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Application of R language graphics in biological research

LAN Yang, HE Xiu, ZHU Cheng-xu, ZHANG Yu-juan

(College of Life Sciences, Chongqing Normal University, Chongqing 401331, China)

Abstract: The R programming language offers powerful statistical analysis, data

processing, and visualization capabilities, which can run on Windows, Linux, and Mac

operating systems; the software allows users to show scientific research data through

graphics by writing new code or adjusting existing code. However, it is difficult to learn

R’s programming code and use R packages, so R is not commonly favored by novices

in the scientific research community. Based on the context of bioscience fields and data

from published papers, public databases, and the National Bureau of Statistics, this

study demonstrates how to plot high quality maps, heat maps, functional networks, Venn

diagrams, and column charts using R, R Studio, and R-packages. To facilitate the use

of R, we offer detailed scripts for biological researchers. After comparing R with other

graphing software, this study provides good examples and discussions of how to reasonably
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and intuitively present results in biological research. We hope R will become the preferred

plotting tool for elementary biological researchers in their learning and research activities.

Keywords: map; heat map; functional network; Venn diagram; column chart; R

language

0 Ú ó

�
�\�ß��*/�N)Ô�ÆïÄ¥�(J, Ø©¥Ï~¬òêâÜnþz?

n�±�¤ã�. R �ó���«õU5?§�óoäÚO©Û!êâ?nÚ�Àz±ã

n�õU[1]. R �ó�Ù¦êâ?n!©Û�±ãóäØÓ, Ù3äNö���±�t/?

�#�è½N�Ù¦^r��è, ·AA½��ï¯K±¢y^r�±��¦[2], àwã�

±���Æ5�#L5. ÏdÜnÝº¿¦^ R �ó3)Ô�ÆïÄ¥?1±ã, Ø=´

Ø©¥�Æ5Æ�«��Àz�y, ��±r?)Ô�ÆïÄ¥�Æâ�6. ã/±��

�´<aÐ«êâ!)º5Æ�­�Ãã. �XCc5�ÆEâ�×�uÐ, ã/±�^

��ØämuÑ5, ~X^� OriginPro[3]
!SigmaPlot[4]!Microsoft Excel Ú SPSS[5]�þ�

±����*�¥þã. ,
ù
±ã^��õ�A^uÎ/ã!ò�ãÚÑ:ã�{ü

ã��±�, 39ã!/ã�AÉ5!E,5�p�ã�±�þw�P:�·. g 1992 c

Ross Ihaka Ú Robert Gentleman mu R �ó±5[6], A^ R �ó±ã®²Ñy3à�[7]
!)

�Æ[8]
!�ÔÆ[9]

!JwïÄ[10-12]
!��[13,14]

!)nÆ[15]Ú«+¢D[16]�¯õ+�. 3¢

S� R �óÆSA^�, �,®kÜ©XÚ0� R �ó±ã�Ö7, X An Introduction to

R[1]
!R (programming language)[17]Ú An Overview of the R Language[18]�, �SN�,!

q�, ØU
¯�;�/�¤)Ô�Æ+��±ã. ,��¡, 3 R �óA^)Ô�Æï

Ä±ã�Ø©¥, �õ�é,�aã�, X�/ã[19]
!Î/ã[20]�; Ü©8¥3,�ïÄ

�¡, X�a[21]
!���Ä�uÿ[22]

!�ÉL�ÄÏuÿ[23]ÚY©ýÿ©Û[24]�, �vk

XÚ/0� R �óA^u)Ô�EØ©±ã�¡�©Ù. R �ó�¤±õUr�´Ï�ä

kêþ¯õ�	
 R-package(R *Ð�), �� 2017 c 3 � CRAN(Comprehensive R Archive

Network)�¹ R-package ®�L 10 320 �[25]. ØÓõU� R-package kéõ, =¦´�Óõ

U� R-package �I�ØÓ�ëê?1N^, ù¤�)Ô�ÆïÄö±�ã¡�(J�?.

�ïÄ� R �ó3)Ô�ÆØ©¥�±ãJø

�è, ¿é
�è?1
�A)º, ±�

B)Ô+��Eó�ö���U¦^. �Ø©é)Ô�ï¥Ün!�*/Lãêâ(JÐ

«
ûÐ�~, äk�½�/�¿Â.

1 á���{

1.1 R ^��O�

R �óSC§S�´l https://www.r-project.org/e1���, ��� R ×64 3.0.1(R �

�I�� R-package ���±�Bö�). RStudio SC§S�´l https://www.rstudio.com/

e1��. RStudio ´�« R �ó?6ì, ��B¯$/?� R ��.

1.2 ��Ú�w´»

��´»¦ R �±�B�\êâ©�, Ó� R �ó±�/¤�ã��¬��3d©�

Ye, Ïd���´»���êâ¤3©�Y. ��´»Ú�w�c´»��èXe.
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setwd(“D:/R”) #��´»(3 R ¥, ��¥#��SN�5º&E, R Ø¬�15º&

E)

getwd() #�w�c´»

1.3 R-package �e1Ú¦^

R �ó±ãõU�¢yé�§Ýþ�6uØÓ� R-package(äNXL 1 ¤«). ?

Û<Ñ�±gd?� R-package, ,�d R Ø%�|"ØÏL CRAN �Õ(https://cran.r-

project.org/)uÙ[26]. R-package ¥�¹
éõ^r�±��N^�¼ê[27], ����?U,

Ò�±Ð«ÑØÓ�©Û�±ã(J[28].

LLL 1 10 «««~~~^̂̂ R-package &&&EEE000���

Tab. 1 Introduction to common R-packages

SÒ R-package �^A: mu�m ë�©z

1 ggplot2 ¦^ã/�{Mïêâ�Àz 2013 c 10 � [29]

2 lattice EÜã�|Üã/ 2008 c [30]

3 VennDiagram ±�Vennã 2011 c 1 � [31]

4 Metacoder +Nêâ©a¿±ä/ª�Àzw« 2017 c 2 � [32]

5 treeman p�Ú�*/�ïXÚu�ä 2017 c 1 � [33]

6 DGCA �ÉÄÏ©Û 2016 c 11 � [34]

7 vcfr ö�Ú�Àz VCF êâ 2017 c 1 � [35]

8 sfinx �Ø�ÚXz-�Ìêâ8¥�b�5 2017 c 2 � [36]

9 snpGeneSets ÄÏ|ÆïÄ5º 2016 c 12 � [37]

10 Gogadget GO L8(J�©ÛÚ�Àz 2016 c 12 � [38]

�, R-package �±üÕ¦^±�{üã�, ��õ�ÿ�
÷vêâ©Û�E,ã/±

���¦Ñ¬ò R-package |Ü¦^, ~Xe©ò0��9ã!/ãÚ'Xã�. I�5¿�

´, R-package �ISC�g, �´3zg¦^�c, 7LòÙ­#1\. e1Ú1\ R-package

��èXe.

install.packages(“ggplot2”) #e1 ggplot2

library(ggplot2) #1\ggplot2

2 ( J

2.1 /ã±�A^à�)��¸

/ã´�â�½{K�ã¿Ny31Nþ, ¿/±�N«�S�g,��Ú�¬²Ly�

�ÊÏA��ã�. Ï/ãäkÚ��êÆÄ:; UI[Ú�ÿþÚ?±5½�¤; AÛ°Ýp

�SN�[ùn�A�[39], l
Ï~òÙ^u£ãïÄé�3/n ��©ÙG¹!�m½^

�Úå�3ØÓ/«�UC�¯K. 3)Ô�ÆïÄ¥�)��¡, ~~I��N,�/«Ú�

Ô�'÷*)�G¹, X,�/«�Ìè«�¡È!Jä©ÙG¹!	5\��Ô©ÙG¹!

à�³Á©Ù�¹!/�©Ù9UõG¹Úð«ÁSí�ZÂª³[40]�¯K. �ïÄK±C 10

cÜ�ü ¡È²þ�þ�êâ�Ä:, ±�Ñ�NÜ�3��°�²þ�þ/ã. êâ5g

I[ÚOÛ[41]. I�5¿�´, ±�/ã�Ø
±ãêâ, ��e1��/ã� shp ©�¿ò©

��3±ã´»©�Ye.

library(maps)

library(ggplot2)

library(maptools)

library(directlabels)
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library(mapproj)

library(plyr)

library(reshape2)

library(ggsubplot)

setwd(“D:/R/map”)

mymap <-readShapePoly(“bou2 4p.shp”) #Ö�/ã

mymapd <- fortify(mymap) #�Ñ/ã�êâµ, �B ggplot Ö�

temp<-mymap@data #J�/ã�°

xs<-data.frame(temp ,id= seq(0:923)-1)

china mapdata<-join(mymapd, xs, type = “full”)

healthdata <- read.csv (“healthmap.csv”, header=T, sep=“,”, stringsAsFactors = F) #Ö

�êâ&E

NAME <- healthdata$NAME #J��°¶¡

hdoct <- healthdata$�þ#J���Ü�«�¡È

mydata1 <- data.frame(NAME, hdoct)

mydata1 <- join(mydata1, xs, type = “full”)

mydata1 <- data.frame(NAME = mydata1$NAME, �þ= mydata1$hdoct, id = my-

data1$id)

myepidat <- data.frame(id = unique(sort(mymapd$id)))

myepidat <- join(myepidat, mydata1, type = “full”)

temp <- data.frame(NAME = healthdata$NAME, lat = healthdata$lat, long = health-

data$long)

theme opts <- list ( theme (panel.grid.minor = element blank(), #�������

panel.grid.major = element blank(),

panel.background = element rect(fill=rgb(red = 255, green = 250, blue = 250, max =

255)), #��ã��µÚ

plot.background = element rect(fill=rgb(red = 255, green = 250, blue = 250, max = 255)),

#��±ã«�µÚ

panel.border = element blank(),

legend.background = element rect(fill=rgb(red = 255, green = 250, blue = 250, max =

255)),

axis.line = element blank(),

axis.text.x = element blank(), #�� x!y ¶�'&E

axis.text.y = element blank(),

axis.ticks = element blank(),

axis.title.x = element blank(),

axis.title.y = element blank(),

plot.title = element text(size=10)))

ggplot(myepidat)

+ geom map(aes(map id = id, fill = �þ), color = “white”, map = mymapd)

+geom point (data = temp, aes (x = long, y = lat, fill = NULL), colour = rgb(red = 165,

green = 165, blue = 165, max = 255))
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+ geom dl (data = temp, aes (x = long, y = lat, label = NAME), list(’last.points’, cex =

0.7, hjust = 1))

+ scale fill gradient (name=””, high = “#006600”, low = “#ffffcc”)

+expand limits (x = c (73, 136), y = c (6, 54))

+ coord map()

+theme opts

+theme(legend.text=element text(size=10))

60 000

40 000

20 000

( : kg/hm2)

ã 1 C 10 c 33 ��°Ü�²þ�þ

Fig. 1 The average yield of watermelon crops across 33 provinces in the last 10 years

2.2 9ã±�A^¢D�«

9ã(heatmap)´ÏL¦^ôÚìC5w«êâÝ
�ã�, Ù�±�*�w«ÑÝ
¥

ê���É[37]. 9ã·^uïÄ¢�êâ��þ��Ú�Éêâ, ��±éêâÚ�¬?1à

a, *ÿ�¬�þ[42]. 8c)Ô�ÆïÄ¥�¢D+�®²�\�©fY², Ù�õÄuÄÏ

|!=¹|Ú�x�|�|Æêâ, ±�9ã±ÐÚNyØÓ�¬¥êâ�'é5��É5, l


Bue�ÚïÄö�. ÄuÄÏ|Ú�x�|êâ, ±�9ã©ÛÙàa�'éÝ��É�

¹, �±é�wÍ5�É�ÄÏ½�x�; Äu=¹|�êâ, ^ RNA-seq �êâ±�9ã±©

ÛL�þ��¹, �±é�3,��Ï½´,�^�epL�!$L�½ØL��ÄÏ. �©±

ãêâ5gA-�AÄÏL��m�g,Czýÿ[H-�«S,«�,«`³[38], ò�©ê

â log10 ?n�±ã.

library(mixOmics)

library(MASS)

library(lattice)

setwd(“D:/R/heatmap”)

mat<-read.csv(“heatmap.csv”, header = T) #Ö�êâ&E
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row.names(mat)=mat[,1]

b<-cbind(mat[,2:16]) #�L�¥��å�ê

c<-data.matrix(b)

cond=rep(c(“cond1”,“cund2”),5)

cond.col<-c(“cond1”=“darkviolet”,“cond2”=“darkorange”)

obj.cim=cim(c)

ã 2 )Ô�½ RNA-seq 3�U¥ 3 ����L�þ�Cz

Fig. 2 RNA-seq data showing subsets of genes for biotic stress at three instances per-day

2.3 'éã±�A^�Ô�o

'éã´rêâ¥��é��â�½��''X?1Gé±�Ñ�ã/. 'éã�±�ß

��N�N�+Nm, +N¥�NÚ�Nm�3��'éX, Ù·^uïÄ¹kE,'X�é

�, ^±�NÑ��é��m�'X. 3)Ô�ÆïÄ¥, ~~I�ïÄÔ��m�'X½´Ô

���¸�m�'X, X,
ÄÏÚ�x��|5�'!,
ÄÏ½�x�é;¾u)�'­

�!,
�¸��Ô)�G¹�'X�¯K. 3©ÛÄÏÚ�x��¡�êâ�, ¬�w�T

ÄÏ½�x�k'�ÄÏ½�x�, ?
ÐÚ�äT�x��õU�. 9-�x�(Heat stress

proteins, Hsp)´)Ô�
Aé�¸�â,Cz, Ü¤��«A½��x�, �¦)Ôk�Aé

	5�½[43]. �©À^��(zea mays) �HSP18ÄÏ, 3 STRING(http://string-db.org)þ�

é��¥�HSP18�péX��x�, ¿�Ñêâ,±�Ñ�HSP18�3'X��x�'éã.

library(igraph)
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setwd(“D:/R/cy”)

dolphin <- read.csv(‘cy.csv’, head=T, fileEncoding =’UTF-8’, stringsAsFactors=F) #Ö

�êâ&E

g <- graph.data.frame(dolphin)

source(”http://michael.hahsler.net/SMU/ScientificCompR/code/map.R”)

tiff(filename=‘dolphins curve1.tiff’, width=800, height=800,units=‘px’)#��ÑÑã¡�

�±9�ª

layout=layout.fruchterman.reingold

plot(g,layout=layout,vertex.size=map(degree(g),c(20,40)), vertex.color=“#99CC66”,

vertex.frame.color=“#FFFF99”,edge.color=“#996633”, edge.arrow.size=0)#��ã/ôÚ

dev.off() #±ã(å�ã¡��3��´»�©�Ye

ã 3 HSP18 �p�^�x�

Fig. 3 Proteins interacting with HSP18

2.4 ��ã±�A^]
&Á

��ã´±ã/L«8Ü�­��ª[44], ÙÏLL«�8Üm��8Ú¿8�¹, �±�

ß/�Nêâ8m�'X, ±NyÙ�5Äê½�5Äê��¹[45]. 3)Ô�ÆïÄ¥, ÃØ´

ÏL÷*êâNyØÓ/«&Á�«a©ÙA:, �´3�*À�eÏL÷ÄÏ|ïÄ<a�

���)Ô, ³½Äu=¹|Y²©Û[T3ØÓ?ne�)����¹, ù
þI�±��ã

���Àzé��Nêâ�m��8��¹. X]
&ÁéØÓ�¸�|_5ØÓ, ÙL��

ÄÏ�k¤�É. |^��ã£ãT«&Á3ØÓ�m½|5�¸¥L�=¹êâ!�ÉL�

��x�êâ&E, =�çÀÑ­�õU�ÄÏ½�x�. �©±çJJGrÁ�$§�¹Ú

Ñ��)nÄ:[46]�êâ�Ä:±���ã.

library(grid)
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library(VennDiagram)

setwd(“D:/R/VE”)

venn<-read.csv(“venn.csv”, header = T) #Ö�êâ&E

a<-venn$FTR.7C.vs..S #ÀJ±�ã/¤I�

b<-venn$FTR.7T.vs..S

c<-venn$CLT.7.vs..S

venn.plot<-venn.diagram(

list(“FTR7C vs. S”=a,“FTR7T vs. S”=b,“CLT7 vs. S”=c),

col = “transparent”,

fill = c(“#996633”, “#FFFF99”, “#99CC66”), # vennãôÚ

alpha =0.5,

scaled = TRUE,

ext.text = TRUE,

ext.line.lwd = 2,

ext.dist = -0.15,

ext.length = 0.9,

ext.pos = -4,

inverted = TRUE,

cex = 1.7, #ã¥êi��

cat.cex = 1.5, #ã¥ a!b!c iN��

filename = “1.tiff”, #ÑÑ©�¶±9�ª

main = “Up-regulated mRNAs”, #ãIK, �¥m

main.cex = 2, #ãIKiN��

sub.cex = 1) #±ã(å�ã¡��3��´»�©�Ye

2.5 Î/ã�±�A^\ó�m

Î/ã´ÏLÎf�p$���NØÓ�¬êâ�É�ã/, Ù3�ï¥´��~�!�

*�Nêâ��a­�ã�. 3)Ô�ÆïÄ¥, ~~^Î/ã5�NØÓ ¬?n�ªé ¬

a(!E�Ú)z�I��¡��ÉG¹. 3 ¬\ó��m�¡, ~¬&ÄØÓ�C�ªÚ

Ñõ§Ýé ¬¥Ä��IE¤�Cz, XgdÄ¹þ!pH �!�dÚæ��í�)z�I,

/¤��)ÔêþÚ«aCz�)Ô�I. DPPH(2,2-��Ä-1-£-ÄgdÄ)´�«é­½�

±��¥%�gdÄ, �±ÿ½|�zÔ�¹þp$[47-48], 3 ¬�\ó!�m�¡k2��

A^. �©±�\È��ã�êâ5g�7(Caesalpinia sappan L.)J�ÔéeõÏmÂS��

nz5��K�[49]. Jøü«æÈã/, �«DÚ�æÈÎ/ã(�ã 5(a)), �ß²
/�Nê

â�¹; �«“p4s�”Î/ã(�ã 5(b)), ��#L!{*/�NÑêâ�¹, áÚÖö�Ö.
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Ù¥, ã/�î�IL«±ê, p�IL« DPPH z©¹þ, ã~L«ØÓ�?n�ª.

ã 4 3ØÓ�;�^�eçJJG�·�rÁwÍþN� mRNA =¹Ô�êþ

Fig. 4 The number of significantly up-regulated mRNA transcripts in quiescent larvae of

Drosophila melanogaster stored at different conditions compared to the start of the

experiment
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Fig. 5 Effect of DPPH radical scavenging activity over 4 weeks

2.5.1 DÚÎ/ã

library(reshape2)

library(ggplot2)

setwd(“D:/R/3Dplot”)

rose<-read.csv(“plot.csv”) #Ö�êâ&E

rose long<-melt(rose,id.vars=“Treatments”,variable.name=“weeks”,

value.name=“DPPH(%)”)
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p<-ggplot(rose long,aes(x=weeks, y=“DPPH(%)”, fill=Treatments))+geom bar(stat=

“identity”, color=“black”) #>µôÚ

p+ scale fill brewer(palette=“Greens”) + theme bw() #“Greens”ã/ôÚ

2.5.2 “p4s�”Î/ã

library(reshape2)

setwd(“D:/R/3Dplot”)

rose<-read.csv(“plot.csv”) #Ö�êâ&E

rose long<-melt(rose,id.vars=“Treatments”,variable.name=“weeks”,

value.name=“DPPH(%)”)

p<-ggplot(rose long,aes(x=weeks,y=“DPPH(%)”,fill=Treatments))+

geom bar(stat=“identity”, color=“black”) #>µôÚ

p+coord polar()+ scale fill brewer(palette=“Greens”) + theme bw()

3 ? Ø

)ÔÚO©Û!±ã^�¯õ, J±ÀJ. �,k
^�3,
�¡��Ñ¯, �Ø
2

�, �ïó�öJ±s¤�þ°åÆS�þ^�. ùÒI��±kr�Eâ| �m
^�, �

±ÊH/·^u�aêâ, ±�Ñp�þ�ã¡. 3¯õÚO±ã^��¥, R ®²¤�
±ã

^��ÄÀ, Ù¦^¡2, ��·^u)Ô�ï+���aêâ±�ã�.

3.1 R �ó±ã�õU¢y

dþ©¦^ R �ó¢y)Ô�ï±ã�L§5w, Ù�Ù!B$, U
²(`²�'¯K

¿¢yõU. ÏLÙ¢y�/ã±�Q´é)Ô�ïÄ:êâ�O(!�*£ã, qU
ÏL�

N�Ü©��¹¿©Ð«Ú�5��É5, ±�B)Ô�ï<
�ÚOûüö�Ð/?1©Û

ïÄ!�½�ü. 
±��9ãQ�±ÏLêâàaé�êâ�m��'5, 
��±ÏLé

�É5��ß�N, ±�B)Ô�ïó�ö×�çÑ­�ÄÏ?1?�ÚïÄ. 'éã�±�Q

�±�N
E,��ä'X, qÐy
T�ä'X¥�|©�m�­�§Ý, �B)Ô�ï<


�Ð/©Ûêâ, �Ñ�(�ä. d	, ��ã±��B
]
&Á¥­�qIÄÏ�çÀ, ±

�¤Ä:)ÔÆïÄ. R ¢y�Î/ã±��´�±ò ¬��a�InÜ?n, �ßÐ«. Ï


&Äuy, R �ó�±bÜ)Ô�ï�êâk�¢yÙ±ãõU.

3.2 �ï±ã^�'�

y�)Ô�ïØ©±ã^�Ì�k Excel!SPSS!OriginPro!SigmaPlot!Python �.

Excel �¢´�~��ÚO±ã^�, Ù`³Ò´ö�{ü!¦^�B, ¿��ïó�öé

Excel �~ÙG. �´ Excel ±ã¢y�ã/a.�©k�, Ã{±�E,ã/, �ã¡�(¹5

é$, =�éôÚ�?1Ñ�N�, Ã{?¿�UC. SPSS ���±ÚO^�, ÙÚOõU�~

r�, �´^u±ãØ¦<¿. � Excel��, SPSS ö�{ü, �Ñã�Ý�ú, ã¡Ø
�ß!

{*. 
 R Ñã�Ý¯, £���á=�ã, ã¡�{*§Ý´±ãöû½�, ã¡�þp, �

±ÑÑ tiff!png!jpeg Ú pdf � 8 «ã¡�ª.

SigmaPlot � OriginPro �q, �öþ´�lÐ�^r.¡, �±�t/l Excel ¥J�ê

â, ö�{ü�±ãõUr�. �´, üöþ�G¤^�, I�|G[B�¦^¤. Python Ú R

���´��?§�ó, �´ Python � R ���«O3u Python �êâÚO©Û´ÏL1

n� package 5¢y�, � Python ´¿Ø´;z�êâÚO�±ã©Û��ó, Ïd3êâ?

n!ÚO©Û!±ã�¡ÑÖ�Ê. R �ÚO¼ê�Û��, ÃØ´²;�´c÷��{, Ñ�

±��¦^�A� package N^, �' Python 3ù�¡«yØ�. nþ¤ã, R A�¤�)Ô

�ï¥�ÄÀ.



134 uÀ���ÆÆ�(g,�Æ�) 2019 c

3.3 R ±ã�`":

R �ó�m
5^�[1], Ùm
kü�¿Â: Äk R �±�¤¼�, Ù3¤kM�Úö�X

ÚþSCþvk��[50], ·Ü��+��«;��µ�<¦^; Ùg, ?Û<þ�gdu�½?

U
�è[50], ±���1���êâ?n�ã�±�I¦. ±þü:�¦ R �ó3�ïó��

¦^Ç®²�5�p, ¿Åì¤��ï<
7�EU��. R �?§�ó, ÙÚO±ã�(¹5

�Ny3d. �ïó�ö�±�âgCI¦?���!R-package. =B´vk?Û?§õ.,

==�¦^��±3 CRAN þé��éA� R-package. R �(¹5�Ny3ã¡¥�?Ûá

5Ñ�±?¿?U, Ø==´ôÚ!/G, ��±éòêâ©|, �Ò´`, R ±ã�ûu�ï

ó�öéã/n).

R õUr�, �´�k�
ã¡J±±�. R ±ã´±ÚO©Ûêâ�Ä:�, éu±�(

�ª(X�x�(�ã)!«¿ã(X��V©f«¿ã)!ã¡êâ©Û(Xÿþ[H-ì¡¥�

J�Ý)!ì¡{z(X>YãV\©i½à}©�)!�âã�ù
Ø´Äuêâ�ÚOÚ©Û

±�Ñ�ã¡, R �ÃU�å. �U$^ photoshop!Illustrator!corelDraw Ú 3dsMax ��'

^�?1±�{z.

4 ( Ø

R ����y�ÚO±ã�óä, Ø=3ÚO�¡kér��õU, 
�±ã�¡äk4

r�;�5. �©±)Ô�ï��'+���\:, ¦^ R ¢y
ØÓã��±�, Qy¢
 R

���¤m
�^����¢y)Ô�ï�õ�zã�±�, q�ã��±�� R-package �

N^Jø
�è�~.
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