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Phylogeography of the Loess Plateau endemic plant
Prinsepia uniflora inferred from the chloroplast DNA

LIU Jiaqi, FU Mengjiao, WU Haiyang, TIAN Bin"
(' Key Laboratory of National Forestry and Grassland Administration on Biodiversity Conservation in
Southwest China ( Southwest Forestry University) , Kunming 650224, China )
Abstract: To reveal the historical dynamics of the population and existing genetic structure, maternal chloroplast DNA
fragments (psbA-trnH, psbI-psbK and psbJ-petA) were used to study the phylogeography of Prinsepia uniflora, a kind of
endemic plant distributed in the Loess Plateau. The results were as follows: (1) Total genetic diversity of P. uniflora was
high (H,= 0.796) , but genetic diversity within species was low (Hy= 0.276); (2) The molecular variation analysis
(AMOVA) showed that there was a high genetic differentiation within P. uniflora (Fy = 0.674), and the genetic
variation was mainly between populations (67.4%); (3) Mismaich analysis and MaxEnt based ecological niche
simulation results in different historical periods showed that although the core suitable range of P. uniflora did not change
much, population still expanded to some extent after the end of the Last Glacial Maximum (LGM). Our study indicated

that, like most of the plant groups distributed in the northern regions of China, P. uniflora probably responded to the
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Quaternary climatic fluctuations by taking refuge nearby or in situ during the glacial period and locally recolonizing in

following post-glacial period.
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Table 1  Collection information of 18 populations in the Prinsepia uniflora and the
chloroplast haplotype distribution of each population
" e b g
Y i N
FIBES o e s s WReekm (MEED
Population . . . Altitude
Location of samples Latitude Longitude Number Hyplotype
code (m)
( Number)
RTC VY44 )1 w7 4k b A 35°10'44.21" N 109°04'42.00" E 1 037 7 H4(5) (H5(2)
Zhifang Village, Tongchuan City, Shaanxi
RCQG  BEVUA M T o i B IR 1 37°26'44.06" N 108°35'44.40"E 1713 10 H2(10)
Changqugou, Jingbian County, Yulin City, Shaanxi
RGQ PRV M4 H R B2k 36°14'51.45" N 109°20'49.65" E 1 060 8 HI(6) H2(2)
Meishuigou, Ganquan County, Yan’an City, Shaanxi
RIB  Bevuss i phorivg s B 1 5 37°27'19.20" N 108°34'00.62" E 1 689 9 HI(8) H2(1)
Wangquze Town, Jingbian County, Yulin City, Shaanxi
RAS  BReP 4 SiE 22 Tl 42 28 L J0a ) 3L 36°50'53.80" N 109°16'38.16" E 1 219 5 H1(1) H2(4)
Zhenwudong Town, Ansai County, Yan’an City, Shaanxi
RZX  HN & E i S 34°50'57.89" N 104°28'7.50" E 1 875 12 H3(12)
Zhang County, Dingxi City, Gansu
RKTS  H 48 i i e i 1 35°33'26.41" N 106°31'15.51" E 1 860 5 HI1(5)
Kongtongshan, Pingliang City, Gansu
RTS  Hlt& XKl ZBIX 34°34'18.71" N 105°53'8.73" E 1 089 6 H4(3) \H5(3)

Maiji District, Tianshui City, Gansu
RLXX Hh 48 18 vl i 75 24
Longxi County, Dingxi City, Gansu
RLG  Hlr & B mg AL 8 X104
Liugou, Li County, Longnan City, Gansu
RZQ 7 H R ROE AR Sl £
Zhouqu County, Tibetan Autonomous Prefecture
of Gannau, Gansu

RKL  H & I & % B A M ER AR
Kangle County, Hui Autonomous Prefecture of
Linxia, Gansu

RLB  Hifr &R miL &N S

Leiba Town, Li County, Longnan City, Gansu

RHS  HN&A KT AKEKAHE

Taibai Town, Heshui County, Qingyang City, Gansu

RLF P54 I 3 i
Linfen City, Shanxi

RTY NP4 KRG M R

Tianlongshan, Taiyuan City, Shanxi
RHD 144 i £

Hongtong County, Shanxi
RXH  FHigEHERTELE

Xunhua County, Haidong City, Qinghai

36°09'28.88" N

35°50'55.82" N

35°0'18.00" N 104°37'56.40" E 1 743 13 H4(6) .H5(5) .
H6(2)
34°11'23" N 105°10'44" E 1 400 5 H4(5)
33°47'10.89" N 104°22'7.60" E 1 368 9 H4(9)
35°22'15.85" N 103°42'21.31" E 2 001 11 H3(11)
33°48/04" N 105°01’49" E 1 500 6 H4(6)
36°07'46.19" N 108°39'24.65"E 1 166 6 H1(3) .H2(3)
36°05'50.65" N 111°31'24.52" E 456 7 H4(4) H5(3)
37°42'33.83" N 112°23'38.66"E 97 4 H4(2) \H5(2)

112°17'42.50" E 455 11 H2(11)

102°29'01.76" E 1 871 11 H4(9) .H7(2)

BT N (L 0] HE B AU 22 8] Y 22 S i B AR N
PRI WM AT LA H S 708 S 7 R 3 )
A X B HB AR 5y, W N B R T G fE, Hak 2] i
FIKF-(P < 0.05) , WS HH G ZAH T A4 BAA5 B 7R A
[] B A Hh B G AR AS W) R Hh L3RR, Ul W A
A W 13k R Hb BS54, SR A Arlequin 3.5.2
(Weir & Cockerham, 1984 ) # {4 14 4 F 2% 5 50 #r

(‘analysis of molecular variance, AMOVA ) X F ¥ [a]
FIAPRE N 1 3845 22 S R AT Al 5, G b 18 38 1R 4G 50
i IBEAL S T1 0007K 1) & A 56
1.4 £ AEM

AT 5% 38 1 e KM AR AL (Phillips et al. , 2006)
( Maximum entropy ; Maxent ) ¥ & 4% PE47 A 257 A AU
TN A2 b 7 S5 V0 228 IsF 1) 38 X JOT 70 ik e A
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Table 2 Primers used for PCR amplification BRAS BB AR AR % W R B VS LR A0 A L FEAZ Y 2 B
514 IEF8) (5'-3") JZ [JF8 (53" O A RE FEBOR A T B MR AR DL AR )
. Forward s nce Reverse sequenc . .
Priner P T R (www.ovh.ac.en) o 76 K BRI 105
/H /\ N 2La S / AN /\ N
psbA-trnH GTTATGCATGAAC CGCGCATGGTGGA SR AR 35 AW ORI BET 4 A
GTAATGCTC TTCACAAATC (Last Interglacial , LIG , Last Glacial Maximum, LGM ,
sbJ-pet A ATAGGTACTGTAR AACARTTYGARAA

psb-pet CYGGTATT GGTTCAATT Present and Future) 5t F 45 H 19 NS EA &
psbl-psbK TTAGCCTTTGTTT AGAGTTTGAGAGT M WorldClim 45 2 T 28 ( www. worldclim. org) , 43

GGCAAG AAGCAT

HER RSP 3548 — 4 2.5 arc-min (K

®3 ERMHEEAFRENENERMS
Table 3 Variable loci of the aligned sequences of chloroplast DNA fragments haplotypes of Prinsepia uniflora.

i)
A5 G A Haplotypes
Variation locus
HI H2 H3 H4 H5 H6 H7
psbA-trnH 4 4 8 - - T T T T T
psbJ-petA 6 5 5 - E - - E E -
1 0 7 8 A A G G G G G
1 1 2 9 T T T T T A T
1 2 1 1 A A A A A A T
psbK-psbl 1 3 3 2 A A - A A A A
:: —FRR gap; E R TTTTTA,
Note: — means gap; E means TTTTTA.
&® 4 FEZME cpDNA BERMEN S FLERSH (AMOVA)
Table 4  Analyses of molecular variance( AMOVA ) of haplotype frequencies for
populations of Prinsepia uniflora in northern China
o o e R
75 5 K TR B e B ST Ji ;i_ﬁiﬁ S F T [E]I?Hﬁ Significance
- Variance Percentage Fixation index
Source of variation df Sum of squares - test
components of variation ( Fﬂ) (P)
Fif 1] 17 199.034 1.379 70 67.41 0.674 12 0.000 00
Among populations
FiRE DY 127 84.704 0.666 96 32.59
Within populations
Bt 144 283.738 2.046 66 1 060
Total

T df. AME; Fg. FREEAAERATCHE; P RFEMARLR

Note: df. Degrees of freedom; Fg,.. Correlation within populations relative to the total; P. Significance test.

25 km) fil CCSM4, #R 4§ Pearson’ s #5C REL (r>
0.9) 4y 19 MEA R AR 2 FER 5 AT
HERR R 0 9 AR B TR, R

ALK A TE Maxent 3.3.3 4T, W E 2.1 BEMNARELSH
Random test percentage "N 25% , Replicates i 10, X FE A% cpDNA ) 3 4~ F Bt psbA-trnH | psb]-
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petA Fll psbK-psbl HEATH™ 3G W 1) 25 R WoR .3 4
FBAEHH LA 4D A ERAS (RS, &
3 Le X 5 B psbA-trnH  psb]-petA Fl psbK-psb1 3
X518 A B K BE 43 5l oA 495 801,244 bp,iX 3 &
M4k DNA R B 7 50 Pf e 75 — i i 15 21 540
bp MR, — L P50 H 7 b SR B R H (1 -
7) AFTE 5 A s R AR 4 Ahf A B

AFERZ - S A AT B 43 AR B (& 1) AT LR
W T 8 AR LA | RS, S AN 9 A
FRAEEA 2 P fis A AUAE 1 AR PO AE 3 R
Al RLXX (H4 (H5 H6) . 55 HA H BRI B
o BT AL R T R FEAX B A AL 2 oo K
A3, B DL R HA 1 HS SRl i g R
H4 F1 H5 7] PO J& &0, S8 05 i 2 SR A% A H2 | H3
X2 AN K43 A 28, JF B 2 B A B 22 R AUA
—AHESR(E L),
2.2 #EEESHEEMBEEENIN

MF 4 TTLVE W AR NS4S 7 H 5 L
H 32.59% , FRE H) 55t AL AR S N R Y
67.41% , Fp BE 0] & A4 B & B9 ;1L o fk, Fy =
0.674 12(# 4,P<0.001) , i#id PREMUT 72 ¥ 11
AT A SR AR )8 AR 2 HEPE H,(0.796) M T
FRRE N Y3815 ZRE1E Ho(0.276) . WA Y 18 4
TR b, 34 PR (] 35t A% A8 S M A0k R B R
Ny (0.834) WEH T 64,(0.654) (P<0.01), %%
Wow, FER M SRR AR R A B B3 R b B 2
45,
2.3 SEZTEED T

b S R B AR %) AR A AR T 194 93 A1 I 7S B 0 AR
(B 2), KT 3ERFIRELDT T R 2P 5K
PFE, IR A 7 EHK 0.516, i 4E 7=
2ut TEY KA TTHACE ¢, A u=2ukg, it
HPILEE  FRATEOE K E ¢ Jy 3 a,u ALK DNA
4R S A SR IR AS A ) 1 i A R e &
RT3 5l R A 8 R (E . 3 ~ 9% 107 48 5/
15./5F (substitution/site/year) . k 278 ¥ %1 B K B
1540, THEASREIY KA R A 18 614 ~ 8 272
AEHT
2.4 EBAERIS

AL B AL B 25 RS T AR E = A AUC

(the Area Under the Curve) fH (> 0.995) ) 37 5,
RERZ 4 AT 0 7 A o A TI0I ] R A R B T
ZYIFEARNR S EE R TR AERE, SBE
(Present) ()43 45 Y [l AH E, LIG AT LGM I B 3
FEF A I K AR Ak, 53 10 1 0 X 34 7E
W R, R G — kI BTN I
B AR XY R, RN AE R K (2070 4F ) 4% 1 53
A3 R 4/ (L 3)

SR T Bio6 (He¥e H Fe i) Ml Biol5 (K
T ARAL) FEA S 7 FEA A 4 AN R B
B TTERR L HE LIG, Biol5 O STHR 7 43 L ik 3]
T 37.4%(F 4), Ak, Biol6(RIBETFFEKE) |
Biol3 (I H Mk ) Fl Biol4 (#c T H Bk ) 16
PRAE AR K (Future ) FE % 5 A7 XL 5 4 558 5
PIDTER E e (B 4) .

3 Wik 5 &b

AR FE K B FE A% 2 A B 3 R M A R
(Ngy= 0.834 >G4, = 0.654, P < 0.01) , 7 HA &
FHBAE A (Fg = 0.674 12, P<0.001) Fl# A
B FRRE N 4G ZFEE (H = 0.276) , 4> T 728 Skt
57 258 (AMOVA) Y45 IR R | 388 845 48 57
FEUFMBEE WA S, 67.41%, Kk
Ui, FE PRI 09 352 1 45 48 527 3 b 5 Py sl A fige A8 5
IBE R (AN Hh 5 5 1 A5 5 Bk ) DA SR+ 3
g EFHE LR ERNEm, OA W R
WY, FREIE T A AE Y R R T a2 vk 5
(] VK I 79 S S22 28 8 e AN () ke e oy 22 1] ) A B
A SR ZN N 5L o34k, O BLEAR T AR N 1Y 8t 4 £
FEPE (Qian & Ricklefs, 2000 ; Chen et al., 2008 ; Qiu
et al.,2011;Zeng et al.,2015) . &b, FoA17E 5 4h
KPR R, ERMAN ARMEEREZEAE
S3ATAE BT A v S v s VA M DX R A AR A X
BN, VR 1 A AR 1 b A R R Y K
AT RENNIR T FE A% AN [ B A 22 [) 1% 55 PR 2 I TR e
PE A Z W B AR R s b, B4
Jer s, DX 30 1 ) 20 N2 T Bl T R R N b R A
Ry —EEFH

MFERZ BAAE R network 43 BT T Hb 3843 A 2k
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Fig. 1 Map of the 18 sampled populations of Prinsepia uniflora and their chloroplast haplotype distributions and relationships
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Fig. 2 Mismatch analysis of Prinsepia uniflora population  WEMERYFRFELAR AT BE A5 48 17 KW FI A Bk, 1LY
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Ho AT A A TR ) 5 S R 4 A TS ] B Hb 3 X et al.,2009) | &% ( Forsythia suspensa) (Fu et al.,
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Fig. 3 Prediction of the potential distribution of Prinsepia uniflora in four periods
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based on niche modeling

2014) | 3C 5 S ( Xanthoceras sorbifolium ) ( Zhu et
al.,2019) SRR FELE AL, A 5T [ AE S 7

T IR E L I o X () 2 R IR A AR R 4
I 3350 %) L 4 — A M B R RS (1) T o o X T
2 22 SR HUAT ST B8 2wt b s 1) Jr 20 %o 465 DU 42 1)
SAEWE D

SRR T, MR £ A 25 U b X ) o fiE
YA L 2 R R E K A ) R
(Vellend & Geber,2005) . *F F # + 5 X — 4=
MG 553 Ml DX R U, 43 A R X — b X R S AR
RBENIRA 2 RTE . TR R 4% A= S A B Y &5
SR ASTR] 08 iy s B 3 B K R DG Y A 2 DR -
RIHE TR, AR K2R 2 h
FIETRAE TR R 5T, 2 4% 38 A i LA AT fg 2
/N o N2 A AT B B v X R R ) A 8 R
SR ZLA N 0, X — B 4 SRR AR ) R
T I K 48 RS 5 45 7 A% b B st A% 25 A 25 2R 3%
Prwh HAT A st A% o3 Ak K, 9 B 2 A FhiE sy
BT A B SRR LA AL PR, FRATTIN R E
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