ChinaRxiv [$X]

AT translation - View original & related papers at
chinarxiv.org/items/chinaxiv-201805.00517

Latitudinal variation in plant nuclear DNA con-
tent at the global scale and its significance for
climate adaptation: a case study of Asteraceae
(Postprint)

Authors: dream interpretation, Yu Jing, Guo Shuiliang

Date: 2018-05-29T00:00:00+00:00

Abstract

Nuclear DNA content is an important biological concept that encompasses DNA
C-value and genome size. Previous studies have reported contradictory findings
regarding the variation patterns of plant nuclear DNA content along latitudinal
gradients, with most describing the relationship between nuclear DNA content
and factors such as latitude, altitude, and climate as linear. Whether nuclear
DNA content holds significance for environmental adaptation remains contro-
versial. These contradictory reports on the relationship between nuclear DNA
content and environmental factors may be attributed to small sample sizes, nar-
row geographic ranges, and substantial differences in the genetic background
of study subjects. If a taxonomic group with similar genetic background is
sampled globally, nuclear DNA content may exhibit regular latitudinal gradient
variation, potentially showing non-linear relationships with major climatic fac-
tors. Asteraceae (Compositae) is the largest family of angiosperms and a widely
recognized natural taxonomic group. To reveal the variation patterns of plant
nuclear DNA content along latitudinal gradients at a global spatial scale and to
assess whether such variation has environmental adaptive significance, statisti-
cal analyses were conducted on the relationships between nuclear DNA content
and latitude and bioclimatic factors using Asteraceae as the study system. Nu-
clear DNA content data for 822 Asteraceae species were retrieved from the
“Plant DNA C-values Database” ; globally, 10 transects were established along
the longitudinal direction, each spanning 15 degrees of longitude, with each tran-
sect further divided into 22 blocks spanning 7.5 degrees of latitude each; second,
data for 14 bioclimatic factors for the period 1950-2000 were downloaded from
the “WorldClim” website, and ArcGIS 9.3 was used to obtain the average values
of the 14 bioclimatic factors for each block; based on records from the “Global
Biodiversity Information Facility” (GBIF), the average nuclear DNA content
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data for Asteraceae plants in each block were calculated. To avoid the impact
of multicollinearity among climatic variables on data analysis, principal compo-
nent analysis was applied for dimensionality reduction. Mean temperature of
the coldest quarter and precipitation of the driest quarter were found to be the
factors with the highest loadings on the first and second principal components,
respectively. After removing other climatic factors with correlations between
-0.7 and +0.7 with them, three variables—mean temperature of the coldest quar-
ter, precipitation of the driest quarter, and precipitation of the wettest month—
were retained for further data analysis. The results revealed that nuclear DNA
content, of Asteraceae plants across the 10 global transects was closely related
to latitude, and exhibited highly significant unimodal non-linear relationships
with mean temperature of the coldest quarter, precipitation of the driest quar-
ter, and precipitation of the wettest month, which could be fitted with binomial
equations. Therefore, at a global spatial scale, plant nuclear DNA content shows
regular non-linear variation along latitudinal gradients, and this variation holds
strong climatic adaptive significance.
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Abstract

Nuclear DNA amount is an important biological concept that includes DNA C-
value and genome size. There are conflicting reports about latitudinal variation
patterns of plant nuclear DNA amount. Relationships of plant nuclear DNA
amount with latitude, altitude, and climatic variables have been reported as
linear. Disputes also exist as to whether nuclear DNA amount of plants is of en-
vironmental adaptation significance. We speculated that the conflicting reports
were due to insufficient sampling of the taxa, limitations in the geographical
range, and different genetic backgrounds of the samples. Asteraceae is not only
the largest family within angiosperms, but also a widely accepted natural taxa.
To clarify the latitudinal variation patterns of plant nuclear DNA amount on a
global scale, and to explore the possible climatic adaptation significance of these
patterns, we conducted a study with Asteraceae to analyze the relationships of
nuclear DNA amount with latitude and bioclimatic variables. First, we obtained
the data of nuclear DNA amounts of 822 species of Asteraceae from the Plant
DNA C-value database. We selected ten global longitudinal transects, each with
a span of 15 longitudinal degrees, and evenly divided each transect (from 82.5°N
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to 82.5°S) into 22 blocks. We obtained geographical records of the 822 species
from the Global Biodiversity Information Faculty, together with fourteen biocli-
matic factors within these blocks from the Worldclim Global Climate Database.
We calculated the average DNA 1C-values and genome sizes of each species in
each block. To avoid multicollinearity among the fourteen climatic variables,
we performed principal component analysis (PCA) to reduce the dimensionality
of the variables. We found that the mean temperature of the coldest quarter
and the precipitation of the driest quarter had the highest loads in the first two
principal components. The climatic variables with low correlation coefficients
(-0.7 to 0.7) with the above two variables were included in the analyses. We
found that the nuclear DNA amounts of Asteraceae had a regular latitudinal
variation that could be expressed by polynomial functions. The relationships
of nuclear DNA amount with the mean temperature of the coldest quarter, the
precipitation of the driest quarter, and the wettest month were typically non-
linear with a unimodal pattern, and could be expressed by binomial equations.
Therefore, on the global scale, plant nuclear DNA amount changes regularly on
latitudinal gradients, which has distinct climatic adaptation significance.

Keywords: Asteraceae; nuclear DNA amount; DNA C-value; genome size;
nonlinear relationship; latitude; bioclimatic variable

Introduction

Genome size [1], or the DNA C-value, refers to the amount of DNA in an un-
replicated gamete nucleus of a species. The genome size of a species equals its
C-value divided by its ploidy level. The traditional view holds that DNA C-value
is highly constant for a species (with ‘C’ representing ‘constant’ ) [2]. However,
with deeper research, it has become clear that DNA amount shows tremendous
variation not only between species but also among closely related taxa [3], and
holds significance for biogeography and ecological adaptation [4]. Some major
worldwide weeds have smaller genomes than other plants, with malignant weeds
having smaller genomes than general weeds [3]. Bennett and Guo Shuiliang et
al. found that invasive plants within China’ s angiosperms often have smaller
C-values than their non-invasive relatives [5-6]. DNA C-value shows positive
correlation with altitude in some taxa, and regular variation with rainfall dif-
ferences, suggesting adaptation to climatic conditions [7]. This is considered an
important cause of niche differentiation. For example, compared with birds, am-
phibians show great variation in DNA content among species, which is related
to their highly diverse habitats [8]. Similar patterns exist among higher plant
taxa, with even greater differences in nuclear DNA content [9]. However, conclu-
sions about relationships between nuclear DNA content and geographic/climatic
factors are inconsistent. Early studies reported positive correlations between nu-
clear DNA content and latitude [9], while Grime and Mowforth found negative
correlations between DNA C-value and latitude in the British flora [10]. Raza-
finarivo et al. found that DNA C-value in Madagascar coffee trees increased
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from north to southeast, and across the African continent from east to west [11].
Bottini et al. found that in Berberis diploid species, taxa with small DNA con-
tent tended to distribute in high-rainfall, low-productivity high-altitude regions,
while those with high DNA content tended to distribute in mid-altitude forests
with long growing seasons and high water availability [12]. Other studies found
no correlation between nuclear DNA content and environment [13-14]. In most
early literature, relationships between DNA content and latitude were described
as linear. However, Knight and Ackerly, through quantile regression analysis
of California flora, speculated that non-linear relationships might exist between
nuclear DNA content and environmental factors [15]. Li Dandan et al. found
that barnyard grass populations across China could be fitted with unimodal
functions [16].

1. Data Sources

Nuclear DNA content data for 822 Asteraceae species were obtained from the
Angiosperm DNA C-value database [18]. Genome size was calculated as C-
value divided by ploidy level. Among the retrieved species, those with ploidy
information were used to calculate genome size.

To quantitatively analyze the effects of latitude, longitude, and climatic factors
on nuclear DNA content in Asteraceae, we established ten global longitudi-
nal transects, each spanning 15° of longitude: 90°-75°W, 75°-60°W, 60°-45°W,
0°-15°E, 15°-30°E, 30°-45°E, 75°-90°E, 90°-105°E, 105°-120°E, and 120°-135°E.
Transects 1, 2, and 3 covered Asia and Oceania; transects 4, 5, and 6 covered
Europe and Africa; and transects 7, 8, and 9 covered North and South America.
Each transect was evenly divided into 22 blocks spanning from 82.5°N to 82.5°S,
with each block covering 7.5° of latitude.

Species geographic distribution data were obtained from the Global Biodiversity
Information Facility (GBIF, www.gbif.org). Bioclimatic data were downloaded
from the WorldClim Global Climate Database (http://www.worldclim.org) at
30 arc-seconds resolution (~86 km? per grid cell). Fourteen bioclimatic variables
(Table 1) were extracted for each block using ArcGIS 9.3 and averaged across
each block.

2. Statistical Analysis

First, we identified Asteraceae species with nuclear DNA content data in each
block. Only blocks containing more than one species were used for statistical
analysis. We calculated the mean DNA C-value, genome size, and their standard
errors for Asteraceae species in each block.

Pearson correlation analysis was conducted with the mean bioclimatic factor val-
ues for each block as independent variables and DNA C-value as the dependent
variable. We found non-linear relationships between DNA C-value and most cli-
matic factors. Further calculation of correlations among the 14 climatic factors
revealed high correlations between some factors, suggesting multicollinearity.
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Therefore, conventional multiple stepwise linear regression was not used for
variable selection.

To avoid the impact of multicollinearity among climatic factors on data analy-
sis, we first applied principal component analysis (PCA) to reduce dimensional-
ity. We selected the climatic factors with the highest loadings on the first two
principal components, then removed climatic factors with Pearson correlation
coefficients between -0.7 and 0.7 with these key factors. The best-fitting func-
tions were applied to reflect relationships between climatic factors and DNA
C-value. Before fitting, each climatic factor was range-standardized to make
their variation ranges comparable. XLSTAT software was used for analyses.

3. Results

3.1 Variation Range of Nuclear DNA Content in Asteraceae Among
the 822 Asteraceae species, the maximum DNA 1C-value was 26.15 pg (Senecio
pendulus) and the minimum was 0.19 pg (Leontodon), with a variation range of
0.40-4.11 pg. The largest genome size was 8.5 pg and the smallest was 2.23 pg.

3.2 Latitudinal Variation Trends Across Ten Transects Nuclear DNA
content showed a decreasing trend with increasing latitude northward from the
equator. The latitudinal variation of nuclear DNA content across the ten tran-
sects is shown in Figure 2. The relationships between DNA 1C-value, genome
size, and latitude could be fitted with polynomial functions, reaching significant
or highly significant levels. In the first transect, the relationship between DNA
C-value and latitude also conformed to a quadratic function.

3.3 Effects of Climatic Factors on Transect 5 PCA of the 14 climatic
factors across the 22 blocks of transect 5 showed that the first two principal
components explained 28.6% and 58.9% of the total variance, respectively (Ta-
ble 2). The first principal component primarily reflected temperature factors,
with mean temperature of the coldest quarter having the highest loading (C7).
The second principal component primarily reflected precipitation factors, with
precipitation of the driest quarter having the highest loading (C12).

We selected mean temperature of the coldest quarter, precipitation of the wettest
month (C9), and precipitation of the driest quarter for further analysis. Fitting
revealed that binomial equations better described the relationships between
these three climatic factors and DNA C-value than linear relationships (Fig-
ure 3). All three factors significantly affected Asteraceae nuclear DNA content,
showing significant unimodal non-linear relationships.

To compare the relative influence of the three climatic factors on DNA C-value,
we standardized them to the same scale and fitted DNA 1C-value against the
three factors. The results showed that mean temperature of the coldest quarter
had the greatest influence on DNA C-value (range = 0.75, SD = 0.24), followed
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by precipitation of the driest quarter (range = 0.49, SD = 0.15), while precipita-
tion of the wettest month had relatively smaller influence (range = 0.40, SD =
0.13). In terms of climatic conditions, blocks with moderate climate conditions
tended to have higher DNA C-values, which decreased regularly as conditions
moved toward extremes (Figure 4).

4. Discussion

While many studies have reported that nuclear DNA amount affects plant geo-
graphic distribution and ecological adaptation, the relationship between nuclear
DNA amount and latitude/climatic factors remains controversial, with reports
of positive correlation, negative correlation, or no correlation. Most studies
have described these relationships as simple linear relationships. We speculate
that contradictory reports may arise from: (1) study objects lacking consistent
genetic backgrounds, (2) narrow sampling ranges, and (3) oversimplification of
relationships as purely linear, which may also contribute to contradictory con-
clusions [15].

Li Dandan et al. found that barnyard grass populations across China could be
fitted with unimodal functions [16]. Using the entire Asteraceae family with
nuclear DNA content data, this study confirms on a global scale that nuclear
DNA content shows regular non-linear variation with latitude [16]. Among
the climatic factors, precipitation of the driest quarter and precipitation of the
wettest month showed clear unimodal curves with DNA C-value. While DNA
C-value appeared to decrease monotonically with decreasing mean temperature
of the coldest quarter, binomial fitting of this relationship yielded predicted
values significantly correlated with observed values at the 0.001 level, with much
better fit than linear models (R? = 0.638 vs. 0.562), showing clear unimodal
characteristics.

Levin and Funderburg compared DNA 4C-values of temperate and tropical
plants, finding temperate species averaged 27.06 pg while tropical species av-
eraged only 12.13 pg [9]. However, they argued this pattern was not universal
and resulted from geographic replacement of lineages with different DNA con-
tent during evolution rather than environmental adaptation, suggesting DNA
content variation lacks climatic adaptation significance. In contrast, this study
found three bioclimatic factors significantly affected Asteraceae nuclear DNA
content, with unimodal functions well explaining these relationships. Li Dan-
dan et al. also found within-species DNA content variation was significantly
affected by climatic factors [16], indicating this index has clear ecological adap-
tation significance.

However, this study found that blocks at or near the equator showed decreas-
ing Asteraceae nuclear DNA content trends, with smaller genomes [19]. This
pattern was particularly evident in certain transects and may relate to niche
breadth. Bennett found tropical species often inhabit narrow climate ranges
[19]. Stebbins argued that compared to temperate species, tropical species re-
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quire fewer genes due to stable environments [20]. Temperate plants have wider
niches due to duplicated structural genes, increasing nuclear DNA content. How-
ever, toward the poles, nuclear DNA content also decreases due to shortened
growing seasons or uniform environments [21]. Unimodal models are commonly
used to explain species distribution-environment relationships [22], and Vidic et
al. argued large-genome plants are unsuitable for extreme environments [21].

A species distributed from temperate to tropical zones typically has optimal
growth regions with corresponding climatic conditions, morphological traits, and
nuclear DNA content, theoretically fitting unimodal models. How does nuclear
DNA content affect plant morphology? Previous studies show small-DNA plants
have higher seedling growth rates [23-24], increased leaf mass per area, higher
cell division rates, and enhanced metabolic rates [25]. Nuclear DNA content
affects cell size and weight through both genetic and physical mechanisms, with
additive nuclear type effects extending to multicellular tissue structure size and
development rates [26]. Strong positive correlations exist between genome size
and cellular phenotypes such as guard cell length and epidermal cell area [26],
giving theoretical significance to the ecological adaptation value of nuclear DNA
content [16].

Asteraceae is a worldwide large family and a relatively natural taxonomic group
with consistent genetic and evolutionary backgrounds. Data analysis across
global transects gives our results certain universality. However, as a highly
diverse plant group, whether these geographic variation patterns and climate re-
lationships are universal across higher plants requires further research in more
taxonomic groups. Due to data limitations, this paper mainly analyzed latitudi-
nal variation in Asteraceae nuclear DNA content and its climatic factors. Rela-
tionships between nuclear DNA content and longitude/altitude factors globally
are topics for future research.
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Table 1 Fourteen bioclimatic variables
Figure 1 [Figure 1: see original paper| Location of ten transects

Figure 2 [Figure 2: see original paper| Variation of nuclear DNA content of
Asteraceae species across ten global latitudinal transects

Figure 3 [Figure 3: see original paper] Influences of three climatic factors on
DNA 1C-values of Asteraceae on Section 5

Figure 4 [Figure 4: see original paper| Comparison of influences of three cli-
matic factors on DNA 1C-values of Asteraceae on Section 5

Note: Figure translations are in progress. See original paper for figures.
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