ATLANTIS . . .
PRESS Advances in Engineering Research, volume 170

7th International Conference on Energy and Environmental Protection (ICEEP 2018)

Screening citrus SSR molecular marker primers

Xiaojia Wang 12, Zhihui Wang'®, Siyu Zhang'°,Jundou Liu 24, Xun Wang ¢
1 College of Horticulture, Sichuan Agricultural University, Chengdu, Sichuan, China
2 The Agricultural Institute of Sichuan Province, Chengdu, Sichuan, China
3Institute of Pomology & Olericulture, Sichuan Agricultural University, Chengdu, Sichuan, China
®majiayan3303@163.com,”961124698@qq.com,*1285850704@qqg.com
4112885608@qq.com,*wangxun0104@hotmail.com
Xiaojia Wang and Zhihui Wang contributed equally to this work.

Keywords: Citrus;SSR-PCR system;Primer screening;Cluster analysis.

Abstract. Within 38 primer pairs tested, 26 pairs were successfully amplified, and 81 PCR bands
were amplified, with an average value of 3.12 bands per primer, 18 pairs showed 100% polymorphic
ratio, 2 pairs showed 66.67% polymorphic ratio. In total, 72 PCR polymorphic bands were
determined, and in average, 2.77 polymorphic bands were amplified by one primer pair. Twenty
primer pairs were screened out, as their PCR bands were distinct, stable and polymorphic. Six citrus
materials were clustered via genetic similarity coefficient using 20 pairs of primers screened
out,‘Eurekalemon’ and ‘Ichang papeda’ were clustered into one group, and then meet with ‘Ponkan’
and ‘Nanfeng tangerine’. Meanwhile, ‘Gaoban pummelo’” and ‘Kiyomi’ were clustered into another

group.

Introduction

In the long-term cultivation and cultivation, many unique local citrus germplasm resources have been
formed due to various geographical, climatic and natural conditions. Most of these germplasm
resources are formed by natural hybridization and natural buds during the evolution process. The
genetic background is complex and difficult to define in classification. In the breeding of modern
citrus varieties, it is one of the effective ways to use the excellent traits of local germplasm resources
or to improve local germplasm resources™™. SSR (Simple Sequence Repests) is one of the most
effective molecular marker techniques at present. It is widely used in the research of gene location,
QTL, DNA fingerprint construction and genetic diversity analysig?®.

This experiment is aimed at the recent publication of several SSR primers, which are amplified,
analyzed and screened by six well-defined citrus materials to construct a highly efficient SSR
molecular marker primer library for the upcoming local endemic citrus.

Materials and M ethods

Plant Materials. The leaves of six citrus varieties (Table 1) were used in this experiment, all
provided by the Citrus Research Institute of Huazhong Agricultural University.
Table I used in six citrus germplasm materials for testing

Germplasm Latin Name Classification!®
Nanfeng tangerine C. reticulata Blanco cv. Kinokuni Sinocitrus
Eurekalemon C. limon (L.) Burm. F. Citrophorum
Gaoban pummelo C. maxima (Burm.) Merr. Cephalocitrus
Kiyomi C. unshiu Marcov. x C. sinensis Osbeck Miscellaneous Citrus
Ichang papeda C. ichangensis Swingle Papedocitrus

Ponkan C. reticulata Blanco cv. Ponkan Sinocitrus

Copyright © 2018, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 1713



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 170

SSR-PCR system and electrophor esis. The DNA of 6 citrus leaf sampleswas extracted and detected
using the kit Plant Genomic DNA Kit (TIANGEN, Beijing) and stored at -20 °C for later use. A total
of 20 uL of PCR reaction system was prepared. The PCR amplification product was el ectrophoresed
on 6% denaturing polyacrylamide gel and stained with silver nitrate.

Statistical Methods. The number of alleles of electrophoresis bands was counted, and the
polymorphic ratio of each primer was calculated; SSR el ectrophoresis showed a band of 1, no stripe
was 0, stripe deletion was 2, and 1 and O matrices were obtained. The similarity coefficient was
caculated by NTSY S-pc2.10e software, and the similarity coefficient matrix[) was obtained. The
SAHN program and UPGMA were used to cluster analysis® for the sample of citrus.

Results

Product characteristics of SSR-PCR amplification. In the 'Nanfeng tangerin€, there are 23 pairs of
primersto amplify the band, 21 pairs of primersin 'Eurekalemon’ to amplify the band, and 22 pairs of
'‘Gaoban Pomelo' have amplified bands, There were 23 pairs of amplified bandsin the' Kiyomi', and
20 pairs of 'Ichang papeda amplified the bands, and 25 pairs of '‘Ponkan’ amplified the bands. 26 pairs
of primersin 38 pairs successfully amplified clear bands (Table 2), and 12 pairs of primers did not
amplify bands. The total number of amplified bands of 26 pairs of SSR primers amplified was 81, and
average of 3.12 bandswere amplified per primer. The total number of bands per primer rangesfrom 1
to 6, that is, the number of allelesis 1-6.A total of 72 polymorphic bands were amplified, and an
average of 2.77 polymorphic bands were amplified per primer.The polymorphic bands of the primers
amplified by the test varied greatly, and the polymorphism ratio ranged from 50.00-100.00%. The
SSR primers screened from 20 pairs of citrus were clear and polymorphic (polymorphic ratio was
66.67% ~100.00%). Thetarget fragments of 13 pairs of primers are 150-200 bp in length; the selected
20 pairs of SSR primer target fragments are concentrated in the range of 150-250 bp.
Table 2 26 pairs of SSR primer sequences
Primer Number of Number of polymorphic  Polymorphi Expected Reference

ID. PCR band PCR band smratio (%) amplicon (bp) source
CS010 3 3 100.00 150-200 [9]
CS 065 4 4 100.00 150-200 [9]
CS 062 3 3 100.00 200-250 [9]
CS 009 3 2 66.67 150-200 [9]
CS 100 3 3 100.00 200-250 [9]
CS 051 3 3 100.00 150-200 [9]
CS 021 3 3 100.00 200-250 [9]
CS024 6 6 100.00 150-250 [9]
CS017 6 6 100.00 150-250 [9]
CS 052 2 2 100.00 150-200 [9]
CS 064 3 3 100.00 150-200 [9]
CS 068 3 3 100.00 200-250 [9]
CS014 2 1 50.00 - [9]
AAT 12 3 2 66.67 150-200 [10]
TAA 45 3 3 100.00 100-150 [10]
TAA 15 4 4 100.00 150-200 [10]
CMS 30 5 5 100.00 150-200 [10]
AG 16 5 5 100.00 150-200 [10]
CMS7 2 2 100.00 150-200 [10]
CMS 45 3 3 100.00 150-200 [10]
TAA 1 3 3 100.00 150-200 [10]
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TAA 27 2 1 50.00 - [10]
CMSS8 1 0 0.00 - [10]
CMS 14 2 1 50.00 - [10]
CMS 20 2 1 50.00 - [10]
CT 21 2 0 0.00 - [10]

Cluster analysisof citruscultivarsfor trial.The combination of 'Eurekalemon’ and 'lchang papeda
has agenetic similarity of 0.74, which indicatesthat thereis aclose rel ationship between thetwo. This
type of 'Ponkan Citrus' is aclass, the genetic similarity coefficient is 0.69, with ‘Nanfeng tangerine
aggregation, the genetic similarity coefficient is 0.59. '‘Gaoban pomelo' and 'Kiyomi' gather for
another independent group, the genetic similarity coefficient of 0.71, indicating that the blood
relationship between the two is close.

Nanfeng tangerine

Eurekalemon

Ichang papeda

Ponkan

——— Gaoban pummelo

——— Kiyomi

054 059 0.64 069 0.74

Fig.2 Dendrogram of six citrus materials clustering analysis

Discussions. 'Eureka Lemon' and 'Ichang papeda are grouped together, supporting Xiao et al.[*!
through cytology, Zhu et a.*d through chemical taxonomy and Federici et al.[*¥ It is one of the
parents of the origin of lemon hybrids. The pupa and pummelo proposed by DNA molecules may be
derived from the big wing orange. Barrett and Rhodes'¥ concluded that sweet orange is produced by
the hybridization of pummelo with different subspecies of polytypic species; Liang et al . supported
the hybrid origin of sweet orange by cytological studies and believed that pummelois parent, Malix et
al 1'% supported the broad-skin citrus as one of parents through protein el ectrophoresis analysis. The
'Kiyomi' is a descendant of Wenzhou mandarin as the female parent and sweet orange as the male
parentl*l, which is consistent with the previous research conclusions,may be derived from the big
wing orange, speculative lemon and ‘'lchang papeda have a closer blood relationship; 'Gaoban
pummelo' and 'Kiyomi' are grouped together, seeing the father is sweet orange, Xu et al.[*8 verified
the pummelo as a sweet orange parent. This experiment specul ated that ‘Gaoban pummelo ' has close
kinship with 'Kiyomi' and provided support for the conclusions of predecessors, The genetic
similarity coefficient of 'Ponkan’ is 0.68 with 'Eureka Lemon' and 'lchang papeda), although ponkanis
the offspring of orange, and the AFLP distance tree of Xie et a.[*¥l supports the viewpoint of the
origin of broad-skin citrus single line, so it gathering into another category; 'Nanfeng tangerine' has a
relatively long genetic distance from other citrus varieties, and it is aso clustered into alarge group.

Conclusions.

This study screened 20 pairs of primers with high polymorphism, clear and easy-to-recognize bands,
and good repeatability. According to the cluster analysis, 'Eureka Lemon' and 'Ichang papeda are
grouped together, '‘Gaoban pummelo , ' and 'Kiyomi' are grouped together, 'Ponkan’ and ‘Nanfeng
Tangerine' and others The genetic distance of citrus varietiesis relatively far, and they are separately
grouped into one group.
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