

L] AFIRAL 21 Site
Haplotype 1 3 4 5 5 5 6
6 3 3 5 5 8 0
5 4 1 6 9 8 5
H1 C C A T GTGAT C T
H2 T C T T — A T
H3 C T T C GTGAT A T
H4 T T T C GTGAT A T
HS5 C T T C GTGAT A C
Hé6 C C T T GTGAT C T
H7 T C T T GTGAT C T
H8 C C T T - A T
=3 RIS T RhE 1 2 B
Table 3 Genetic diversity of two subspecies in Hippophae neurocarpa
LIS R Tif I SR JROIE o % B SR RO ol
Diversity parameters species ssp. Neurocarpa ssp. stellatopilosa
Hy 0.300 (0.0749) 0.314 (0.1143) 0.286 (0.1056)
Hy 0.847 (0.0280) 0.676 (0.1296) 0.726 (0.0824)
Gsr 0.646 (0.0867) 0.535 (0.1648) 0.606 (0.1767)
Vs 0.123 (0.0348) 0.112 (0.0408) 0.171 (0.0765)
Vr 0.793 (0.0581) 0.710 (0.1965) 0.603 (0.1655)
Ngr 0.845 (0.0466) 0.842 (0.0732) 0.716 (0.1605)
Ngr-Gsr 0.199** 0.307** 0.110**

% FRIRAEP < 0.01 /K B 520 3 P22 51
** significantly different from 0 (P<0.01).
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Fig. 1. The sampled populations (1-7, ssp. neurocarpa; 8—14, ssp. stellatopilosa) and the recovered haplotypes in Hippophae neurocarpa in the

present study.

HAEAE; 8IS AL A AT S B H2 3 A T 5 /)
X, FRRIPAS R,

i ARLEQUINTF & H A5 J B 1, P34 N
0.30 (0.00-0.60); =>F-3J{H40.0305 (0-0.0545) (1,
4). PERTES WARA, FERI 3N, TG Tajima
ESEFURILI RS B A DS D* AN E T e, #
W trnL-F v BOE N ARV o S ob PRk (Fu, 1997).
TEMIRVD BRI 144N B, TR N T35 4% 2 FE
Hs (s€)°40.300 (0.0749), Jafela] m i) T4t £ b
P Hr (se)40.847 (0.0280), & [ Je B 15t 44 48 5 Gy
(se)fti 470.646 (0.0867), Ngr (se){ti0.845 (0.0466), H.
NstH5 GerZ IR BAT W3 1 7 5 (Nst>Gst, P<0.01).
TE W A A (R 7AN s B b (B 1, Js B 1-T7), Hs
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(se)40.314 (0.1143), Hr (se)40.676 (0.1296), Gsr
(se)fH 40.535 (0.1648), Ngr (se) {H40.842 (0.0732),
HNst 55 GerZ W47 2.2 PE 72 7 (Ns>Gst, P<0.01).
% BN AR BT B (B, 5 #E8-14), Hs
(se)>40.286 (0.1056), Hry (se)40.726 (0.0824), Gsr
(se)fH40.606 (0.1767), Nst (se){H0.716 (0.1605), H
Nst55 Gerth 2 5 & VE 7 5 (Nst>Gsr, P<0.01).

IS A s LIRS 00 SC I 45— KF
532 (E2). Hdh 2y 31-10 1.2 1-352 8 s
AR, TM1-42 HAGE AR . B3 st e &R
A5E 2 PR RS 560 A B0t T Bb B PR 2 2 H (i 3R 5) K B A
I3 -2 AR AR B B (5K, HERREAN A2, T
Aoy SO EANRE A e 2 AL, ke 2
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R4 WERID BRI 2RISR R (), IR 2 AR R () LS R SR e T
Table 4 Haplotype diversity (%), nucleotide diversity () and neutral test statistics in two subspecies of Hippophae neurocarpa
Ja iR LR
No. of populations No. of haplotypes h T Tajima’s D Fu & Li’s D*
Fif
Species 14 8 0.3000 0.0305 0.2625 0.2430
RIZLIE ST
ssp. neurocarpa 7 5 0.3143 0.0351 0.4083 0.2812
MEAN B A
ssp. stellatopilosa 7 4 0.2857 0.0260 0.1166 0.2047
RS RIS BRI REE 2 3L H
Table 5 Nested clade analyses of eight haplotypes recovered in Hippophae neurocarpa
LIy S Zero-step — 35433 One-step
Hap Pos D, P D, P Clade Pos D, P D, P
H5 I 0.000 0.199 159.581 0.097
H4 T 203.282 0.097 240.334 0.097
I-T - —203.282 0.097 -80.753 0.097 1-1 T 208.033 0.289 399.482, 0.025
H2 I 128.4955 <0.001 149.379s  <0.001
H1 T 77.760s 0.001 313.058 0.352
H3 T 287.191 0.332 388.624.  <0.001
I-T - —68.941 0.085 —206.860s  <0.001 1-2 T 303.423, 0.031 299.711. 0.034
H7 I 0.000 0.170 21.590 0.052
Hé6 T 74.726 0.160 73.752 0.097
HS8 T 0.000s 0.029 178.231, 0.002
I-T - —60.715 0.348 -71.751 0.052 1-3 T 85.3695 <0.001 191.1645 <0.001
1-4 1 0.000 1.000 0.000 <0.001
I-T - 0.000 <0.001 0.000 <0.001

Hap, S84 1, ATREE S, I-T, AEEES RS AR 45 U2 RN B R~ 10 22 5 Pos, AL “S” A “L”

MR AR T, R i

Hap, haplotype; I, inter node; I-T, the average difference between inter and tip nodes; Pos, position; “S” and “L”, significantly smaller or larger than
the corresponding values; T, tip.

H4 HS <o o O O @ O H&

11

12 H3

B2 i RPN SR AR DNA B AU R4 43 32 9 2% P (T J7 TE FOMGIR] T 4359 2 s A0 LAy SRR 2% 6 SR VD IS 21 1) B A5 2
Fig. 2. The nested cladogram of cpDNA haplotypes in Hippophae neurocarpa (rectangle and elliptic squares indicating the haplotypes respectively

recovered in ssp. neurocarpa and ssp. stellatopilosa).
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Table 6 The inference from the nested clade analysis following the given keys

53 kgt B &R ila
Clade Chi-square P Clade key Inferences
statistic
1-1 5.000 0.199 1-19NO R4t Allopatric Fragmentation
1-2 94.000 <0.001 1-2-11YES,12NO 4R34 5k Contiguous Range Expansion
1-3 23.539 0.003 1-2-3-5-15-16-18NO AL Geographical Sampling Scheme Inadequate to Discriminate Between
Fragmentation, Range Expansion, and Isolation By Distance
R Total 0.000 <0.001 1-2-3-5-15-16-18NO IUFEAN £ Geographical Sampling Scheme Inadequate to Discriminate Between
cladogram Fragmentation, Range Expansion, and Isolation By Distance

R 25 23 A S ) T BB S A 4 R (R 6) o

3 e

2R A DNA T 41 1) 42 573 5 12 (Chiang et al.,
2001), i id cpDNA T #1148 S A5 il 21 1) A% 4 22 ()
()5 A4 I T 55 DY 0 A AR A i A B B R A%, s
W 5 — IRUK I (Newton et al., 1997; Petit et al.,
1997, 2003, 2004).  FRATTAF I 2D WK trnL-FAE b
X #E47 Tajima L S FufILirp PR BG, HL &5 A& ek
YRR, HAB SR Z PR = 0.0305,
F4), FIFERIZ A BEDNAARS S 46 5 () B R 2
TR AR A B R RS T, R B e — IR VKO
JE AT 5K IE B, X AE VD R 1 A ) A 2 it
(Bartish et al., 2002, 2006; Sun et al., 2002, 2003,
2006). WERAADNAMIVEZ v BUAB H AT X AL 4 A,
ITEAERE TR ) — e A 250 UE, BRI 3L
PR3 T F R T A A 565 DY 20 K S v 1 s
A7k (Demesure et al., 1996; Petit et al., 1997,
2004).

AT TR, Tov Tl A J 8] 1R 3t 4% 44k
(Gst = 0.646), 132 AN VPP g 6 ) 19 1824 701k
OV VP BRI, Ger = 0.535; MV Fhas 6 1 S b ik,
Gsr = 0.606)¥)3E 5 K(F3), 2B Ja ] (1A -2
RIAZ IR/, Norfe 3 KT G W B0 1 P ol A% 784
AT R 005 R MBS . i J AR G 1 A bk
LERTEARY € DN AR LN o £ B/ TR (0F vig ok Bl
X —H DX A R R AR AR A K Ot XL 56, 1998),
Wi B AR AR B A, AEiX — I i E ™
TGk RV B 1K — I 1% 87 2[RRI 5
Wa, 32 8 A R /IS (1) 28 A0 B 0 R 43 A i B 1) A

o W RIP MRS R A3 A B A%, I3 Bl (&
1) n] DLW U SRV I nT BEA7AE 22 A i i X IRk
WhEEMEA, GnH1. H2. H65H4. H52) WA e AR
] (R X, R R IAT Fa 465 A7 T i) S 2L
MH3TEALIA I 2 AN Jm I, DR B A5 B v] g
TRV G KA T ki . NCAZE R (GRS, £6)L
FRX s BREs e E 2 7 B, BiAEfe
ANIEI(PIBEREFIT; T AE 2 S22 AEAE AR S 7K o (HE,
VF 22 FA5 T () b B 23 AT xCFE B THUREAS 2, A fi ]z
() FR) 335 2 L B A1 P Jit BRI LTS SR ANV 42

U H T 8 LA R AN SR e ) 40 A S
WK ZESE: A P H2 I = e s Rt AR A
TP NEAAZ G D A A YA YA A
W5 E AT (1) o 1K — &5 5 AR 1 B A I
ANTEAE ST AW 0 (1) 25t 4% 1% 28 DL K HAT AN [R] (1) F A
B RS S MR BT (R A A mT 2 i —
SRS TBOE AL SE AL (1812): — SO IR YD R
B, SRS AN AR E A R, JF B SR o
PR A B I T-5 SR Wi o X — 45 AL TR
HH ) SR V0 O R ) B R A S — IR TE R %
FRREAT 1) 43 3C(1-1) A7 R IS B Rvb ik pH o
BRI, DA T e A T B ) SR VD O K 2D .
FHE CAA AR K LTS ) . XA A
(504 S E B JE P DA K oy AT AR B A DA DG AR
RERCI PR B A 135 B 1 v D i A ) dbd 15
i, TR PR, ol R p AR 5 o i A A fi
AR R, R0 kT A 3 N A 23k
TSR . FRATTIE T EE R H IR X N T
Tofr () i S AR B 28 3 A (BP B BE 1) 7 AR A% B T e
ATVR R AR 565 DY 20 A5 AR 3T v 1R 4 A Y L 5038 2
T UK PRE 23 A e Bl Ft o ST B P AN A 2
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IR Z8AT, TR E S S0P A S Ff 3435 R 2 T ) A 2
ALHE AT . H T IIBT ST 4SS AR, AT AR A
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