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Phylogeographic study on Bretschneidera sinensis
inferred from AFLP data
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(1. Key Laboratory of Plant Resources Conservation and Sustainable Ulilization, South China Botanical Garden, Chinese
Academy of Sciences, Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract. Bretschneidera sinensis Hemsl. is a rare plant species mainly distributed in China.
In this study, amplified fragment length polymorphism ( AFLP) data were used to analyze
genetic diversity, genetic structure, and phylogeography of this species. A total of 192
individuals from 24 populations in 11 provinces were sampled. Results showed a relatively high
level of genetic diversity for B. sinensis, with an expected heterozygosity (He) and Shannon’s
diversity index ( I') of 0.2728 and 0.4070, respectively. Relatively high genetic differentiation
(Ggr = 0.7138) and lower gene flow (N, = 0.2005) among B. sinensis populations were
detected. The infra-population genetic variations were significantly greater than the inter-
population variations. Four phylogeographic groups were discovered from cluster,
STRUCTURE, and BAPS analyses. Populations in the East Yungui Plateau showed high levels
of genetic diversity with unique hereditary constitution. This area is a possible diversity center
and glacial refuge for B. sinensis in China, which expanded northward, eastward, and
southeastward after the last ice age. Populations from the Nanling Mountains, with a close
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relationship to their neighbor population, had higher genetic diversity than other areas. The
Nanling Mountains are another probable glacial refuge in the evolutionary history of B. sinensis.
Key words: Bretschneidera sinensis; Phylogeography; AFLP; Genetic structure; Glacial refugia

1A % B ( Bretschneidera sinensis Hemsl.) &
1A 5= # £} ( Bretschneideraceae ) 1A S W & 7% i 77
K, NAEARBINBEAE, DA E oA e i
FARRRE . BARNEAEY) . AR A AR TR N R
W, FEFESTIRER L 48 X 1L X
i, JETEBTE g ) RN 2 E LA X D R
PO RILOK, JFAEBSREERR Y T S
TRURP B AR R E B 0B, N2 RAREGE SRR, A
SRIBTIRIME, (A7 SR AL T B fE R A, B
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SR ik 2080 1 st Hofth 4 F bR i ok g R
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%, VERFASS: | A BM02E L RAGm EF h
FURIF TR A2 E D RO ZE S ™ IR
filh b A TRAE T A A AR SR TR R &, S
] P DU 28 SMEUR R o i I I B 1 TR,
EHEUCR HIPGEBAL 1) AFLP 43 FhRid ik Xt
AR TR T 5 A 21 i R b P22 5T, 38
b AT AN [ 3 B3 A7 R SR A8 F AR AR a8 1 2 R A
BHELEH, O ERFRIFESZ R, RINESEAE,
HO R A AR DA SR BORE, HEMA SR AT REAFAE Y
PR A RNV REXE T, DU AR SR A i LR R
FHUL B AR 2 3 SRR A ZE IRl et

1 #RAITTE

1.1 KIasrat

A5 AT TSR AR 53 A H E R 24 4> 534 A
YER I tE R i, HeRELR 11 M 24 4
JREE(R ), FHEINE 1 ~ 3RES, SR

AMAIEE 30 m DL b, JR AT RER AR B Ah A o e
W T AR, B MERE 2 ~ 4
fif | JCHE | TEI R (R ), A
A RER A E A8 e 5 bR 55
1.2 XWHIE
1.2.1 2 DNA $£E

FERA R IR BCIRASRAT 1) 8 MM, FHIfE
IR ZE LA 7 A, TR, SR
(1) CTAB 357 $E BUT AR B i F i DNA, B 1 pL
DNA R 5 49 ul WZEKIRS), H L] WL ook
JERE TR T DNA i i Rk BEAG I
1.2.2 AFLP &#f
1.2.2.1 EF4H DNA gl

BEYIARZ K. ddH,O 5.65 uL, 10 x NE buffer
4.0 uL, EcoRl 0.25 uL, Msel 0.1 uL, DNA 10 uL,
20 pL, BN FEF R 37°CIRME 3 h, 65°C
KRG 20 min, PHAR k& Ui A —20°CIK
FAIRAFFH
1.2.2.2 EcoRl #1 Msel #3LiR X

Fie ™ U 58 42 SV A 2 100 pmol/L 1Y
P, RABUR A #E B2 50 umol/L, #1TiR
K, ZEFRIF A -20°CORF AT H
1.2.2.3 EcoRl #1 Msel # 3k &E$

EcoRl #3451 ). 5'-CTCGTAGACTGCGTAC-
CCATCTGACGCATGGTTAA-5"; Msel #3k I¥ %1 Jy.
5'-GACGATGAGTCCTGAGTACTCAGGACTCAT-5',
ek VAR R N . ddH,0 3.1 ul, 10 x T4 DNA
ligase buffer 1.0 yL, EcoRIl adaptor (50 pm/uL)
0.4 uL, Msel adaptor (50 pm/uL) 0.4 uL, T4
DNA ligase (350 U/uL) 0.1 uL, DNA fiig 4] /= ¥y
5uL, 10 ul, RNFEFH. 16°Ch i 3 h, HL
Hy, HOBE 10 4% A PCR Sz 7 #5557k A VK A6
—20°CIRAF R
1.2.2.4 PCR¥ &

iy w5 EcoRl + A. GACTGCGTACCAA-
TTCA, Msel + C. GATGAGTCCTGAGTAAC, T
P MR & . ddH,O 13.0 uL, 10 x buffer
2.0 uL, dNTP(2.5 mmol/uL) 2.4 uL, EcoRI-A



55 6 1 B 4 . BT AFLP 08T 9101 SR ( Bretschneidera sinensis) it Z M H2E 58 817
F1 SERBNEETH., sTUETESIL, EREREE( ) FPEREE(He)
Table 1 Total bands, percentage of polymorphic bands, Shannon’s information index ( 1), and Expected diversity
(He) for 24 populations
JE R RAATEL ZRFHEHIT(%) BARMGEEIERCT) WBRAE B (He)

Population Total bands Polymorphic bands Shannon’s information index Expected diversity
1. fE bR 62 21.53 0.1053 + 0.2122 0.0685 + 0.1426
2. T 44 15.28 0.0776 + 0.1933 0.0513 + 0.1319
3. RIS 72 25.00 0.1351 + 0.2446 0.0906 + 0.1680
4. "R MK 48 16.67 0.0737 + 0.1805 0.0472 + 0.1216
5. J7ARiEM 57 19.79 0.0950 * 0.2053 0.0619 = 0.1390
6. AR 40 13.89 0.0731 + 0.1899 0.0486 + 0.1295
7OTREM 49 17.01 0.0835 + 0.1987 0.0550 + 0.1362
8. I ARIHIE 64 22.22 0.1058 + 0.2139 0.0689 + 0.1456
9. T A/NEIL 55 19.10 0.0946 + 0.2081 0.0622 + 0.1420
10. TP e 57 19.79 0.0968 + 0.2084 0.0634 + 0.1414
A5 74 25.69 0.1385 + 0.2482 0.0932 + 0.1715
12, JNELT 61 21.18 0.1114 + 0.2248 0.0741 + 0.1534
13. W V> 63 21.88 0.1080 + 0.2203 0.0713 + 0.1512
14, WiF R 79 27.43 0.1474 + 0.2559 0.0996 + 0.1786
15, WIR 7R % 74 25.69 0.1233 + 0.2253 0.0802 + 0.1522
16. W14t Bt 74 25.69 0.1346 + 0.2404 0.0894 = 0.1640
17. WiFgZE L 126 43.75 0.2314 + 0.2849 0.1554 + 0.1988
18. IR BT 75 26.04 0.1324 + 0.2389 0.0878 + 0.1643
19. VTPY e R 80 27.78 0.1507 + 0.2554 0.1014 + 0.1768
20. JT.P§4 X 81 28.12 0.1346 + 0.2315 0.0874 + 0.1566
21. A A 69 23.96 0.1232 + 0.2330 0.0818 + 0.1593
22. mEbtil 64 22.22 0.1201 + 0.2339 0.0805 + 0.1602
23. Wi T 53 18.40 0.0907 + 0.2043 0.0596 + 0.1391
24, Wil e R 74 25.69 0.1399 + 0.2491 0.0941 + 0.1717
At the species level 231 80.21 0.2728 + 0.1926 0.4070 + 0.2647

(10 pm/uL) 0.2 L, Msel-C(10 pm/uL) 0.2 uL,
rTag (5 U/pL) 0.2 uL, #E=91(1 10 k)
2uL, 3t 20 pb, RNFEF N, 75°CYHE 120 s,
94°CH # 30 s, 56°CH 14 30 s, 72°CH 14 120 s,
19 MEHR, HtJm 60°CHENER 30 min 455,
1.2.2.5 EFHY1E

SlYTE. H 8 NMHEA 3 AL
E-primers(+3) #1 8 > B A7 3 D £ IEmIE Y M-
primers( +3) #4174l A, —IL15 3] 64 P51 YA ik
BEMEY AR, BRI, TSP
Wik, ARG B TERE TP PRE I AN, R
WA 1k A 51 k4T PCR sk £ M43, it
ABI-3730 [ #hillJF{%F PCR =¥k f7 ik, e
IS5 | Py e g TR RS D AR
L SR, ATERE AN 6 X5 dLE Ty

VEREMEY 3 B AR R SR S TR
PRI R 5O AR 1R AR, MFATEEEEE PCR Y
14, PCR 4 [ i #2 )% & H Touchdown PCR,
BAEY MR R N ddH,0 9.8 ul, 10 x buffer

2.0 yb, dNTP (2.5 mmol/uL) 2.0 yL, E primer
(ZSEFRIC, 10 pm/ul) 0.3 ul, M primer(10 pm/
ul) 0.5 pL, rTag ®#(5 U/ul) 0.4 ulL, Fy ™=
Y150 #RE) 5L, it 20 pb, RNFRT A
94°CY 1 300 s, #RJGLL 94°CP 4 30 s, 65°C ~
56°C(-0.7°C/cycle) ¥ 4130 s, 72°CP 1460 s N
—MIEER, A3 ADPEER; HELL 94°CY Y 30 s,
56°CH 1 30 s, 72°CY #4 30 s I—EH, 323
MER; 5 72°CIH IR 8 min 45
1.2.2.6 ®EEN

PCR Jz hi 45 3 5, #% 7~ ¥ #i B 30 %, #%
0. 2 mL ET-ROX-500 5 ddH,O B4, HU 1.5 uL
Feih 5 6 ul ET-ROX-500 IR & WIES, & T 95°C
PR 10 min, ARV S IRE S i F 3h P AL ABI-
3730 HEATHLUKAIN , ARASY 4 BeicdE
1.2.3 HESZKITE S
1.2.3.1 £®HH%it

¥ ABI-3730 H 3l J3 A0 15 i 25 R A
Genemarker V1.7, X741, MRAEEER
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TR | G5t 50 ~ 500 bp LB, £ 40
R 1, TEHRHICH 0, ¥ SXHHRAE R Excel 155K
) IR, A RZL AT,

FARAE AR TC IR AMA, DLRAA — A4
AFAECE TR NS, St B RE(F,),
TR ZEWRWH T (Faoy) o A AFLPdat %X
PR EAFRRA S EE (Fpp) o A5 M ZR IX URR
AR (Fpp) , JERI L1 45 21 1 = 2
LB 2 A R 25 A AT BT A =
1.2.3.2 B#HEESHEESTSEEERSHT

k] POPGENE #1447 o0 18t A% 40 M, 31
st A R B Ggro R ] POPGENE #4315
B 2 b M 4R B0 B 24 5 J¥ He ( expected
heterozygosity) . 4% 7 & 45 £ I ( Shannon’s
information index) . A N (gene flow) | &%
FE B D ( genetic distance) 5 £ & 7 & [ 2
P(percentage of polymorphic loci)

I NTSYS #1475 F Nei’s and Li’s it {4 i
B UPGMA B2650 8, AR DU 850 AR 4
AR IER B AN TR, AT RS [R] A 44 43 i
B[R A E A, A B R B R O Y B
STRUCTURE LA}z BAPS #4734, BAPS ¥4 %4
FEPRU R A 38 4% o4k 1 21 A B A R HLAS &, fif
Stochastic optimisation 32 3 FH T4 Wt 15t 14 45 #4) 1
JE S BRI S R A R e P
ASCARSAE, SRIGTE Mixture B R FETAMARR 2K
AT, SRR BRI T AL, 1R A KR
2 ~ 24, BUYGEHELE 5 K, XA HE A EE ST
Admixture BRI AR RIS 00T, B/ NEREIR E

N3, EE WK 200, K E A EECR 100,
AT MARMIR G REO TR M EZ R ECH 15,
AR AT KRR R P Ik AT iR,
FCACA [A] KA 1Y & s B 45 Rk SR i i K
B, RSO BL P A A W] A 1A Bl 0 i B A
[ 40 . #F Structure 2.3 h, ¥ S 5% & N
Length of Burnin Period = 100000, MCMC Reps
after Burnin = 50000, ¥+t No Admixture Fi%Y,
LK =1 ~ 10 #f7HR, H—40 KEEE 10 K.
FIH R 5 MR 5L Structure-Sum 27 XA
[ KB T 0 b, 4k s A i KJE.,

2 HBRENH

5| ¥k

X 64 AN EREMEY S P UEAT I R L8,
I BB R LUK, WAL R A 14 XS4,
TR AR ST, R AR BE 6 X T i
RIS Z2RERE . ZFE, TEE KW
eI A A, el i&. EcoRI-ACA(FAM)/
Msel-CTC . EcoRI-ACT ( FAM)/Msel-CTC. EcoRI-
ACG (FAM)/Msel-CTC ., EcoRI-ACT ( FAM)/Msel-
CTG. EcoRI-ACT ( FAM )/Msel-CAC. EcoRlI-
ACT(FAM)/Msel-CAG (3 2).
2.2 Witk s

FIFH ABI-3730 [ 2l 7 AUk 3% DU A it 364 7 4
I, X8 A 0 48 S R JFG U {8 PRI A7 N A XS, #b
W, R 6 XTSI R 192 MRS 1 44 288
o VB E N 52 ~ 499 bp, X5
Pl 48 %, Hh ZA8M4H 196 4%, fxtil

2.1

% 2 AFLP &5|¥3t 8 &HE

Table 2 Numbers of bands amplified from six AFLP primer pairs

EIL7EGReS 527 SRR EZ T 0 ZEMFNEFI(%)
Primer pairs Sequence (5'-3") Total bands Polymorphic bands Polymorphic bands
1. EcoRI-ACA / Msel-CTC ?Eﬁ%ﬁg%@?gﬁéﬂiﬁég 49 26 53.06
2. EcoRI-ACT / Msel-CTC ggﬁ%ﬁg?&é%ﬁég%%% 60 51 85.00
3. ECoRI-ACG / Msel-CTC ggﬁ%ﬁg?&é?gﬁéﬁ%%g 39 25 64.10
4. EcoRI-ACT / Msel-CTG ggﬁ%ﬁg?&é%:é&%%i 43 30 69.77
5. EcoRI-ACT / Msel-CAC 22?%%%@%:2&%%% 48 34 70.83
6. EcORIACT / Msol-CaG 0 GACTOCGTACOMTIOACTS g 20 120
Total 288 196 68.06
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45 . BT AFLP 43T 9411 SR ( Bretschneidera sinensis) i 2 HhFR 24 B 5% 819

YIFT Y 8 4007 1 - 3 285 M H 43Rl 68.06% (%
2) ., 6 XTI AY A ECR 39 ~ 60 %%, £
BEFA R s WA A8 EcoRI-ACT /
Msel-CTC(85.00%) , L& A/ Fakrs]
Y14 M EcoRI-ACA /Msel-CTC(53.06%) .
AR ER XK BB (R 1), 2R
IR s 1) JE R 2 A v A A A pa 04 1L P, 84
ZREPEKFAE 0.0906 ~ 0.1554 Z[a], Fgis 1l ik LA
At X A7 Ak B BE 2 A MK CE i 0.0802 ~
0.0996, = pi., S, J7 P HL Xy 0.0622 ~
0.0932, KILH T K 0.0513 ~ 0.0941, it
L2 R P 7K - e A Y b IX 2 1 04 1 ik DL R b X
(0.0472 ~ 0.0713) ., WA JEHKKE, Bk
RN i W 2 R 2 LI B A (0.1554) , H
YR VT PG 2 B s B (0.1014) 1 w4 45
(0.0996) ; TiistfEsK V- ZHEPE AR 2ok A FE e
LUK AT 1l DX 7 2R R TR & B (0.0486) AT 7R
MALTEFRE (0.0472) o 43 A AE & 15 FR & &AL
VR VD R 9 38t 15 22 REPE KO- 43 5124 0.0818 Al
0.0713, S A i V1438t L Z R KA 2
MY RSB HRE (R 1), SEREFFEYT
Wi 66.5 %, KBETHEZBMEFNH LR
24.57%; ¥ G ECH fe 2 (02 T ra e th kA6
MR ZE LR HE (126 2%) , /D IR 67 T g 04 1l ik
AR A A R RE (40 4% ), [RImhEefs 2Rk
R BT R U L b DX 2 43 SR O 92.7 4%
KL T b X P38 i 4 Bk 62.7 2%, £
BYESM A0 A 15.28% ~ 25.69%, 1L Bt e
ST RE; nf. "M, TP &R
BED A0 BB AE 57 ~ 74 Z W), 8%

WHEHAM N 19.79% ~ 25.69%, Hor ) P44 75 fn it
[RRART (74 %) EZRMEAFR(9K) L, M
WL bk R L b XS 22 A AR A 40 E A il ok
13.89% ~ 22.22%F/1 25.69% ~ 28.12%., %4k, 5
WSIERE (B GIL, HR VR RE) Y1 Rar ECh
69 M1 63 2k, Hrp AP BI 17 f114 4.
2.3 BEEL4EN

XPorp [ M KB 24 A SR A TR BE E AT
POPGENE 7 Fistfe ZFEMES 0T, AR SRR
()25 T35t A% 2 AR VERE (3R 3) Flistf& sr b R A (R
4y, R, ARRER S 2R &
FERIEL M bIE K TR BN e ik s s+
BAEAE T RBEN], AR R S A A J A ) a5
LR Gy = 0.7138, iR Wright " i iA J5
BEMEI A EARE, 2RI SRAR B B (] 0 oAb AR B v
S N, = 0.2005 < 1, UaBIA AR 25 S A 1] 3
PEE D, I T 45 S e e st AL o1k

SR 24 A R RER) AFLP B4 #4743 it 3
B, BT 0 B STRUCTURE 11 BAPS Y
IEER—S(K, B2), HHNEEEK = 4,
HAPKET (3 ~9) ., MrER(14 ~18) 1
ANEER S 50 Ry — 45 MRS Y (13) | TEPESE X
(20) . W& T (23) ML e R (24) HA—4,
AT REEX4(3) . WIEHEAR(14), A Hd6(21)
W ST (23) JRBE R MR A — 75 4h,
WK =1~10HEAN KIEEE 10 W, Al
AR, 2RISR K = 4P REE(K = 2, %24
ANERET WA B R, 5 RIS R PR
BRTHWIE; K =9 REhrmE), Wik,
it 24 MASRERES R 4 D Hb R (K 4) |

® 3 AFRMERNEESHEST

Table 3 Genetic diversity analysis of 24 populations of Bretschneidera sinensis

- IR N AR Ne  Nei's M fESHHIEHEE H Bk ZREVEIEL |

Statistical indexes Number of Number of Nei’s genetic Shannon’s diversity
observable alleles effective alleles diversity index index
{7 55l Sa  Site average value 1.8021 1.4735 0.2728 0.4070
#rifE22 Sd - Standard deviation 0.3391 0.3778 0.1926 0.2647

®4 BRENEEHNEBEESNRY

Table 4 Genetic differentiation coefficient of 24 populations of Bretschneidera sinensis

Gi et )édﬁ%%#‘fi Ht Eﬁml‘i%gﬁé‘ri Hs ﬁﬁ%éﬂt‘?ﬁl GST AN,
Statisical indores TS ot Cenele difeentation Gene fow
{7 15 F¥9{H Sa  Site average value 0.2728 0.0781 0.7138 0.2005
FrifEZ4 Sd - Standard deviation 0.0371 0.0054
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1.2 3 4 5

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

M K=40F, JTRER(3 ~ 9) SHIE R (14 ~ 18) I R fL ik,
Showing the genetic divergence of populations from Guangdong (3-9) and Hunan (14-18), K = 4.
1 STRUCTURE i+tE4 R
Fig. 1 STRUCTURE analysis results

172 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
MK =4m, TRER(S ~9)5HIEER(14 ~ 18) MMM BAEE L,
Showing the genetic divergence of populations from Guangdong (3-9) and Hunan (14-18), K = 4.

2 BAPSItE4ZR
Fig. 2 BAPS analysis results

FIH BAPS Xt 24 A1 55 4% Jm 1 B A5 S 1R 1Y
AFLP Bl kA7 DI 43 Hr (K1 3) o 7E K = 2 I,
JARERE(3 ~9) . WIHERE(14 ~ 18) B 5H
st X (A R AE T, T R PR SR HEL ; £ K =
3, ERE NI R 3 A H R RELL (H 3 FhoR
FEEAZF); MEK = 40, JAMKER(3 ~
9) B g AR AL A AL (T 2) , AT TR R4
FE43 T AN ) i b B e B 4
2.4 BELHW

FIFH NTSYS JE 388 4% #5855 %5 b 1 SR A 24
A EFEHETT UPGMA R0 (K 4), 2R BN,
FTA 24 AMASRH R ATIE A 4 KB (1)F
WL BK AR 2 0 dE R Ue LARE 1Y) AR 4 K 280
Ftmat, MR E o BRI — ], TR K —
ANRFI; (2) HB S, R HE I 0 (8
WSRO FAERE, BT BRI R
(3) Ml kLA 3. EEMIREZE 1L BT ML
JerlE R, BT —REZ; (4) KILH T
FFEWHL, TLPTR SR MR, B T —RE
X, BVAKRE, AR A5 R R 5B A5 1 5 3y
AFREAGAT— 2, (HFR 0 s B A7 B B #5211 Jo A

MR RERA, WG 1S G U RS U TR
3 itig
3.1 {AFRREEE S

FEFPNK B, ABFSEE S AFLP 43 FAric st
ARG ZREE I FE 45 R R, ARG £
FEVESE B ( He) FnfAe (s B2 REERR S 1) 400k
0.2728 1 0.4070, k" FIH ISSR 4 Fx
ICHFIEMR AR 7 AMA SR TR T I8 A4 2 R KST A
P, B INABTWEAEY) . A KA A
HIWITE 8% ZREMEK T B 5%, (A FITIA
SRS AV F BB A AR W A A A th A
)38 15 2 FEYE K, 5 B & ( Saruma henryi
Oliv.) 24 0.939'"" | KAfizk 7 K] ( Fagus longipetio-
lata) & 0.793"°" | U85 ZREME K F M R S
GELY VTR S o W ALY (B <

AT R AFLP S Fhric /s i i 2 2851
RS E AR (P)IAE| T 68.06%, 734k, MM E
Oy AR B AL AR KPR A — T AR b
LB 0L S B H AT S AR 2 8 ) st A% 22 B PR K S
{HARXT T ISSR Fil RAPD 43F4ric, AFLP 43-FHric
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12 3 45 678 910 1112 13 14 15 16 17 18 19 20 21 22 23 24

E3 #FABAPSItHEK K =2, 3#15 BMARKEHARNSAHFRL
Fig. 3 Grouping results of BAPS analyses of all Bretschneidera sinensis populations, K = 2, 3, and 5, respectively
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IS R LK LRSS
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I BRHE BRI

UILEEFN
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WIFTE L
WEHT
NP A
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WHLE T
N3 AL ML

WHT R

nEbtL

4 ET Nei’s & Li's L BEEH) 24 MARKEEH UPGMA R2E 51T
Fig. 4 UPGMA analysis of 24 populations of Bretschneidera sinensis based on Nei’s & Li’s genetic distances
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(R R ST REE S, REASIN BB S i 2 AL 22
ML A3 Hr s R nl A, AR SR ELAG A 55 e 1)
B Z RN, XATRE S H A SRR TE LA G,
HSRIUA P SR B AR R IR A D, ELAHE [ RS
MR REACEE R, N vk Z T, Ak
REEATZ WIS A, S AH AR 35t 1% 78 S B 1
TEZIAE, JE R X 2R A B R —
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