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Abstract

Aims Based on the ITS sequences, we aimed to analyze the spatial genetic structure, genealogy relationship, and
species differentiation of the Amygdalus ledebouriana, A. mongolica, A. pedunculata, A. tangutica in China, and
provide data for the future studies on the four species’ genetics and evolution.

Methods The median-joining network and principal coordinate analysis (PCoA) were used to reveal haplotype
clustering. The maximum likelihood method and Bayesian method were used to analyze the phylogenetic rela-
tionships of haplotypes. The “ecospat” package in R 4.0.2 was used to analyze the ecological niche divergence of
four almond species and their environmental drivers.

Important findings The total length of the ITS1-ITS4 fragment after corrected alignment was 634 bp, 27
nucleotide variants detected, and a total of 28 haplotypes were identified. The minimum genetic distance among
the four almond species is greater than the maximum genetic distance within species, and there are significant
genetic differentiations among species. The haplotypes of the four almond species clustered into two branches: A.
ledebouriana, A. mongolica and A. tangutica for one clade, and A. pedunculata for the other. The revealed den-
drogram relationship of haplotype network and PCoA analysis is consistent with the phylogenetic tree. The sig-
nificant niche divergence was observed between A. tangutica and A. mongolica, as well as between A. tangutica
and A. pedunculata, with annual mean temperature, max temperature of warmest month, min temperature of
coldest month and precipitation of warmest quarter as key drivers of niche divergence.
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WL, SnARH; WSH, 73 E; WSM, K& J198; YCQ, Je#ili; YLDI, fidkl; YLD2, fith2; YMBI, #ERE1; YMB2, #K
H2; YMF, Biili2; YMM, Bilil; ZQK, BEIwAEA; ZQL, #1241, ZQX, Al ZTL, FFi B hig ey, ZT™, # /)RR,
ZYS, tR&l .

Fig. 1 Field sampling points of four subgen. Amygdalus wild plants. BEC, Buerjin County; BTE, Group 2 in Daging Mountain;
BTQ, Group 1 in Daqing Mountain; DBL, Group 1 in Téwo County; DBZ, Group 2 in Téwo County; DMB, Group 3 in Damao Ban-
ner; DMD, Group 1 in Damao Banner; DMN, Group 2 in Damao Banner; GQD, Group 1 in Guyang County; GQX, Group 3 in Guy-
ang County; GX, Group 2 in Guyang County; HBK, Habahe County; MZS, Mazong Mountain; SPQ, Songpan County; TBB, Group
2 Tacheng City; TBT, Group 1 Tacheng City; TLB1, Group 1 in Toli County; TLB2, Group 2 in Toli County; WD, Wula Mountain;
WG, Ugai Sumu Township; WLB, Dam Mouth; WLJ, Wujiahe Town; WSH, Suhaitu; WSM, Damaili Furrow; YCQ, Longshou
Mountain; YLD1, Group 1 in Yulin City; YLD2, Group 2 in Yulin City; YMBI1, Group 1 in Yumin County; YMB2, Group 2 in Yumin
County; YMF, Group 2 in Yinshan Mountains; YMM, Group 1 in Yinshan Mountains; ZQK, Tukemu Gazha; ZQL, Helan Mountain;

ZQX, Zhugqu County; ZTL, Temowula Gazha; ZTM, Su Litu Gazha; ZYS, Qilianshan Mountain.
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BriE, JFFIHMEGA-X#ET# & (Librado & Rozas,
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Fig. 2 Geographical distribution and the haplotype network of 28 haplotypes (R1-R28) of four subgen. Amygdalus wild plants. The
population field sampling point codes in the figure are consistent with the ones in Fig. 1. Pie graphs indicate the frequency of each
haplotype of these populations. A, In the median-joining haplotypes network, the sizes of the circles in the network are proportional
to the haplotype frequencies. Branch lengths are roughly proportional to the number of mutation steps between haplotypes and nodes; the
true number of steps is shown near the corresponding branch sections. Padus racemosa and Amygdalus davidiana was used as outgroup.
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Fig. 3 Genetic distance among four subgen. Amygdalus wild 2006 —0.03 0 0.03 0060010 %

plants based on ITS sequences.
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Fig. 4 Plots of the first three coordinates of the principal co-
ordinates analysis (PCoA) at the population level for four sub-

gen. Amygdalus wild plants.
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Fig. 5 Haplotype phylogenetic trees of four subgen. Amygdalus wild plants based on ITS sequences. A, Maximum likelihood (ML)
tree. Bootstrap values equal to or greater than 70 are shown above the corresponding branching points. B, Bayesian tree. The values
on the right of the branching points represent the posterior probability greater than 0.70; the brackets on the right of the two phyloge-
netic trees indicate the corresponding subclades of the four species.
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Fig. 6 Ecological niche differentiation and the contribution of driving factors of four subgen. Amygdalus plants. A—F, Visualization
of ecological niches. The green colour depicts the niche space of the first species, red of the second species and the overlapping range
is shown in blue. D is the ecological niche overlap score. G, Driver factors principal component analysis. The arrow depicts the direc-
tion of correlation (same direction indicates a high correlation). Biol, annual mean temperature; Bio4, temperature seasonality (stan-
dard deviation x 100); Bio5, max temperature of warmest month; Bio6, min temperature of coldest month; Biol5, precipitation
seasonality (coefficient of variation); Biol7, precipitation of driest quarter; Biol8, precipitation of warmest quarter. The numbers in
brackets after the environmental factors are the contribution rankings.
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JEAEYD, % Pk AP B R Bk 5 Bk (Prunus persica).
H-Hk(Prunus persica ‘Zi Ye Tao’). LLiBkZEmk @i
Y53 99 B A BOE 2R 2 5% & (Yazbek & Oh, 2010,
2013; HE1L°F, 2015). ASHEF TR B4R AR bk 5
AN G L BRI 2 1] 1) SR 2 e TR R R IR
(El1, B3, El4). 4Fbmpk Rl 5 F R ms
LR AN 2= SR S G AT R 2t A B R TR
BZEF(ATHR, 1986). 4P RHEIIPCoATI RGK B
SINTIRA, HrERET k. S Rk, THRE Rk
B2 % 0 RAN G, TS5 KA Bk RS 408 R
FEX G (B4, ES)o BT A bR i AT S REAE AT Bk
W8RG KB B ARIE R 1 AR i Bk AN At 3 Fof
i Mk IR 55 21 5% 2 A X 8z (Delplancke et al., 2016).
MG ERIZ A b, HsR B bk, St bk 78RR
PR3N AR 16 56 e tdhs, KA bk o1 54496
SAEAR(FE LT, 2015). MREEHEYH A5k R 2%
PRIEAC IR, 20 A5 X AR R 2 A B AR A K
A i R AR A T RE AR i Bk b S5 AR R B M Bh (2R TS T,
2001; Yazbek & Oh, 2013).
32 MMEHNERDMUEESMAS L

AFRAE )PP A) A7 AE 2 35 1) 38 A% 20 AL (B13), XA

RE 50T X L PR B A R R . B =4
PASK, 4R bk oA X N R A T 2 i A4k,
Ky BE2 L. Phlis RS IR TRBET, &
IRPEE R BRI, g DB S
LAV SRS Yk, R ARG T 4P E
YA () FF A2 T F b 2R RS 25 5 M) Fh 4 A (Ma et al.,
2019). [RIET, PRBESF T AT 51 R A R4 AT AL 1A
B R AN, 315 80U 18 A AR S 1 22 e A )
HRIAEEIE N 4> 1k (Zhang et al., 2020). 454 i BELE K
WA R, BT A XK IR AR ) 22 e, BT
NIRRT RA . A R AR R R A R, T ELAH
RIHAERE . i TERRSETEAS A T B R A
T SHEGE— 2, 1995; HELREE, 2008).

A J Bk ol ) 340 47 7E — 58 AR S AL 4 16 (B 6),
RFESEEEDF IR TR R T —E rE
o BroE mbk. b mbk. A pk R 78 Bk
I3 X AR 22 S, 2 o R s KR R
R B L FEIR S KB AR T R T R AKX,
TEAEPRIR. FERKE. LA, H R E &L+
R TT M BIAEAE — € 22 (M SLFN S, 2014), 77
A X A 25 Hh B A 85 1 S5 3 22 R R T 4R R AR A A
A, ATV AN 5 9 ANEEAR S VR AR
W /INEEAR T3 A /ANER o P BE bk 5 5 R Bk,
DA 55 KA i ik 2 [ AR 257 0 A 25 4 3 (1 6) o ]
AEASALI AL I8 BT PR S PR AR S AT RN S
15 /) 5> 4k,(Warren et al., 2008) . 75 HE ik 72 F. Fl e —
oA TR T RN, AR S mARS S5
Jie AN Ji B A7 BE 5 22 5 (OF SC B, 2018) 0
SR, DA S WAk v R 5 R K B R R K )
T VR k5 5 bk Ak ) 2R A7 A
5)o 3tk 3 A IX 1) B iR 2 B 71T il P AR R 3
K, 6 B i Bk o A X P AT 24 AR Y R AN B K
Bl 5% H R (5-9 C; /NT 170 mm)FlHK AR i Bk
(7-11 C; 330-450 mm)AHLL, HHIXTER(7-12 C;
500-800 mm; FHEESE, 2012). A4k, HIEE Bk
i X WAFTE2N AT SR T R #2243
BUFNSAGR AR I AR A5 L (R, 2008), X A]
870 1 5 52 ot Ak A e Bk e 2 A R AR RS A, BA
T 6 R e bt o 2B I A A AP — R

B3 3k
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