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Abstract 
 The present studies were conducted to assess the genetic diversity and to infer population structure of 
220 individuals of Indigofera kirilowii from 8 natural populations of Shandong province, north China, using 
amplified fragment length polymorphism (AFLP) markers. A total of 1589 AFLP bands were produced, of 
which 99.87% were polymorphic. High genetic diversity was considered (H = 0.1401; I = 0.2346), with high 
genetic differentiation (GST = 0.1058), while estimates of gene flow (Nm) were high in all analysis. No 
correlations were observed between geographic location and genetic diversity (r  = –0.0901; p = 0.3293). 
Based on the results, here a strategy for the conservation of I. kirilowii germplasm was proposed. 
 
 Indigofera kirilowii Maxim. ex Palibin is one of the native tree species with important 
medicinal and landscaping value, which mainly distributes in the northeast and north China. 
Previous studies on I. kirilowii are only limited in chromosome (Wang and Xu 1994), chemical 
constituents (Su et al. 2006, Lv et al. 2009, seedling cultivation (Deng et al. 2008), seeds 
germination (Zhao et al. 2013), urban landscaping (Ji 2011) and comprehensive utilization (Xu et 
al. 2016). However, no research about the genetic diversity and population structure of I. Kirilowii 
has been reported. Assessment of genetic diversity and population structure of the species is of the 
great necessity for utilization and protect I. kirilowii resources. Because of environmental 
destruction by human disturbance and over development caused a sharp decline in natural 
populations of I. kirilowii. Therefore, it is very necessary to take some adoption of effective 
conservation strategy for this species. 
 Amplified fragment length polymorphism (AFLP) is a kind of quite effective molecular 
marker technique, which has been widely applied in assessing the genetic diversity and population 
structure among endangered species (Vos et al. 1995, Cires et al. 2013). AFLP markers were 
applied in this study to assess the genetic diversity and population structure of 220 I. kirilowii 
germplasms from 8 different populations to provide certain theoretical evidences for utilization 
and conservation of natural I. kirilowii resources. 
 Young leaves were collected from 220 I. kirilowii individuals from 8 different populations of 
Shandong province, north China. The geographic locations of sampling sites are shown in Fig.1, 
and the details are presented in Table1. The number of samples per populations varied from 8 to 
54. The collected leaves were stored with silica gel in zip-lock bags until DNA extraction. Total 
genomic DNA was extracted from dried leaf tissues following the modified Doyle (1987) CTAB 
method. All the experimental operations were carried out in key laboratory of silviculture in 
Shandong province, Tai'an. 
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 AFLP analysis was carried out by a justified protocol described by Vos et al. (1995). In brief, 
genomic DNA was digested with PstI and MseI restriction endonucleases. Eight primer 
combinations with high and stable polymorphism selected from 64 combinations were employed 
for the generation of markers: P-GAC/M-CAA, P-GAC/M-CAC, P-GAG/M-CAA, P-GAG/M-CAG, 
P-GAG/M-CTT, P-GTG/M-CAA, P-GTG/M-CTA, and P-GTG/M-CTG, where P represents 5’-
GACTGCGTACATGCA-3’ and M represents 5’-GATGAGTCCTGAGTAA-3’. AFLP data were 
generated using Gene Mapper software of ABI PRISM 37 DNA sequence and scored as “1” 
(presence of fragment) and “0” (absence of fragment). The genetic diversity parameters (Wang et 
al. 2015) were computed using POPGENE v.1.31 (Yeh and Boyle 1997). Two cluster analysis 
using the unweighted pair group method of arithmetic averages (UPGMA) were performed with 
the program NTSYS-pc2.10e (Rohlf 1987): a population level analysis based in In, and an analysis 
of individuals based on Dice’s similarity coefficient. The mantel test of the genetic and 
geographical distance correlation was calculated using NTSYS-pc2.10e. 

 

 
Fig. 1. Geographic location of the eight sampled I kirilowii populations in Shandong province, China. JN = 

Jinan; LY = Linyi; QD = Qingdao; RZ = Rizhao; TA = Tai'an; WH = Weihai; YT = Yantai and ZB = 
Zibo. 

 
 Eight primer combinations with clear bands, strong polymorphism and favourable 
repeatability were selected from 64 combinations to evaluate and characterize the 220 sampled I. 
kirilowii individuals. These primers generated 1589 bands, of which 1587 (99.87%) were 
polymorphic (Table 1), showing that the I. kirilowii exhibited a high level of polymorphism. The 
number of polymorphic bands per population ranged from 85 (43.05%) in RZ to 149 (75.05%) in 
TA, with an average of 198 (58.25%). Overall, genetic diversity (H) and Shannon’s information 
index (I) reached 0.1401 and 0.2346 at the special level respectively, with an average of 0.1238 
and 0.2000 at the population level. The genetic diversity values found in this study were similar to 
other studies based on AFLP markers which focused on endangered species in Shandong 
province, north China (Wang et al. 2012, Wang et al. 2015). The analysis of correlation indicates 
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that genetic diversity was significantly influenced by the population size (r = 0.916), since the 
large populations exhibited higher genetic diversity value (H) compared with small populations. 
Among the 8 analysed populations, TA was the highest genetic diversity (H = 0.1487), while QD 
was the lowest one (H = 0.1039), which may be related to the different growth situations of these 
two populations. The individuals of population TA were thriving, which may maintain more 
genetic diversity. However, the population QD has been damaged by human disturbance and over 
development, which may be an important factor for resulting in low genetic diversity. 
 
Table 1. Details of sampling locations and genetic diversity of I. kirilowii germplasm. 
 

Population Latitude 
(N) 

Longitude 
(E) 

Elevation 
(m) S P (%) H I 

JN 36°29′ 117°03′ 376 22 113(56.94) 0.1258±0.1650 0.2020±0.2381 
LY 36°03′ 118°26′ 418 30 125(63.05) 0.1252±0.1607 0.2042±0.2306 
QD 36°12′ 120°07′ 345 16 86(43.33) 0.1039±0.1574 0.1658±0.2310 
RZ 35°41′ 119°20′ 467 8 85(43.05) 0.1178±0.1642 0.1858±0.2415 
TA 36°01′ 116°54′ 462 37 149(75.05) 0.1487±0.1650 0.2426±0.2323 
WH 37°02′ 121°57′ 325 35 125(62.75) 0.1226±0.1608 0.1994±0.2313 
YT 37°18′ 121°48′ 387 54 146(73.46) 0.1325±0.1575 0.2186±0.2254 
ZB 36°30′ 118°12′ 389 18 96(48.37) 0.1137±0.1610 0.1819±0.2350 
Average    - 115(58.25) 0.1238±0.1615 0.2000±0.2332 
Species level    220 1598(99.87) 0.1401±0.1574 0.2346±0.2192 

 

S, samples size; P, polymorphic bands; H, Nei’s gene diversity; I, Shannon’s information index. 
 

 The mean overall genetic diversity (HT) of the eight population and the mean genetic diversity 
within populations (HS) were 0.1385 and 0.1238, respectively. The mean coefficient value of 
genetic differentiation among populations (GST) was 0.1058, which indicates that the genetic 
variations within and among populations were 89.42% and 10.58%, respectively. Gene flow was 
one of the important factors which influenced the degree of genetic variation among natural plant 
population, and the average gene flow value of hybrid species is 3.5 (Levin and Kerster 1974, 
Chen 1996). Populations with higher gene flow tended to have lower genetic differentiation. The 
estimated extent of gene flow (Nm) among populations was 4.2904 based on the measured GST 
values, which suggested the existence of strong gene exchange among populations. The mixed-
mating system may serve as an important factor that affects the population differentiation of I. 
kirilowii. 
 The genetic similarity coefficient between 220 I. kirilowii germplasm ranged from 0.1879 
(between LY07 and LY08) to 0.8328 (between WH09 and TA21), with an average of 0.5528. 
Among populations, Nei’s unbiased genetic identity (In) ranged from 0.9750 (between QD and 
ZB) to 0.9932 (between WH and YT), with an average of 0.9844. The genetic distance of the eight 
populations ranged from 0.0068 (between WH and YT) to 0.0254 (between QD and ZB), with an 
average of 0.0158 (Table 2). A UPGMA dendrogram of genetic relationship among the eight 
populations was constructed based on Nei’s genetic distance. As shown in the dendrogram in 
Fig.2, populations WH and YT with nearest geographical distance (33.89 km) between them were 
grouped into a cluster firstly, then gathered together with populations JN, TA, LY, RZ, and finally 
with populations ZB and QD. However, for populations TA and WH, despite the farthest 
geographical distance (466.33 km) between them, their genetic distance was not the largest. This 
suggested that genetic distance was not strictly related to geographic distance among these eight 
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populations (Wang et al. 2015). The Mantel’s test revealed no correlation between genetic 
differentiation and geographic distance (r = -0.0901; p = 0.3293).  
 

Table 2. Pairwise geographical distance (in km) and genetic distance between eight populations of I. 
kirilowii (above and below diagonals, respectively). 

 

Population JN LY QD RZ TA WH YT ZB 
JN **** 118.68 276.00 223.99 52.95 442.13 433.67 102.94 
LY 0.0123 **** 167.28 105.34 333.07 348.41 346.55 50.38 
QD 0.0227 0.0202 **** 90.36 289.43 188.81 194.88 174.25 
RZ 0.0178 0.0117 0.0225 **** 223.19 278.22 285.24 136.55 
TA 0.0118 0.0120 0.0245 0.0160 **** 466.33 461.28 128.34 
WH 0.0174 0.0132 0.0181 0.0148 0.0144 **** 33.89 340.73 
YT 0.0119 0.0113 0.0134 0.0123 0.0109 0.0068 **** 333.73 
ZB 0.0148 0.0171 0.0254 0.0187 0.0178 0.0183 0.0141 **** 

 

 
Fig. 2. UPGMA dendrogram of I. kirilowii populations based on AFLP data. 

 

 The utilities of genetic diversity analysis by AFLP markers in wild plant species conservation 
were widely reported (Wu et al. 2014, Wang et al. 2015 and Silva et al. 2016). Maintaining 
genetic variation is the major objective and guide in endangered species conservation plans 
(Schaal et al. 1991, Avise and Hamrick 1996). This study showed that I. kirilowii maintained 
relatively high genetic diversity, and our field survey revealed that the reason for the endangered 
status of I. kirilowii may be human disturbance and over development, rather than the lack of 
overall genetic diversity (Yang et al. 2016). So, in situ conservation measures are supposed to be 
adopted firstly. Some populations with more abundant germplasm resources, e.g. TA and YT, 
should be given high priority in in situ conservation. Meanwhile, some populations with weak 
growth and low polymorphism level, e.g. QD and RZ, should be expanded and updated by 
artificial cultivation, with individuals or offspring from populations TA and YT properly 
introduced to increase genetic diversity. 
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