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ABSTRACT 

 

 

 

 

 Rhizophora mangle L. trees form a forest on the edges of Biscayne Bay National 

Park, where a unique abnormal morphology, including club-shaped branch termini with 

extremely short internodes and clumped leaves, was observed in several sections of this 

R. mangle forest. These abnormal trees also displayed more severe herbivory than 

neighboring healthy looking trees, and some localized symptoms were so severe that 

dead patches of the forest were observed. Visual symptoms seemed to be consistent with 

abnormalities in other trees caused by microbial pathogens. Therefore, universal 

polymerase chain reaction (PCR) primers for fungi, phytoplasmas, and other bacteria 

were used to test for the possible presence of pathogens in both abnormal and normal R. 

mangle tissues collected from this site. After some initial difficulties with the PCR using 

conventionally extracted DNA templates, a new DNA extraction procedure, meant to get 

rid of contaminants that inhibit PCR, was developed. Using this procedure, templates 

were produced and used with the universal primers and PCR in an attempt to identify a 

possible pathogen from the abnormal tissue. Candidate amplification products were 
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sequenced and possible explanations were formulated as to the cause of the 

abnormalities. Although definitive results were not obtained, pursuing the cause of the 

abnormalities is important due to the integral role R. mangle plays in its environment. 

                                                                                                               

 

 

                                                                          

                                                                                      Dr. Amy Clore 

Division of Natural Sciences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

Chapter I: Introduction to Mangroves and Associated 

Pathogens 

1.1 Distribution and zonation of Rhizophora mangle L. 

 Mangroves are an identifying feature of Florida's coastline. Mangroves are a 

group of facultative halophytes, or plants that have adapted to life in saline conditions, 

that are divided into eight families: Avicenniaceae, Chenopodiacea, Combretaceae, 

Meliaceae, Myrsinaceae, Plumbaginaceae, Rhizophoraceae, and Sonneratiaceae (Lugo, 

1974). These families, while all called mangroves, are related only distantly, having been 

grouped together based solely on their ecological functions within their environments and 

the habitats they colonize (Lugo, 1974). 

 Rhizophora mangle L., in the family Rhizophoraceae, is more commonly known 

as the red mangrove (figure 1.1). These adaptive trees fringe saltwater and brackish 

shores along the southern half of Florida's East and West coasts (figure 1.2). Globally, 

there are two genetically isolated regions of R. mangle that are separated by the Eurasian 

landmass and the Eastern Pacific Ocean (Duke et al. 2002). Their range is temperature-

dependent in that they are limited to subtropical and tropical regions. There are 

approximately 117 countries and territories that have mangroves, the largest 

concentration being in Indonesia (Barbier and Cox, 2003). 
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Figure 1.1: Rhizophora mangle L.  

The red mangrove can be identified by its unique prop roots which are visible above 

ground and become submerged as they take hold in the sediment. They have elliptical 

leaves and long, cylindrical propagules (not shown here) that hang from the ends of 

branches. 

(http://www.nt.gov.au/nreta/wildlife/nature/pdf/mangroves/2_mangrove_ecosystem.pdf) 
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Figure 1.2: Map of mangroves along Florida's coastlines  

In the state of Florida, mangroves are found on both the east and west coasts. Their range 

starts from the very tip of the peninsula and extends north to St. Augustine on the Atlantic 

Coast and Cedar Key on the Gulf Coast. 

(http://www.sfrc.ufl.edu/extension/pubtxt/for43.htm) 

 

 

1.2 Adaptations of Rhizophora mangle L. 

 R. mangle grows right along the water's edge, often below the high-tide mark, and 

has made several unique adaptations that allow it to do so. It has taken advantage of an 

ecosystem where it does not have many competitors for space. The roots and methods of 

reproduction that R. mangle has developed allow this mangrove to survive in 

waterlogged, anaerobic soils where available water is high in salinity (Thibodeau and 

Nickerson, 1986). The characteristic roots of R. mangle are mainly long extensions from 

the stem and branches that grow down toward the soil and end underground. There are 



4 

 

two types: prop roots which grow down from the base of the stem, and drop roots which 

grow down from the upper part of the stem and the branches (McKee et al. 1988). These 

roots do not go deep underground, as the ground in the estuarine habitats favored by 

mangroves is too soft and would not support trees with deep roots. Instead R. mangle has 

shallow root systems that spread out widely, lending support to the upward growth of the 

stem and branches and bearing the weight of the leaves and propagules (McKee et al. 

1988; Nagelkerken et al. 2000).  

 Red mangroves have had to adapt a unique mechanism to provide their submerged 

roots with oxygen from the atmosphere. A study done by Evans et al. (2005), showed the 

path of air flow through R. mangle and how oxygen is provided to the roots by 

submerging different sections of a mangrove plant, injecting air into one area, and 

observing where the air bubbles left the submerged plant. The results of this study 

suggested that air normally enters the plant through cork warts, or areas of tightly packed 

sclerified cells that are apparent as dark brown to black spots on the abaxial surface of 

aerial leaves (figure 1.3). Air enters the leaves through the cork warts and becomes 

pressurized within the layer of aerenchyma tissue that lies below. This layer of 

aerenchyma tissue in the leaf is connected to the aerenchyma tissue in the petiole, and air 

diffuses into this tissue, then continues to diffuse into the inner aerenchyma of the 

mangrove's stem (Evans et al. 2005). Air travels down the stem and diffuses into the 

inner root aerenchyma tissue where oxygen is provided throughout the submerged roots 

all the way to the termini. The air then ascends the outer aerenchyma of the roots and is 

released into the surrounding environment through lenticels, or pores on the surface of 

the submerged roots that allow gas exchange (Evans et al. 2005). 



 

Figure 1.3: Photograph of cork warts 

Abaxial surface of a mangrove leaf submerged to show air bubbles that came from the 

cork warts (visible in this photograph as dark spots on

direction of air flow in non

 

 R. mangle has a filter system in its roots that prevents most of the salt from ever 

entering the plant's tissues, but there is some uncertainty about how this is accomplished. 

One of the main theories is that 

that is high enough to prevent the uptake of salt while allowing the intake of freshwater 

(Smith and Snedaker, 1995).

 

 

Figure 1.3: Photograph of cork warts  

Abaxial surface of a mangrove leaf submerged to show air bubbles that came from the 

cork warts (visible in this photograph as dark spots on the leaf), which is the opposite 

direction of air flow in non-submerged mangrove leaves (Evans et al. 2005).

has a filter system in its roots that prevents most of the salt from ever 

entering the plant's tissues, but there is some uncertainty about how this is accomplished. 

One of the main theories is that R. mangle maintains a negative internal osmotic pressure

that is high enough to prevent the uptake of salt while allowing the intake of freshwater 

(Smith and Snedaker, 1995). 

5 

Abaxial surface of a mangrove leaf submerged to show air bubbles that came from the 

the leaf), which is the opposite 

2005). 

has a filter system in its roots that prevents most of the salt from ever 

entering the plant's tissues, but there is some uncertainty about how this is accomplished. 

maintains a negative internal osmotic pressure 

that is high enough to prevent the uptake of salt while allowing the intake of freshwater 
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1.3 Reproduction and dispersal 

 R. mangle is viviparous, meaning it releases live young. Its leathery, yellowish 

flowers are mainly pollinated by wind, and perhaps also by insects such as bees 

(Kathiresan and Bingham, 2001). Because it tends to form dense forests along coastlines, 

with little species variation, self-pollination is heavily relied upon for reproduction 

(Proffitt et al. 2006). Relatively little is known about the reproduction and dispersal of R. 

mangle; recent studies have more of a focus on habitat loss and degradation. Vegetative 

reproduction accounts for very little of the dispersal of R. mangle, thus they depend 

heavily on seedling recruitment, as explained below (McKee, 1995
a
). The seedlings, 

called propagules (figure 1.4), germinate while still on the plant, without a seed 

dormancy period as is found in many species. The long propagules form elongated, 

buoyant hypocotyls that hang vertically on the ends of branches. When the propagules are 

sufficiently mature, a collar is formed from the fused cotyledons. This marks where the 

seedling detaches from the fruit, while the cotyledons are left behind on the tree 

(Lowenfeld and Klekowski, 1992). This happens mainly during September and October, 

but individuals may also disperse off-season, during the rest of the year (Rabinowitz, 

1978).  
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Figure 1.4: Red mangrove propagules 

Red mangroves are viviparous, and their seeds germinate into propagules while still 

attached to the parent plant, as shown here. The propagules grow on the ends of branches 

and when they are mature, the seedlings separate from the cotyledons and disperse.  

(http://ecolibrary.org/page/DP4110) 

 

 After they drop from the parent plant, the propagules are able to float on the water 

for extended periods of time before they reach a suitable environment to grow, taking into 

account light, salinity, pH, water levels, and soil content, as stated in Proffitt et al. (2006). 

The propagules will begin to grow whether they are placed vertically or horizontally in 

the soil, and there are two different possibilities as to how they grow in the wild. The first 

is that they strand in a suitable environment horizontally, then the roots begin to grow 

into the soil which anchors them and the propagule will erect itself. The second is that as 

the propagules float vertically, the tips embed themselves into the soil by abrasion and 

Place of 
seedling 
detachment 
from 
cotyledons 
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then the propagules begin to grow. Rhizophora propagules often sink some time after 

dispersal and start to grow underwater. If the area proves to be unsuitable, because the 

propagules are large, it is thought that they have the ability to become buoyant once again 

and can disperse further (Rabinowitz, 1978; Tomlinson 1986).  

1.4 Rhizophora mangle L. as a keystone species 

 R. mangle is a keystone species, or a species that plays a fundamental role in 

maintaining an ecosystem, in many estuarine environments. R. mangle plays critical roles 

in the development and shelter of many other species of plants and animals as well as 

contributing to the preservation of their ecosystems. One of the main benefits of this 

species is  by the network of prop roots that act as a nursery for many species of juvenile 

fish, creating an environment rich in available food that is protected from the threat of 

predation by larger species (Shervette et al. 2007). The roots have a large surface area on 

which epiphytic algae proliferate and provide food for many invertebrate species, mainly 

crabs and shrimp, which in turn provide food for not only the juvenile fish sheltering 

there, but also many species of birds (Laegdsgaard and Johnson, 2001). Also, the 

complex structure of the roots of R. mangle and the vegetation that grows on them 

combine to create a refuge for young fish. During high tides, they travel far into the 

structured mangrove forest, thus reducing the incidence of predation from larger fish, 

which stay on the edges of the forest because they lose their ability to quickly maneuver 

when swimming within the prop roots (Ronnback, 1999). Mangrove areas are also less 

frequented by large predators, due in part because they are separate habitats from coral 

reefs and deeper offshore waters (Nagelkerken et al. 2001). Finally, the mud in which the 

mangroves grow is very soft, which is ideal for protecting many burrowing animals such 



9 

 

as crabs (Ronnback, 1999).  

 A study by Laegdsgaard and Johnson (2001) showed that mangrove prop roots do 

not provide the only coastal habitat that shelters and feeds juvenile fish, but mangrove 

roots are the most beneficial as compared to seagrass beds and mudflats, which are 

habitats that are often found adjacent to mangrove forests. These researchers found that 

mudflats alone offer little protection in the way of physical structure and that the survival 

rate of juveniles in this habitat is extremely low. Seagrass beds offer the same amount of 

protection as mangrove prop roots, but there is less food available and therefore seagrass 

beds are not as opportune a habitat as the prop roots (Laegdsgaard and Johnson, 2001). 

 As the water flows through mangrove forests, the prop roots of R. mangle filter 

and trap sediment that adds to the soil surrounding the area. This helps to stabilize the 

soft ground and also plays a role in the upkeep of seagrass beds, which are also important 

to the ecosystem. Soil erosion is a major threat to many coastlines throughout the world, 

resulting from land clearing for agricultural and aquacultural use, housing development, 

and the building of roads (Victor et al. 2004). When the mangrove forests are cleared, the 

land erosion increases, caused by tidal changes or ocean waves. The mangroves no longer 

act as a buffer to trap much of the sediment, and it gets dumped elsewhere, effecting 

other ecosystems down the line (Victor et al. 2004). Airai Bay, Palau, Micronesia, is a 

small bay that is a specific example of an area affected by such clearing of the mangrove 

forests and is experiencing an increase in soil erosion in the estuarine area. It has been 

shown by Golbuu et al. (2003) that, on average, about 30% of the riverine sediment that 

flows through Airai Bay settles in the remaining mangrove fringe forest, and about 1% of 

that is resuspended by currents and wind. As is described below, it is this resuspended 
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sediment that gets dumped onto other fragile ecosystems, and the percent trapped by the 

mangroves is shrinking along with the shrinking R. mangle population. This finding 

shows the need to preserve what mangroves are left.  

 Golbuu et al. (2003) also showed that the coral reefs of Airai Bay are indirectly 

affected by the clearing of mangroves. The mangroves forests slow water flow, so with 

their loss there has been a significant increase in water turbidity in the bay area, which 

stresses coral reefs that are located near the fringing mangrove forests. The increase in 

water turbidity causes less light to penetrate the water and effects the growth patterns of 

coral in that area (Fabricius, 2005). The silt that is not trapped by the prop roots is often 

deposited on top of reef structures and is held there by the algal mat that forms on the 

surface, together creating a muddy layer that smothers reefs (Golbuu et al. 2003). Since 

the coral is already stressed from the increase in water turbidity, this accumulation of 

sediment may prevent the recovery of already established corals, as well as the 

recruitment of new coral larvae to rebuild what was damaged (Victor et al. 2004). 

 The soil in estuarine ecosystems is made of mainly dead and decaying plant and 

some animal material, or detritus. Mangroves in general are responsible for producing an 

estimated 8.86-14.16 t DW ha
-1

year
-1  

of litter fall, the main component being leaves (Nga 

et al. 2005). This is a large contribution to the amount of detritus accumulated in 

estuarine ecosystems. The mangroves take up nitrogen and phosphorus from their 

environment, then when their leaves fall to the ground and decompose, those nutrients 

help form the base of the food chain (Nga et al. 2005). The main process by which plant 

matter is turned into detritus in mangroves involves physical and chemical agents as well 

as many microorganisms. Almost as soon as the plant matter falls from the tree, microbial 
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colonization begins and fungal hyphae grow into the plant matter and release exoenzymes 

that break down cellulose in the cells, weakening the plant tissue (Bowen, 1987). From 

there, mechanical agents such as water movement and the abrasion by particulates in the 

water cause further fragmentation. When the plant matter is still coarse, fungi are the 

major colonizers, while bacteria are most abundant on fine particles. As this 

fragmentation pathway takes place, some protein from the original plant matter is lost in 

solution, but more importantly, some is degraded into small amino acid polymers, 

individual amino acids, and organic nitrogen (Bowen, 1987). Over time, these nutrients 

are bound into organic complexes that make them difficult to digest, so organisms called 

detritivores have evolved mechanisms that allow them to digest and use the nutrients 

trapped in detritus, and the detritivores are in turn eaten by animals further up on the 

estuarine food chain. The amino acids form a necessary part of the diets of many animals 

such as fish, which require a high percent of their diet to be amino acids in order to attain 

maximum growth (El-Dahhar and El-Shazly, 2008). There is some debate over whether 

detritivores get these necessary amino acids directly from the detritus or through the 

microorganisms that are attached to the detritus particles and are ingested by detritivores 

along with the detritus, but scientists have favored the later explanation (Bowen, 1987). 

 Because of these functions, the health of the mangroves is directly connected to 

the health and productivity of their estuarine ecosystems. It has been shown that 

mangrove forests in some parts of Australia's coasts have high rates of litter production, 

however they are not producing below maximum capacity, as compared to mangrove 

forests in Thailand (Boto and Wellington, 1983). Less than optimal growing conditions, 

mainly limited amounts of nitrogen and phosphorous in the Australian soils, were shown 
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to be the culprit of this decrease in productivity (Boto and Wellington, 1983). The large 

amounts of biomass that comes from mangroves is an important transfer of energy from 

terrestrial to marine ecosystems. With the disappearance of the mangroves, food chains 

are broken down from the bottom up. 

1.5 Uses of Rhizophora mangle L. 

 Historically, mangroves have been used by humans around the world for a variety 

of uses. Some of the products provided by mangroves are timber, fuel for cooking, 

charcoal, food, and construction materials for boats, housing, furniture, and posts for 

pastures and rural housing; Rhizophora specifically is known for its abundant tannins and 

medicinal uses (Kovacs, 1999). Tannins are very astringent, meaning they are able to 

precipitate proteins from a solution, and for this reason they are used to tan animal hides 

and cure leather. Tannins have other abundant uses in cooking and medicine, as described 

by Bandaranayake (1998). They are water soluble polyphenols, which aid in disease 

prevention, and have other medicinal qualities like being anti-inflammatory and are used 

to stop infection of internal wounds. Large concentrations of tannin in the wood cause it 

to be highly resistant to rot, an asset when choosing building material (Bandaranayake, 

1998; Berenguer et al. 2006).  

 Even though they are useful in so many different ways, in several areas today 

there are extremely strict restrictions on the harvesting and use of R. mangle. According 

to the Florida Statutes, alteration, which includes defoliation, destruction, removal, and 

trimming of mangroves, is prohibited unless a permit is applied for. Any legal trimming is 

usually restricted to a height of 6 feet. These restrictions extend to cover the alteration of 

mangroves by homeowners (© 200-2010 State of Florida; http://www.flsenate.gov).  
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1.6 Rhizophora mangle L., a species at risk 

 There has long been a failure to recognize the integral role that mangroves, 

including R. mangle, play in estuarine ecosystems. As evidencied by the restrictions 

mentioned above, recently this ignorance has started to be reversed, although there is still 

a shortage of conservation efforts. Since 1900, about 50% of the global mangrove area 

has been lost, and what is left remaining is declining at a global average annual rate of 

about 2.1% (Gilman and Ellison, 2007). A change must occur soon in order to save the 

mangroves since it has been estimated they might disappear within the next 100 years 

(Duke et al. 2007). Many places are trying to counter the loss of mangroves by simply 

planting new trees among older ones where dense populations used to occur. Trying to 

replant or start up new populations of mangroves is a complicated process that involves 

many factors. One problem that often arises with this solution is that the stressor, the 

condition that first affected the older generations of trees in the area, is neither identified 

nor removed. Therefore the young, newly planted trees may not replenish the mangrove 

forest, since they may die just as their predecessors (Gilman and Ellison, 2007). 

 There are several major threats to mangroves; populations are suffering severe 

devastation in areas like Asia where much of the land is being cleared for aquaculture 

farms (Nga et al. 2005). Waterfront development is also a major threat to mangrove 

ecosystems.  Improper agricultural land use and clearing has caused an increase in soil 

erosion with degenerative effects only starting with the mangrove forests and reaching 

further into other ecosystems, like offshore seagrass beds and coral reefs. 

 From the beginning, shrimp aquaculture has been an unsustainable industry. 

According to Graaf and Xuan (1998), it has grown dramatically since the early 1990's, 
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causing destruction of many mangrove forests as well as self-pollution of the farms and 

viral disease outbreaks. It has been recorded that in the Mekong Delta of Vietnam, an area 

where shrimp farming is one of the major forms of agriculture, one hectare of mangrove 

forest can support a marine catch of 450 kg per year, a number that is similar in 

mangrove stands throughout the world. (Graaf and Xuan, 1998). However, this total 

marine catch that mangrove forests can support is rapidly shrinking and will continue to 

do so as long as mangroves are still disappearing. The growing shrimp culture in the 

Asian region has been governed solely by market forces, and has been absent in national 

development plans and lacking in industry management (Graaf and Xuan, 1998). Like 

many coastal aquaculture development projects, the free benefits provided by the 

ecosystem, in this case the mangrove stands, were taken for granted while the possibility 

of short-term profits caused the exploitation and destruction of the natural ecosystem. 

This is just one example of the lack of regulation that has occurred in regards to the 

exploitation of mangrove populations worldwide.  

 R. mangle is also sensitive to environmental factors. There is no seed bank 

because it is viviparous, so if a mangrove forest suffers severe damage, it may take great 

effort to reestablish a population (Proffitt et al. 2006). Hurricanes and tsunamis are 

especially destructive, and have wreaked havoc on many populations in the recent years 

(Baldwin et al. 2001). Fringe mangrove forests often receive the full force of the storm as 

it first comes ashore, and these storms can both destroy the existing trees and flowers, 

and also strand propagules at higher elevations than they can grow (Proffitt et al. 2006). 

However, if there is a dense population of seedlings growing below the canopy, then an 

R. mangle forest would stand a good chance of complete regeneration according to 
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Baldwin et al. (2001). However, as is typical of populations of species on islands (where 

mangroves are often found), rates of regrowth are so slow that a decimated population 

will never reach the size or density it was before the devastation (Simberloff and Abele, 

1976). One of the major hurricanes that devastated Florida's coastlines was Hurricane 

Andrew, in 1992. In the mangrove forests on the southwest coast, about 60% of the trees 

were uprooted or broken, and about 25% of the upright, unbroken trees died (McCoy et 

al. 1996). The Asian Tsunami in December of 2004 proved just how valuable mangrove 

forests can be. While suffering extreme damage, the mangrove fringe forests of Thailand 

severely reduced the tidal wave energy form the force of the tsunami, protecting the 

inland population from the worst of the storm (Barbier, 2006).  

1.7 Known Rhizophora mangle L. colonizers, including pathogens 

 There are many microorganisms, or colonizers, that live in and on trees. 

Colonizers occur in all natural ecosystems and are sometimes known for their deleterious 

effects on organisms, however in forests (stands of Rhizophora included), as well as other 

ecosystems, they can have advantageous and disadvantageous effects. In general, most 

species of trees support a community of organisms that depend on the tree for survival. R. 

mangle grow in a restricted habitat, and strands of these mangroves are high in plant 

density and low in species diversity. In areas with a high density of mangroves, especially 

monocultures, plant populations are more susceptible to diseases, which increases the 

threat posed by pathogenic colonizers to R. mangle communities (Gilbert et al. 2002). 

The most common of these colonizers are fungi and bacteria, both of which are found in 

great abundance both on and within R. mangle trees. 
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1.7.1 Fungi associated with R. mangle 

 There are two main types of fungi that can be found within the R. mangle habitat. 

Marine fungi colonize the submerged and often decaying detached roots, stems, and 

leaves, while the terrestrial fungi are found on those parts of the mangroves above the 

water line (Lee and Baker, 1973).  The types of fungi associated with mangroves are 

diverse, some of them are beneficial to the mangroves while others are pathogenic 

(Suryanarayanan et al. 1998). Some species of fungi associated with the mangroves serve 

crucial roles to their surrounding environments, like the manglicolous fungi which are 

vital in nutrient cycling. They colonize and break down the dead, submerged mangrove 

tissues, and release the stored nutrients into the environment for use by other species 

(Kathiresan and Bingham, 2001). Other fungi are detrimental to the health of the 

mangroves, causing high levels of foliar disease. Diseased trees display symptoms such 

as necrosis, or the premature death of living cells and tissues, and chlorosis, in which the 

leaves appear yellow or white due to the breakdown and/or insufficient production of 

chlorophyll (Gilbert et al. 2002). 

 R. mangle has been found to suffer more folier damage due to fungal pathogens 

than  A. germinas or L. racemosa (Gilbert et al. 2002). This could be due to the different 

methods of salt excretion used by the different mangroves. Since A. germinas excretes 

excess salt through glands on the leaves and L. racemosa accumulates salt in its leaves, 

large concentrations of excess salt would be allowed to build up on the surface of such 

leaves, which would not happen with the root filtration system of R. mangle (Drennan, 

1982). It has been speculated by Gilbert et al. (2002) that the salt could act as an 

accessory mechanism for resistance to pathogenic fungi. In their observations they found 
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similar amounts of insect herbivory on leaves of both R. mangle and L. racemosa, 

however there were significantly lower levels of fungal disease on L. racemosa. Due to 

the high internal salt content of the leaves, the wounds would be quite saline and thus 

potentially protected against many fungal infections (Gilbert et al. 2002). 

 Stands in the Carribean and Gulf of Mexico have been the sites of many studies 

on resident fungi of R. mangle because this mangrove dominates coastal forests of this 

area (Wier et al. 2000). There have been several species identified and associated with the 

afflictions they cause in the trees: species of Anthostomella and Cercospora cause leaf 

spot in Puerto Rico and Florida, respectively; a species of Cytospora caused a dieback of 

branches and roots in R. mangle seedlings in Hawaii; and Cylindrocarpon didymum has 

been associated with a stem gall disease in South Florida and Gambia, Africa (Wier, et 

at., 2000). One of the more recent findings in this field linked Cytospora rhizophorae, an 

imperfect fungus (meaning that they lack a sexual stage), to stands of R. mangle in the 

coastal areas of Puerto Rico. This fungus was consistently associated with canker tissue, 

characterized by leaf spotting, and stem dieback and mortality, and was isolated from the 

symptomatic tissues (Wier, et at., 2000). C. rhizophorae is a facultative pathogen so it is 

not restricted to marine habitats, and it requires a wound to infect a host (Wier, et at., 

2000). Such wounds occur naturally by herbivory and breakage from strong winds.  

 As breifly mentioned above, some fungi are beneficial, such as the manglicolous 

fungi that help recycle nutrients from parts of the trees that have died or fallen off 

(Kathiresan and Bingham, 2001). There are many different families of such fungi that 

live in the mangrove habitat including Ascomycetes, Deuteromycetes, and 

Basidiomycetes (Kathiresan and Bingham, 2001). Many produce lignocellulose-
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modifying exoenzymes, like laccase, which is associated with white-rot fungi, known for 

their ability to decompose polysaccharides of cellulose, hemicellulose, and lignin (Luo, 

2005). In this case, this destructive activity is what drives the estuarine food chain. 

1.7.2 Bacteria associated with R. mangle 

 Bacteria, like fungi, are abundant in mangrove forests. Some are exogenous, 

colonizing the apoplast, and others are endogenous, infecting vascular tissues, 

specifically the vessels in xylem and sieve tubes in phloem (Bove and Garnier, 2002). 

Pathogenic bacteria affect their host cells in different ways. For example, many produce 

extracellular products, like certain proteins, that alter the cellular pathways of the host 

plant in order to facilitate the growth of the pathogens within the plant (Salmond, 1994). 

These extracellular proteins are often structurally similar between different bacteria, and 

thus serve similar functions. Some examples of secreted proteins include cellulases, 

proteases, and lipases (Buttner and Bonas, 2003). Many bacteria are highly specialized 

and only infect specific hosts, while others can spread to a wide variety of hosts (Buttner 

and Bonas, 2003). 

 A specific group of bacteria that are restricted to the phloem and that, until 

recently, were thought to have been viruses, are called phytoplasmas. Because they are 

similar to mycoplasmas (class Mollicutes), in that they are both prokaryotic and lack cell 

walls, they were originally labeled mycoplasma-like organisms (MLOs), but are now 

called phytoplasmas (Hogenhout et al. 2008). Phytoplasmas are carried by insect vectors 

from plant to plant, so their life cycle requires two separate hosts. They are mainly 

vectored by leafhoppers and have been identified in over 100 different plant species 

(Christensen et al. 2005) in which they interfere with normal development. Infected 
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plants produce extra leaves, shoots, and branches, and also yellow, leading to “witch's 

broom”, a condition characterized by dense clusters of branches or leaves (Strauss, 2009). 

 When a leafhopper feeds on an infected plant, the phytoplasmas enter the insect 

through the stylet, travel through the intestine, and circulate in the hemolymph 

(Christensen et al. 2005). Eventually, they multiply within the salivary glands so that 

when the insect feeds on a subsequent plant, an infective dose of the phytoplasma is 

administered (Christensen et al. 2005). Phytoplasmas have not been found to have any 

major adverse effects on their insect hosts, most likely because they need the insects as a 

means of traveling between plant hosts so induction of ill effects would not be 

advantageous (Christensen, 2005). In plants, phytoplasmas are mainly concentrated in the 

sieve tubes of the phloem and spread through the sieve plates (Bove and Garnier, 2002). 

 Phytoplasmas, like mycoplasmas, have reduced genomes, lacking the genes 

needed for many basic metabolic pathways (Hogenhout et al. 2008).  In fact, their 

genomes are even more reduced than those of mycoplasmas. Most bacteria have a 

phosphotransferase system (PTS), which imports and phosophorylates sugars. Most 

phytoplasma genomes, however, do not code for any PTS system components. In their 

place, these genomes have many transporter-related genes not present in bacteria with the 

PTS pathway (Hogenhout et al. 2008). Because of this, the phytoplasma are extremely 

dependent upon their host cells since these genes confer the ability to import host 

nutrients. Phloem sap is deficient in some nucleotides, which the phytoplasmas cannot 

synthesize (Christensen et al. 2005). Therefore it is highly likely that the companion cells 

of the phloem that provide necessary compounds to the sieve tube elements also supply 

the phytoplasmas with such resources (Christensen et al. 2005). Phytoplasma genomes 
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also lack genes coding for ATP synthase, but they do have a large membrane potential, a 

sign of an extremely efficient active transport system. They do have five genes encoding 

P-type ATPases, in some ways analogous to the Na
+
/K

+
 and H

+
/K

+
 pumps found in 

animals, which have the ability to create the electrochemical gradient across the 

membrane (Hogenhout et al. 2008). 

1.8 Global climate change affecting mangrove health 

 With global climate changes affecting ecosystems worldwide, the ability to detect 

and identify possible pathogens early on is of weighty importance. Sustained climate 

change, such as global warming, imposes pressures that cause individuals within an 

environment to adapt over time. The increase in global temperatures may accelerate the 

rate at which insect vectors develop, thus creating a favorable environment for an 

increase in the reproduction rate of pathogens, while not necessarily affecting the rates of 

the host reproduction, in this case R. mangle (Ayers and Lombardero, 2000). Currently, 

the populations of some insects are kept in check by annual low temperatures that cause 

die-offs. But with increases in temperature, insect vectors will be able to survive in a 

wider area than they previously could, introducing the pathogens they carry to an 

increasing number of hosts (Strauss, 2009).  

 Another direct threat to mangroves due to global climate change is the rise in sea 

levels worldwide (Alongi, 2002). Suitable coastlines for replanting and reestablishing 

mangrove populations are already rapidly shrinking because of the large amount of 

coastal housing development (Nicholls et al. 1999). Coastlines that once could have 

supported the growth of mangrove trees are now covered with waterfront houses and 

hotels. A significant rise in sea level will wipe away what little suitable coastline is left 
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for the mangroves. 

 Due to the large amounts of biomass produced by mangroves, there is some 

vertical rise in the habitat that will counter a gradual rise in sea level (Alongi, 2002). 

However, if the rate of sea level rise is greater than the rate of vertical biomass build-up, 

then the ecosystem will become watterlogged and die. Inland wetland migration will then 

be vital for the upkeep of the estuarine ecosystem (Nicholls et al. 1999), but if that land is 

highly developed, it will never provide a suitable wetland environment. 

1.9 Dwarf mangrove forests 

 Dwarf mangroves have a low stature, usually growing only several feet high, and 

have tough, scleromorphic leaves, meaning that they are leathery and resistant to 

desiccation (Feller, 1995). This toughness is thought to be a defense mechanism of the 

dwarf trees against herbivory, as is an increased concentration of defense compounds 

found in the leaves (McKee, 1995
b
). In addition, such tough leaves tend to be long-lived 

and have chemical and physical properties that reduce rates of decomposition, so they 

stay on the tree for a long time and may help retain nutrients in plants that live in such 

conditions as phosphorus-limited soils (Feller, 1996). A study by Feller (1996), done in a 

phosphorus-limited environment in Belize, confirmed that in dwarf R. mangle, leaf 

sclerophylly (or measured leaf toughness), is related to nutrient deficiency. When these 

trees were fertilized with phosphorus, they showed a reduction in leaf lamina thickness 

due to the reduction of the hypodermis. The characteristic expanded hypodermis found in 

nutrient-deficient R. mangle leaves was once thought to function for water storage, 

osmoregulation, or salt accumulation as proposed by Camilleri and Ribi (1983). 

However, there is evidence against this notion as similar water content and sodium 
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concentrations were found among R. mangle plants growing in differing nutrient levels 

and having significant differences in leaf thickness between them, suggesting that leaf 

thickness is not related to salt accumulation or water storage (Feller, 1995).  

 Dwarf forests are large areas, typically in which only one species of mangrove is 

growing, and that are covered with trees that do not reach the average height for that 

species (figure 1.5). R. mangle is the dominate species in dwarf forests in the southern 

half of Florida that cover almost 6,000 ha, some of which fringe the coastlines of 

southern Biscayne Bay and eastern Florida Bay (Davis, et. al, 2001). Dwarf forests are 

characterized by extremely low productivity, in terms of biomass, and several factors that 

have been associated with such growth in mangroves include salinity, saturation levels of 

the soil, and soil compactness (Davis, et.all, 2001). Nutrient availability is also believed 

to be an important factor in the formation of dwarf forests. It has been shown that slower 

growth rates, higher concentrations of carbon-based defense compounds, and lower rates 

of herbivory are characteristic of plant species adapted to growing in resource-limited 

habitats (McKee, 1995
b
). Defense compounds are an indicator of the productivity of a 

species; plants with higher productivity tend to have less defensive compounds in their 

tissue because they are energetically expensive to produce. There are various compounds 

that can protect the foliage from being eaten and most fall into one of three groups: 

terpenes, alkaloids, and phenolics (McKee, 1995
b
). Phenolic compounds vary in 

concentration within trees according to light and nitrogen availability. They protect 

mangroves through their ability to bind proteins; for example they will bind insect 

salivary proteins to prevent the digestion of leaves (McKee, 1995
b
). Many wet, lowland 

tropical forest habitats are either nitrogen or phosphorus-limited, and plants living in both 
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types of nutrient-limited environments have adapted similarly (Feller, 1996).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5: Rhizophora mangle L. dwarf forest  
Located at Biscayne National Park, these trees are characterized by below-average 

height. (Photograph taken by D. Devlin and A. Shatters) 

 

 

1.10 Rhizophora mangle L. in Biscayne Bay, including those with abnormal 

morphology 

 The present study was conducted on abnormal and normal trees from within a 

dwarf forest. The R. mangle trees in which the abnormal morphology was manifest were 

all tall relative to their surrounding dwarf mangrove forest (figure 1.6). They occurred in 

almost round patches that stood out among the dwarf R. mangle trees that comprised the 

rest of the mangrove-covered area in this particular part of Biscayne Bay National Park. 

The two types of trees grew right next to each other, branches almost touching, and yet 
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only the tall trees displayed the abnormal qualities. There was no visible difference in the 

dwarf mangroves growing on the proximity of the abnormal patches verses those growing 

further away (data not shown).  

 

Figure 1.6 Example of observed abnormal morphology in height 

The R. mangle trees manifesting abnormal morphology at Biscayne National Park were 

all several feet taller than the surrounding dwarf trees, as shown in the tree on the right of 

the above photograph. (Photograph taken by D. Devlin and A. Shatters) 

 

  

 Several patches of Rhizophora mangle L. have been found in the Biscayne Bay 

area that exhibit abnormal morphology including clumped leaves (figure 1.7) and short, 

almost nonexistent internodes at the ends of branches, and club-shaped branch termini 

(figure 1.8 and D. Devlin, unpublished observations). Associated with these patches were 

large dead areas and heavy herbivory on the areas that were still alive. Often the 
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abnormal trees appeared mostly dead, with only one or two branches that had leaf clumps 

on the ends. The goal of this thesis was identification of the potential cause of this 

morphology, suspected to be a pathogen because of the nature of the symptoms. 

However, another possible explanation that was not a focus of the current study was a 

heterogeneous distribution of nutrients, such as nitrogen and phosphorus, throughout the 

site, which could have contributed to the abnormal morphology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7: Example of observed abnormal morphology in the leaves 

Abnormal morphology seen at Biscayne National Park. The leaves are growing such that 

they are tightly packed together on the ends of the branches.  (Photograph taken by D. 

Devlin and A. Shatters) 
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Figure 1.8 Example of observed abnormal morphology in the branches  

Abnormal morphology seen in R. mangle at Biscayne Bay. Leaf scars are seen along with 

extremely short internodes and club-shaped branch terminals. (Photograph taken by D. 

Devlin and A. Shatters) 

  

 Mangroves are an irreplaceable part of many ecosystems and many species 

depend on their survival, perhaps most of all Rhizophora mangle L. Therefore, it is a  

precautionary measure, and not premature, to begin pathogen detection studies before 

symptoms are widespread. The R. mangle at Biscayne Bay National Park might act as a 
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sentinel, cluing us in on what is to come in the future. It is prudent to begin looking into a 

potential problem while it is still contained, since once it is widespread any efforts to stop 

further spreading of a possible pathogen throughout the entire mangrove population will 

be many times harder, if not impossible.  

 As will be described in detail in the next chapter, in preparation for this study, 

samples were collected at the Biscayne National Park site (figure 1.9), from both trees 

displaying the abnormal morphology mentioned above and control trees not displaying 

the abnormal morphology. DNA was isolated and tested for the presence of pathogens of 

fungal, phytoplasmic, or other bacterial origin using polymerase chain reaction (PCR) 

with universal primers (i.e., primers that are designed to amplify the most conserved 

DNA sequences from the genomes of specific microbial groups of bacteria and fungi). A 

specific type of PCR (gradient PCR) was used since the optimal temperature for each 

reaction was not known, a priori. In gradient PCR, replicates of the same reaction are set 

up using identical DNA templates and primers and each is run on a different temperature 

from within a specific range. When the PCR products are run on a gel and stained, the 

most intense band will correlate to the temperature at which that reaction works best, or 

the optimal temperature.  

 In addition, primers for a positive control were sought that could reliably amplify 

sequences in both abnormal and normal tissue. Both microsatellite primers and 

phenylalanine ammonia-lyase (PAL) gene primers were tested. Microsatellites are small 

sequence repeats (typically 2 base to ~6 base repeat sequences) of DNA that occur in the 

genomes of many organisms (Gupta and Varshney, 2000). They can be amplified with 

PCR by creating primers to the sequences flanking the microsatellite region of the DNA 
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and are often used in population genetics studies because they mutate rapidly, creating 

diversity even within populations of the same species (Gupta and Varshney, 2000). 

Previous work by Dr. D. Devlin resulted in the identification of microsatellite primers 

specifically for R. mangle, but these primers had yet to be tested.  Phenylalanine 

ammonia-lyase (PAL) is an enzyme that catalyzes the first step in phenylpropanoid 

metabolism, which is a series of biochemical reactions that provides the plant with 

essential phenolic compounds, like lignin (Weisshaar and Jenkins, 1998). Primers made 

from the sequences of the PAL genes specific to R. mangle were made and also tested for 

use as a positive control, along with the universal primers used to test for the presence of 

a pathogen. 

 

 

 

 

 

 

 

 

Figure 1.9: Location where samples were collected  

The red box indicates the general area where the abnormal and normal samples were 

collected. The dwarf forest where the samples for this study were collected is located just 

east, (to the right), of the cooling ducts, seen in this photo as long vertical lines, at the 

Turkey Point Nuclear Generating Station. (© 2010 Europa Technologies; © 2010 Google) 
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Chapter II: Procedures 

 Note that since much of the methods involved trouble shooting and modifications 

of procedures based on initial results, brief allusions to certain results, which are 

described more thoroughly in the Results and Discussion chapters, will be provided in 

this chapter to explain the logic behind the methodologies chosen. 

2.1 Tissue collecting 

 Samples were collected from R. mangle trees at Biscayne National Park located 

about 25 miles south of Miami near the Turkey Point Nuclear Generating Station (figure 

1.9). For all samples collected, the branches were cut five centimeters above the terminal 

end and the cutting was stored in a plastic bag containing a label, numbered 1 through 25. 

Twenty-five samples were taken from a patch, approximately 20 feet in length, of 

Rhizophora mangle L. trees that showed characteristic abnormal morphology (as shown 

in figures 1.6, 1.7 and 1.8). In these patches were trees several feet taller than the 

surrounding mangrove forest. Samples were taken from branches that had club-shaped 

ends, severe herbivory, clumped leaves, and/or dead or bare patches. Sampling within the 

patch was not completely random; trees were inspected for the above mentioned 

abnormal morphologies and when one or more was clearly displayed on a tree, a sample 

was taken that included the abnormal part of that tree. Twenty-five control samples were 

also taken from dwarf trees that did not have abnormal morphology and which 

surrounded that patch and representative of the majority of the mangrove forest in the 

area. Again, sampling was not random throughout the entire dwarf forest, rather branches 

were cut from dwarf trees showing no abnormalities and surrounding the abnormal patch. 

A photograph of the branch that showed the abnormalities and the GPS coordinates of the 
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branch were taken for each abnormal sample (data not included). Samples were placed on 

wet ice and transported to the laboratory of Dr. D. Devlin at Harbor Branch affiliated with 

Florida Atlantic University in Ft. Pierce, Florida. The midribs were excised from the 

leaves in order to isolate the phloem, the tissue in which many plant pathogens, including 

phytoplasmas, are located (see literature review in Introduction). 

2.2 DNA extraction 

 The midribs and stem tissue were ground, separately, in liquid nitrogen with a 

chilled mortar and pestle.  The tissue was never allowed to thaw completely, even after it 

was ground, to prevent oxidation and minimize degradation. DNA was extracted using 

two methods, the DNeasy® Plant Mini Kit from QIAGEN and the FastDNA® kit from 

MP Biotechnology, as described in the protocols of the manufacturers. In brief, the 

former uses a QIAshredder spin column to remove cell debris and homogenize the 

samples, then binds the DNA to a silica-gel membrane from which the DNA is finally 

eluted with water (DNeasy® Plant Mini Kit, QIAGEN, manual). The second method 

requires the use of the FastPrep ® 24 instrument (MP Biomedicals) to homogenize the 

tissues after lysis and then the DNA is pelleted using a binding matrix and eluted in water 

(FastDNA® kit, MP Biotechnology, manual). The DNA extracts were put on ice and 

DNA concentration was determined by spectrophotometric analysis using the NanoDrop 

1000 Spectrophotometer (Thermo Scientific). Specifically, it analyzes 1.5 µl of the eluted 

DNA, calculates the concentration of DNA (in ng/µl), and indicates the quality of the 

DNA, (A260/A280), and the level of contaminates (A260/A230). These numbers were used to 

compare the two methods of DNA extraction, as will be discussed in the results chapter. 

The FastDNA kit consistently yielded the highest concentration (ng/µl) and quality of 



31 

 

DNA and was therefore used in all subsequent extractions. All  PCR reactions below, 

unless otherwise stated, were run using approximately 60-80 ng of this DNA per reaction. 

2.3 Selection of a positive control 

 Optimization of PCR conditions was initially accomplished through PCR 

amplification of R. mangle genomic DNA fragments. In early attempts to establish a 

positive control (i.e. a sequence that should reliably amplify DNA from both abnormal 

and normal plants), temperature gradient PCR reactions were run with R. mangle 

microsatellite primer pairs previously identified by Dr. D. Devlin (unpublished data) and 

labeled as Rm 11, 21, 36, 38, 46, 47. Each reaction mixture contained 17µL Platinum® 

Super Mix, including Taq polymerase (Invitrogen); 0.5 µl each of the forward and reverse 

primers diluted to a concentration of 10 pmoles/µl with sterile water; and 2 µl of the 

DNA template, originally extracted from an abnormal leaf midrib sample. The gradient 

thermocycler protocol used an activation at 94° C for 2 minutes, then 40 cycles of the 

following: denaturation at 94° C for 30 seconds, annealing at 50.0 – 55.0° C for 30 

seconds, and extension at 72° C for 1 minute. The PCR products were electrophoresed on 

a 1.2% agarose gel and stained with ethidium bromide. The results showed mixed success 

(shown and discussed in subsequent chapters). 

 Several tests were run to work out the inconsistencies with the microsatellite 

primers, for example the fact that there was amplification of microsatellite primer 46 

during the first PCR reaction, but not during the second (see next chapter). The first run 

using R. mangle primer pair 46, which showed the darkest band out of all the 

microsatellite primers on the first gel, was run on a wider temperature gradient PCR, 

range 45-60º C, with an abnormal leaf midrib sample. Microsatellite primer pair 46 was 
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also used with two different abnormal leaf midrib samples and an abnormal stem sample 

at the annealing temperature where the most intense band was found in the successful 

reaction mentioned above, that was at 49.2º C. The gradient thermocycler protocol was 

the same as above, using the temperature gradient for the annealing period of 45 - 60° C. 

The PCR products were run on a 1.5% agarose gel and stained with ethidium bromide. 

Unfortunately, primer pair 46 was deemed unreliable at this point. An additional test used 

an abnormal leaf midrib sample with microsatellite primer pairs 11, 21, 36, and 38, but 

inconsistent results with these R. mangle microsatellite primers led us to discontinue their 

use as positive controls in future reactions. 

 In the continued search for a positive control, sequences for Rhizophora 

phenylalanine ammonia-lyase (PAL) genes 5, 6, 7, 8, and 10 (Cheesemen and 

Dassanayake, unpublished sequences) were R. mangle genomic sequences present in the 

National Center for Biotechnology Information (NCBI) Genbank (accessed July, 2009). 

Because they belonged to the same gene family, the sequences were aligned so that a 

conserved region could be used for identification of PCR primers. Using a conserved 

region allowed the greatest chance of the primers matching exactly to all populations of 

R. mangle that may be studied in the future. The PAL sequences were aligned using a 

web-based molecular biology program suite, Biology Workbench 3.2 (San Diego 

Supercomputer Center, http://workbench.sdsc.edu/). Within this suite of programs, 

CLUSTAL W, a multiple sequence alignment tool, was used to create the PAL alignment. 

The alignment showed that the PAL gene 7 was the least conserved, so that particular 

gene was taken out of the alignment. Then the text shade function, which color codes the 

conserved regions of pre-aligned sequences, was used to create a consensus sequence of 
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Rhizophora PAL genes 5, 6, 8, and 10. This conserved region was entered into a web-

based primer design program, Primer 3 (version 4.0; Rozen and Skaletsky, 2000; 

http://frodo.wi.mit.edu/primer3/), and primers were selected that amplified a 217 bp 

fragment of the PAL gene. The primers were then ordered from Eurofins MWG Operon 

(see table 1 in Appendix for sequences) and ultimately, these primers were used as 

positive controls.  

 To test whether or not some inconsistencies previously encountered arose from 

the amount (ng) of DNA used per reaction, another PCR assay was run with the PAL 

gene primers, this time using varying concentrations of the previously run DNA 

templates. The samples used were abnormal leaf samples 1 (80.7 ng/reaction), 10 (80.9 

ng/reaction), and 13 (78.9 and 34.6 ng/reaction); and control samples 10 (76.5 and 95.7 

ng/reaction), 11 (76.1 ng/reaction) and 13 (76.5 ng/reaction). All were run at 46.3 ºC, 

chosen because it was the optimal temperature for the PAL primers in the previous PCR 

reaction. Results will be given and discussed in the next chapter.  

2.4 PCR analysis to test for the presence of fungal and bacterial sequences 

 Various plant DNA samples were used as templates in PCR reactions containing 

several universal primer sets designed specifically for phytoplasma, bacterial, or fungal 

pathogens. The universal primers for phytoplasmas were P1/P7 and fU5/rU3 (Chen et al. 

2009; see table 1 in Appendix for sequences). The universal primers for fungi used were 

NSA3/NLC2 (Martin and Rygiewicz, 2005), LSD/LS1 (Hausner et al. 1993), and 

NS1/NS8 (White et al. 1990). The universal bacteria primers used were 10F/480R 

(Sandstrom et al. 2001; Hansen et al. 2007). For all reactions, the PCR products were 

separated on a 1.2% agarose gel and stained with ethidium bromide. 
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2.5 Adaptation of a cotton genomic DNA isolation protocol for R. mangle tissue 

 After encountering numerous inconsistencies with our early amplifications, and in 

order to extract DNA of a higher quality for use in further studies, two procedures 

originally designed for tissues with many oxidizable contaminants like tannins, which are 

abundant in R. mangle, were modified specifically for R. mangle genomic DNA. The first 

was a protocol originally used for isolating cotton genomic DNA (Permingeat, 1998). The 

modifications made were to add polyethylene glycol (PEG) 4000 to the lysis buffer, to 

put the samples through the FastPrep ® 24 (MP Biomedicals) shaker, which lyses and 

homogenizes cells, the DNA spooling step was replaced by a precipitation, a second 

precipitation with chloroform-isoamyl alcohol was added, and EB buffer (Qiagen) was 

used instead of the original buffer (for specific procedures see protocol 1 in the 

Appendix). The flowchart (figure 2.1) shows all of the modifications that were compared 

using normal R. mangle DNA (as is explained in depth in next paragraph). The variation 

that produced the cleanest DNA extracts is written out in protocol 1 in the Appendix. 

 A procedure published by Fu et al. (2004) for isolating RNA from mangroves in 

the same family (Rhizophoraceae) as Rhizophora mangle L. was also modified in 

multiple ways. The initial buffer in the original procedure was changed such that the Cell 

Lysis Solution (CLS-VF) plus Protein Precipitation Solution (PPS) buffers for plants was 

used from the FastDNA® kit (MP Biotechnology), and the volumes used were according 

to manufacturer's directions. The second buffer used was the lysis buffer from the the 

cotton DNA isolation protocol, and the FastPrep ® 24 (MP Biomedicals) shaker was used 

to homogenize the samples. This procedure (modified Fu et al. 2004) was followed, with 

the above modifications, for the first several steps of the protocol, then the second half of 
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the cotton DNA isolation procedure was followed (for specific steps see protocol 2 in the 

Appendix) since DNA, not RNA, was the desired product. 

  These procedures were tested first on normal Rhizophora mangle L. leaf midrib 

and stem tissue collected from Oslo Road, Ft. Pierce, located near the lab. Samples from 

four branches were used. Each of five variations (figure 2.1) were used with one sample 

from each branch, four samples total for each procedure. Variation 1 used protocol 1 

(Appendix), the tissue was ground in liquid nitrogen, and 1% PEG 4000 was added to the 

lysis buffer. Variation 2 used a modified protocol 1, in which the tissue was chopped with 

a razor blade and 1% PEG 4000 was added to the lysis buffer. Variation 3 used a different 

modification of protocol 1  in which the tissue was ground in liquid nitrogen and PEG 

was not added to the lysis buffer. Variation 4 used yet another modification of protocol 1 

such that the tissue was chopped with a razor blade and PEG was not added to the lysis 

buffer. Variation 5 began with protocol 2 and ended with steps from protocol 1. 

 Two PCR reactions were run with each of these extractions; one with 50 ng of 

DNA per reaction and one with 100 ng of DNA per reaction. The second was used to test 

if the new DNA isolation procedures cleaned up some of the contaminants from the DNA 

that were suspected to interfere with the reaction when present at high concentrations 

(which should occur when high amounts of DNA were used) in earlier PCR runs. The 

PAL gene primers were used in all of the initial test reactions. The PCR products were 

electrophoresed on a 1.5% agarose gel and stained with ethidium bromide. This gel 

contained more intense bands than the gel containing the samples extracted with the 

FastDNA® kit, MP Biotechnology. Because the bands for the reactions that had 100 ng 

of DNA per reaction were of greater intensity than the ones for 50 ng of DNA, another 



36 

 

PCR reaction was run with 200 total ng of DNA and the products were again run out on a 

1.5% agarose gel. Because strong bands appeared, the modified procedures for DNA 

isolation and 200 ng of DNA per reaction were deemed successful and used in subsequent 

DNA extractions. 

2.6 Application of modified cotton genomic DNA isolation protocol for abnormal R. 

mangle tissue 

 The modified isolation protocol 1 (Appendix), variation 2 (refer to figure 2.1), 

was used on the leaf midrib samples collected from Biscayne National Park, and both 

abnormal and control samples were used. A temperature gradient (45-60º) PCR reaction 

was run using universal primers NSA3/NLC2 (Martin and Rygiewicz, 2005), LSD/LS1 

(Hausner et al. 1993), and NS1/NS8 (Cheng et al. 2004) for fungi; 10F/480R (Hansen et 

al. 2007; Sandstrom et al. 2001) for bacteria; P1/P7, and fU5/rU3 for phytoplasma (Chen 

et al. 2009); and the PAL gene primers (Cheeseman and Dassanayake, unpublished data). 

The products were run on a 1.5% agarose gel and stained with ethidium bromide. 

2.7 Isolation and identification of amplified sequences 

 The differential bands, meaning the bands in which there was a difference 

between the abnormal and control tissues in either intensity or presence of band, from the 

above gel were excised. For two bands, labeled 1 and 2, and both amplified using the 

phytoplasma primers fU5/rU3 (Chen et al. 2009) and found only in the abnormal 

samples, the DNA was eluted from the agarose using the NucleoSpin ® Extract kit 

(Clontech, Mountain View, CA). The DNA was sent to the genomics lab, USDA 

Horticultural Research Laboratory in Ft. Pierce, Florida, to be sequenced using the 

original PCR-primers as sequencing primers. Using the TOPO TA Cloning® Kit 
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(Invitrogen), a portion of the purified DNA was also inserted into a plasmid vector 

(pCR®2.1-TOPO®) and then transformed into One Shot® Top 10 Chemically 

Competent E. coli following manufacturers recommended protocol (Invitrogen, Carlsbad, 

CA). The sequence of each purified product was put through the Basic Local Alignment 

Search Tool, BLAST (Altschul, 1990) search, which compares a given sequence to those 

in a publically available database and statistically calculates the similarity between 

sequences. Results will be presented and discussed in chapters 3 and 4, respectively.  
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Figure 2.1: Isolation variations  

Five variations on the isolation protocols used to extract DNA from R. mangle were used 

in an attempt to produce DNA with less contaminants than previously tested protocols. 

 

 

Variation 
1 

Variation 
5 

Variation 
4 

Variation 
3 

Variation 
2 

Excise 100 mg leaf 
midrib tissue 

Follow 
protocol 2 

Chop finely 
with razor 
blade 

Grind in 
N2 

Grind in 
N2 

Chop finely 
with razor 
blade 

Go to 
step g) in 
protocol 1 
and 
follow 
through 
to end 

Add 200 
µl lysis 
buffer 
with PEG 

Centrifuge at 16.1 xg 20 
min, at 4º C. Discard 
supernatant 

Go to step c) in protocol 1 
and follow through to end 

Add 200 
µl lysis 
buffer 
with PEG 

Add 200 
µl lysis 
buffer (no 
PEG) 

Add 200 
µl lysis 
buffer (no 
PEG) 
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Chapter III: Results 

 The high concentrations of tannin in Rhizophora mangle L. makes extracting high 

quality DNA from the tissue difficult. For this reason, two widely used extraction 

methods were initially compared; the DNeasy® Plant Mini kit, QIAGEN, and the 

FastDNA® kit, MP Biotechnology. The FastDNA kit generally produced extractions that 

contained more DNA, based on the readings made using the NanoDrop 1000 

Spectrphotometer (see table 2 in Appendix). Thus, those extractions were used for both 

the leaf midrib and stem tissues in the PCR reactions. Unfortunately, the quality of the 

DNA, based on the A260/280 (see table 2 in Appendix) , was poor for the extractions from 

both procedures and varied considerably between preparations.  

 Rhizophora mangle L. microsatellite primers were tested on a temperature 

gradient PCR to see if they would amplify one of the previously extracted abnormal DNA 

templates, and also to determine the optimal temperature. When the microsatellite primer 

pairs numbered 11, 21, 36, 38, 46, and 47 were used in the temperature gradient PCR, 

only 11, 21, 38, and 46 produced bands visible on agarose gels. The bands of greatest 

intensity (indicating the greatest amplification) were produced using microsatellite primer 

pairs 38 and 46, both at 50.0º C (figure 3.1, lanes 2, 8). Use of primer pairs 11 and 21 also 

resulted in bands at 50.0º C, but these were much less efficient (data not shown).  
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Figure 3.1: Results of PCR using Rhizophora microsatellite primers 

Top Lanes: Lane 1, 20: D7058-Wide Range DNA markers; lanes 2-7: Rm 38; lanes 8-13: 

Rm 46; lanes 14-19: Rm 47. All primers were run with an abnormal leaf midrib DNA 

template. The temperature gradient went from 50.0 to 55.0º C for each set of primers.                                       

Results: Bands were visible for Rm 38 and 46, both most intense at 50.0º C, and less 

intense bands for the rest of the temperatures for both primers. There were no distinct 

bands for Rm 47, only smudges that were all too low in molecular weight and showed no 

variation between the temperatures. Therefore they most likely resulted from primer 

artifacts, which would explain why they are so far down on the gel (corresponding to 

smaller DNA fragments). 

 

 

 Due to the initial, somewhat positive results obtained using the microsatellite 

primers, which proved that the previously extracted DNA could be used for amplification, 

universal phytoplasma primers were then used in a temperature gradient PCR reaction 

with the extracted DNA from abnormal samples. Since the specific pathogen is unknown, 

the annealing temperature gradient was used to help find the optimal temperature at 

which phytoplasma sequences, if any, would amplify. R. mangle microsatellite primer 

pair 46 was used as the positive control at 50.0º C because it produced the most intense 
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band from the first gel. Unfortunately no bands were produced on this gel (data not 

shown), not even in the positive control. 

  Due to its failure to produce bands the second time it was used, primer pair 46 

was chosen to run again, this time using a wider temperature gradient PCR and with 

different types of tissue (figure 3.2). Bands were slightly visible for two different DNA 

samples extracted from abnormal leaf midribs, one with microsatellite primer pair 38 

(lane 9) and one with primer pair 46 (lane 11). There was no band for the DNA sample 

extracted from stem tissue, so the stem extractions were no longer used in the reactions.  

 The phytoplasma primers were also run again in the wider temperature 

gradient PCR along with R. mangle microsatellite primer pairs Rm 11, 21, 36, and 38. 

The only band was produced by primer pair 38 (results not shown), whereas previously 

use of the same microsatellite primers showed bands at approximately 50.0º C (figure 

3.2, lanes 9,11). The R. mangle microsatellite primers were originally going to be used 

for the positive control in all of the PCR reactions with the collected samples, but they 

could not be used because of the inconsistencies they showed. To recap, primer pair 46 

resulted in amplification at 50.0º C (figure 3.1), was not amplified at all the second time it 

was run, then was sporadically amplified at 49.2º C (figure 3.2). The bands produced up 

to this point were all assigned a number, on a scale 0-4 based on the intensity of the band, 

which was compared to the quality of the DNA, using the A260/280 reading from the 

NanoDrop spectrophotometer (see table 2 in Appendix). There was no correlation found 

between the visual quality of the amplified band and the quality of the DNA template 

used for the amplification as assessed by the NanoDrop spectrophotometer (see table 1 in 

Appendix). Because reliable amplification of a R. mangle genomic DNA fragment is 
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necessary to show reaction conditions are conducive to PCR prior to the search for 

potential pathogen DNA, it was decided that the R. mangle microsatellite primers were 

not going to be used as controls and new positive control primers needed to be found. 

 

 

Figure 3.2: Results of temperature gradient PCR using microsatellite primer 46 

lm = leaf midrib, s = stem, blue boxes indicate the presence of a band 

Lanes: Lane 1, 14: D7058-Wide Range DNA markers; lanes 2-7: Rm 46; lane 8: empty; 

lane 9: Rm 38 used as positive control; lane 10: Rm 46 negative control; lane 11-13: Rm 

46 positive controls; lane 15-20: empty. The temperature gradient for reactions in lanes 2-

7 was 45-60º C. All of the positive controls were run at 49.2º C. The reactions in lanes 2-

7 and 9 were run with an abnormal leaf midrib DNA template. The negative control was 

run with sterile water instead of a DNA template. The product in lane 11 was run with a 

different abnormal leaf midrib DNA template, and in lane 13 with a third abnormal leaf 

midrib template. The product in lane 12 was run with an abnormal stem sample.                       

Results: The was a band associated with Rm 38, used as a positive control, and for (LM) 

Rm 46 at 49.2 there was only one reaction that produced a band. There was no band 

associated with the stem DNA template, temperature gradient, or the negative control. 
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 The only other R. mangle genomic DNA sequences present in public databases 

were a partial genomic sequence of five phenylalanine amonia lyase (PAL) genes. When 

primers designed to the PAL genes were run along with the universal fungal and bacterial 

primers on two different DNA templates both extracted from abnormal leaf midribs, there 

were mixed results. The PAL primers produced modest to faint bands at all of the 

temperatures, but only for one of the DNA templates (figure 3.3). The more visible bands 

were at 45.0º C (lane 2, top), 46.3º C (lane 3, top), and 59.7º C (lane 7, top). What was 

unexpected was the lack of bands produced using the bacterial primers (lanes 8-11, top 

and 2-4, bottom) because bacteria are so abundant in mangroves that the detection of at 

least a few in the extracted DNA was expected, although they were not necessarily 

expected to be the causal pathogen. This result may also have been an indication that the 

quality of the DNA extracted was interfering with the PCR reactions.  

 The PAL primers were then used in PCR reactions containing different DNA 

templates and varying amounts of DNA per reaction (figure 3.4). There were only three 

DNA templates with associated bands. Two were for DNA template numbered 10, one 

with approximately 77 ng of DNA per reaction (lane 6), and the other with around 81 ng 

of DNA per reaction (lane 3). The third visible band was for DNA template numbered 13 

with around 77 ng of DNA per reaction (lane 9). As in DNA template 10 (c.f. lanes 6 and 

3, figure 3.4), the highest concentration of DNA template did not yield any products. This 

seemed to further indicate that there were too many contaminants in the extracts and that 

when higher amounts of the DNA template (and thus likely also associated contaminants) 

were added to the PCR reactions, complete inhibition of PCR often occurred. The 

conclusion was made that cleaner extractions were needed. 
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Figure 3.3: Results of PCR using R. mangle PAL primers 

red dots = expected size for amplicon using bacterial primers, green dot = expected size 

for amplicon using fungal primers, NC = negative control, blue box indicates the 

presence of bands 

Top Lanes: Lane1: D7058-Wide Range DNA markers; lanes 2-7 PAL primers; lanes 8-

10: 10F/480R bacterial primers, lane 11: PAL negative control. All primers were run with 

an abnormal leaf midrib DNA template on the temperature gradient from 45 to 60º C. 

Sterile water was used instead of a DNA template for the negative control.                             

Bottom Lanes: Lane 1: D7058-Wide Range DNA markers; lanes 2-4: 10F/480R 

bacterial primers; lanes 5-10: NSA3/NLC2 fungal primers; lane 11: 10F/480R negative 

control. All primers were run with an abnormal leaf midrib DNA template on the 

temperature gradient from 45 to 60º C. Sterile water was used instead of a DNA template 

for the negative control.                

 Results: There were bands for the PAL primers at all the temperatures, the more visible 

were at 46.3º C, 45.0º C, and 59.7º C. 
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Figure 3.4: DNA quality test 

red dot = expected size for PAL primers, NC = negative control, blue boxes indicate the 

presence of a band 

Lanes: Lane 1: D7058-Wide Range DNA markers; lane 2: abnormal leaf midrib DNA 

template 1 (81 ng DNA per reaction); lane 3: abnormal leaf midrib DNA template 10 (81 

ng DNA); lane 4: abnormal leaf midrib DNA template 13 (79 ng DNA); lane 5: abnormal 

leaf midrib DNA template 13 (96 ng DNA); lane 6: abnormal leaf midrib DNA template 

10 (77 ng DNA); lane 7: abnormal leaf midrib DNA template 10 (96 ng DNA); lane 8: 

abnormal leaf midrib DNA template 11 (77 ng DNA); lane 9: abnormal leaf midrib DNA 

template 13 (77 ng DNA); lane 10: sterile water (77 ng DNA). PAL gene primers were 

used in all of the reactions, which were all run at 46.3º C.                                                                         

Results: There were only three bands visible, associated with template 10 (~77 and ~81 

ng DNA) and template 13 (77 ng DNA). 

  

  

A new DNA preparation procedure (referred to as the 'rigorous isolation 

procedure' in the figure legends) was tested. This one was originally designed to work 

with cotton plant samples, which are known to have high levels of PCR inhibiting 
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compounds. Using the modified cotton DNA isolation protocol (see protocol 1 in 

Appendix) as the basic procedures, several modifications were compared and tested on 

normal R. mangle tissue collected at a site near the lab. It was found that grinding of the 

tissue in liquid nitrogen before the extraction procedure, a routine method used because it 

is thought to provide the best homogenization of tissue, was not necessary since the 

bands corresponding to the sequences amplified using samples that were ground in liquid 

nitrogen were equally as intense as bands corresponding to samples that were finely 

chopped with a razor blade (e.g., c.f. lanes 2,3, top and 2,3, bottom in figure 3.6). The 

addition of PEG 4000 was also tested because it is known to sequester PCR inhibiting 

compounds. When PEG 4000 was present in the lysis buffer (at 1% weight/volume) it did 

result in more intensely stained PCR products in agarose gels (e.g., c.f. lanes 4 and 9, top 

in figure 3.6). Using the cotton protocol with the addition of PEG 4000, amplification 

was more efficient (as determined by agarose gel DNA band intensity), than with any of 

the same PCR reactions using DNA isolated using the FAST prep kit. The amount of 

DNA template that could be used was greater as well, further supporting the thought that 

the new DNA isolation procedure is more efficient at removing PCR inhibitors. 

 Agarose gel band intensity for leaf midrib tissue continued to increase with 

increasing amounts of DNA template added to the reactions with up to 200 ng of DNA 

per reaction (figures 3.5, 3.6, and 3.7). The amount of DNA from the pathogen that must 

be detected is quite small in comparison to the total amount of plant DNA, so the more 

DNA that can be used per reaction the better the chances of the primers amplifying any 

pathogen DNA. The results indicate that the new isolation protocol separated most of the 

contaminants from the DNA so that the PCR reaction was able to run unhindered.  
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Figure 3.5: Results of PCR using PAL primers and the rigorous isolation protocol 

with 50 ng of DNA  

LM = leaf midrib, S = stem, v(1-5) = number of variation of isolation protocol (figure 

2.1) 

Top Lanes: Lane 1: D7058-Wide Range DNA markers lanes 2-4: leaf midrib templates 

extracted with variation 2; lane 5: stem template extracted with variation 2; lane 6: 

empty; lanes 7-9: leaf midrib templates extracted with variation 4; lane 10: stem template 

extracted with variation 4; lane 11: empty. All reactions were run at 46.3º C with 50 ng/µl 

of DNA and using the PAL gene primers.                                                                                                  

Bottom Lanes: Lane 1: D7058-Wide Range DNA markers; lanes 2-3 leaf midrib 

templates extracted with variation 1; lane 4: stem template extracted with variation 1; 

lane 5: empty; lane 6-7: leaf midrib templates extracted with variation 3; lane 8: stem 

template extracted with variation 3; lane 9: empty; lane 10-11 leaf midrib templates 

extracted with variation 5; lane 12: stem template extracted with variation 5. All reactions 

were run at 46.3º C with 50 ng/µl of DNA and using the PAL gene primers.                                                     

Results: There were bands associated with all the leaf midrib templates that were not 

ground in liquid nitrogen, and most of them that were. 
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Figure 3.6: Results of PCR using PAL primers and the rigorous isolation protocol 

with 100 ng of DNA  

LM = leaf midrib, S = stem, v(1-5) = number of variation of isolation protocol (figure 

2.1) 

Top Lanes: Lane 1: D7058-Wide Range DNA markers; lanes 2-4: midrib templates 

extracted with variation 2; lane 5: stem template extracted with variation 2; lane 6: 

empty; lanes 7-9: leaf midrib templates extracted with variation 4; lane 10: stem template 

extracted with variation 4; lane 11: empty. All reactions were run at 46.3º C with 100 

ng/µl of DNA and using the PAL gene primers.                                                                                         

Bottom Lanes: Lane 1: D7058-Wide Range DNA markers; lanes 2-3: leaf midrib 

templates extracted with variation 1; lane 4: stem template 1; lane 5: empty; lane 6-7: leaf 

midrib templates extracted with variation 3; lane 8: stem template extracted with 

variation 3; lane 9: empty; lane 10-11 leaf midrib templates extracted with variation 5; 

lane 12: stem template extracted with variation 5. All reactions were run at 46.3º C with 

100 ng/µl of DNA and using the PAL gene primers.                                                                                                        

Results: There were bands associated with all the leaf midrib templates that were not 

ground in liquid nitrogen, and most of them that were. 
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Figure 3.7: Results of PCR using PAL primers and the rigorous isolation protocol 

with 200 ng of DNA  
LM = leaf midrib, S = stem, v(1-5) = number of variation of isolation protocol (figure 

2.1) 

Lanes: Lane 1: D7058-Wide Range DNA markers; lane 2: leaf midrib template; lanes 3-

4: PEG leaf midrib templates; lanes 5-6: RNA leaf midrib templates; lane 7: negative 

control; lane 8: positive control with 100 ng of PEG leaf midrib sample. All reactions 

were run at 46.3º C with 200 ng/µl of DNA and using the PAL gene primers.                                  

Results: Strong bands were produced for all of the templates, except the negative control.  

 

  

When universal primers for fungi, bacteria, and phytoplasma were used in 

conjunction with the R. mangle DNA isolated from the Biscayne samples, both abnormal 

and normal samples produced PCR products that were visible on agarose gels (figures 3.8 

and 3.9). There were many products for all of the universal primers, and the PAL genes 

produced intense bands. There were many differential bands when comparing the 

abnormal samples to the control samples. Some of the bands were present in both the 

abnormal and control samples, but more intense in one or the other representing 

quantitative differences. Some bands were present in either the abnormal or control 

samples, and absent in the other, representing qualitative differences. 

 Some of the PCR products visible on the agarose gels migrated at or close to the 



50 

 

proper distance as would be expected given the specific primer pair used (indicated in 

figure 3.8 and 3.9 by red dots). All PCR products were compared to the D7058-Wide 

Range DNA markers (Sigma Aldrich, St. Louis, MO). It is possible that some of the 

sequences we obtained, because they are of unknown origin, were not the expected size 

due to deletions or insertions that may have occurred during the pathogen's evolution. 

 The bacterial primers 10F/480R produced many PCR products which differed 

both qualitatively (c.f. lanes 4 and 10, top) and quantitatively (c.f. lanes 2 and 8, top) 

depending on the annealing temperature for both the abnormal and control samples. As is 

indicated by the red dot (figure 3.8), the expected size of the bacterial fragment is 2502 

bp (table 1; Sandstrom et al. 2001; Hansen et al. 2007). There are PCR products of this 

size for both the normal and abnormal samples for all temperatures. For annealing 

temperatures of 53.9º C and above, this is the only band visible. 

 There were two sets of phytoplasma primers used (figure 3.8). For the 

phytoplasma primer pair P1/P7, the only PCR products of the expected size (1800 bp; 

Chen et al. 2009)) were at 47.5º C (lane 5, middle) for a normal control DNA template, 

and at 49.2º C (lane 6, middle) for an abnormal DNA template. None of the products 

obtained using the P1/P7 primers were specific to either the abnormal or control samples. 

The second primer pair, fU5/rU3, only produced PCR products at low annealing 

temperatures, and none were the expected size (882 bp; Chen et al. 2009). However, 

there were two bands of interest (lanes 2, 4, and 6, bottom, boxes A and B) produced by 

the fU5/rU3 primer set exclusively in abnormal samples and not in the control. 
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Figure 3.8: Universal primer run with bacterial and phytoplasma primers 

red dot = expected size for the respective primer, A = abnormal DNA template, C = 

control DNA template, blue boxes indicate the presence of a band 

Top Lanes: Lane 1: D7058-Wide Range DNA markers; lanes 2-13: 10F/480R bacterial 

primers; lane 14: empty; lane 15: abnormal PAL positive control; lane 16: control PAL 

positive control. An abnormal leaf template was used with the 10F/480R primers in the 

even lanes, and in the odd lanes a control leaf midrib DNA template was used. The 

temperature gradient used was from 45-60º C.                                                                                  

Middle Lanes: Lane 1: D7058-Wide Range DNA markers; lanes 2-13: P1/P7 

phytoplasma primers; lanes 14-16: empty. An abnormal leaf template was used with the 
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P1/P7 primers in the even lanes, and in the odd lanes a control leaf midrib DNA template 

was used. The temperature gradient used was from 45-60º C.                                                               

Bottom Lanes: Lane 1: D7058-Wide Range DNA markers lanes 2-13: fU5/rU3 

phytoplasma primers; lanes 14-17: empty. An abnormal leaf template was used with the 

fU5/rU3 primers in the even lanes, and in the odd lanes a control leaf midrib DNA 

template was used. The temperature gradient used was from 45-60º C.                                                            

Results: There were many bands for all of the primers, several of expected size. Of most 

interest were the differential bands displaying both qualitative and quantitative 

differences between the abnormal and control templates. 

 

 

 Three primer pairs were used to amplify fungal pathogens (figure 3.9). Primer pair 

NS1/NS8 produced a PCR product the correct size, but it was only in the control samples 

at low annealing temperatures (lanes 3 and 5 in figure 3.9, middle). NSA3/NCL2 and 

LSD/LS1 primer pairs both produced PCR products of the correct size, 1379 (Martin and 

Rygiewicz, 2005) and 1475 (Hausner et al. 1993) base pairs respectively, at all annealing 

temperatures.  However, the 1379 bp band produced from the NSA3/NCL2 primer pair 

appears to be a doublet in the abnormal samples (e.g. lane 4, top) while only a single 

band in the control samples (e.g. lane 3, top) at annealing temperatures below 50
o

C.  
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Figure 3.9: Universal primer run with fungal primers  

red dot = expected size for the respective primer, A = abnormal DNA template, C = 

control DNA template, blue boxes indicate the presence of a band 

Top Lanes: Lane 1: D7058-Wide Range DNA markers; lanes 2-13: NSA3/NCL2 fungal 

primers. An abnormal leaf template was used with the NSA3/NLC2 primers in the odd 

lanes, and in the even lanes a control leaf midrib DNA template was used. The 

temperature gradient used was from 45-60º C.                                                                                              

Middle Lanes: Lane 2: D7058-Wide Range DNA markers, lanes 2-13: LSD/LS1 fungal 

primers. An abnormal leaf template was used with the LSD/LS1 primers in the odd lanes, 

and in the even lanes a control leaf midrib DNA template was used. The temperature 

gradient used was from 45-60º C.                                                                                               

Bottom Lanes: Lane 1:D7058-Wide Range DNA markers; lanes 2-13: NS1/NS8 fungal 
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primers. An abnormal leaf template was used with the NS1/NS8 primers in the odd lanes, 

and in the even lanes a control leaf midrib DNA template was used. The temperature 

gradient used was from 45-60º C.                                                                                             

Results: There were many bands for all of the primers. Of most interest were the 

differential bands displaying both qualitative and quantitative differences between the 

abnormal and control templates. 

  

 

 

Of all the bands that were excised from the universal primer runs, two of the 

bands, labeled A and B (lanes 2, 4, and 6, bottom in figure 3.8) that showed the most 

potential of being a causal agent were associated with the fU5/rU3 phytoplasma primers. 

Since they were well defined bands that were present only in the abnormal tissues, they 

were sequenced and put through BLAST (Altschul, 1990). The resulting sequences are 

shown in figures 3.10 and 3.11. 

 Upon BLAST searching, there were several matches for the sequenced 

bands. The closest match to band B (figure 3.11) was an putative ubiquitin-protein (gene 

ID: 8265613 RCOM 0985450) from Populus trichocarpa, or California poplar, a 

deciduous tree native to North America. There were two close matches for band A. The 

first was to a gene from Medicago truncatula, a legume. The second was to a Glycine 

max (soybean) retrotransposon. These results will be discussed in the next chapter. 
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GAGGAAACTAATAAAAGAAGGAAGAATTTTGATACTTTGAACAAATGACAAG

TCTATGGTATTTATAGATGTGATAATGATTATTTGTCAATAGATACTTTTGGTTTG

GTGGCTAACAACTTGACCTTTTAACTTTACTTTATTTTTTGTCATTTATTATGAAA

TGATATATAAAATAGTGTTAATCCTTTTGTTAAAGGATCAGCCATGTTTTGACTT

GATCTTACAAAATTAATTATGATCACTCCATTTGTGATCAAGTCTCTCACATAGT

TATATCTAAGTCCAATGTATTTGGACTTACCATTATATACTTAACTATACAATCTT

GCTAGAGTTGCAGCACTATCACAATATATATAAATAGGTGCTAGTGGCTTTTGCC

ACAAAGGAATGTTATAAAGCAAATTCCTTAACCATTTTACTTCTTTACTTGTTG

AAGCTAATGTTAC 

 

Figure 3.10: BLAST results for band A  
DNA sequence of differential band A produced with abnormal leaf midrib DNA and 

phytoplasma primers fU5/rU3. 

 

 

 

 

GGTTTAATGTCGCCTCGAGCCCCCTCTGACCTTGACAGAATAGCAAGTGCACC

TAGAGCTTCAGATATGGCATTAGATCCATCATTTGCAGATTCTAAAAGAGAAAC

TAATGCAAGGACTGTTCCAGCACGATTCACACAATCTGTCACAGCATTGTCAA

TTCTGCGGGAATGAAGCAGACGACCAATTGCAGCTGCTGCATGTGTCTTTCCA

GAAACTGTTCCTTCACGAAGAACTCTCGTTGCAGGCAGAATAATTTCCTCAGG

TATTGCTTTCTCTGAAGCTTCACTGTCCAAAATAAGATTTGCCAGAGCACATGT

TGCCTGTTCAGCGACTTCTAGATTTAGAGAGTTAGCGAGTGTAACTAAAGGAG

GATATGCATCTCGAGCAATAGCGGCCACATCTCTATTATCCTTAATTGAGAGAA

ATAGTGCAGCAAGACAATGAGATGTCTCTAACAAAATGTTTTCAGATTCGACA

TTTAGCAATTTCATCACTGACCAGAAAGTTTTTAAAGCAATCCCACTTTCACGC

AAATCCTTCCTGACTTCAAAAATTCCAGCCAAAGCCGAGGCAGATTTTGCTTG

AGTCTCCACTTTGGTAGAGCTCAATAGTTTAATCATGGTCTCCATTGCATCATTT

GCTGCACTGCCTTCCCGTAATATATCACTCAACGGAACCACAGAGAGCATGCT

TCTTAAAGCATCTAGAACGTATATTTTTGATTCAGGCAAGTCACTGGTTAATAAT

GCTGTCAGCTGGCTGATAGTTGCCGTATCAGATTTATGGATCAAATGGTTTAAA

GTCTTCGCTGCAATTTCTTTTCCATTAGGGCTCCCATTCTTCAATAGCCATAACA

ATGCTGGAACAGCATCAGCACTTTCAACACATGCACGTATGTCTTCACTGTGAT

TGCATAAGTTCCGAAGGATTGTTGCAGAATCCTCCTTGGCTTTTGCAGATCCTG

TCTCTAGTATCTGAACCAGTGGGGGTATGCCACCAGCAGCAGTAATGGCCCAC

TTGCTTTCATCATTTTCATTAGACAGAAGGCAAAGCAAAGCAACTGCACATTC

TTGCTGTTGTTCTGATGACAGTCCAAGAAGAGATATCAACAACTGAACACCCT

CACGGCCTGAAG 

 

Figure 3.11 BLAST results for band B 
DNA sequence of differential band B produced with abnormal leaf midrib DNA and 

phytoplasma primers fU5/rU3. 
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Chapter IV: Discussion 

4.1 Development of new methods was necessary for isolation of high-quality, PCR-

amplifiable DNA from R. mangle 

 Standard kits for convenient and rapid DNA isolation are available from 

numerous biotechnology companies, with two of the most common ones being DNeasy® 

Plant Mini Kit (QIAGEN) and the FastDNA® kit (MP Biotechnology). Although these 

kits are designed to be suitable for use on tissues from many biological sources, our data 

show that they are not suitable for isolating PCR-amplifiable DNA from Rhizophora 

mangle L. This is not an uncommon problem with many plant tissues because of 

secondary metabolites (i.e., tannins, phenolics, excessive carbohydrates and other PCR 

inhibiting molecules). We have shown that by modifying a procedure originally 

developed for cotton leaves (which is another type of recalcitrant tissue due to high levels 

of phenolic terpenoids and tannins present in the cells; Maliyakal, 1992), with the 

addition of PEG 4000, we can obtain exceptionally high quality R. mangle DNA that 

efficiently serves as a PCR template. We also needed to develop a suitable set of primers 

for amplification of R. mangle DNA that could be used as a positive control in testing the 

PCR efficiency of different preparations of R. mangle DNA. Our first attempt was to use 

R. mangle microsatellite primers as the positive control. Unfortunately, testing of these 

primers for use as PCR positive controls showed that they were inefficiently and 

inconsistently amplified. This led to the use of the R. mangle genome sequences present 

in Genbank. These were partial gene sequences for five different phenylalanine ammonia 

lyase (PAL) genes. Alignment of these sequences led to the identification of a primer set 

that functioned reliably as a positive control due to the development of the modified 
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cotton DNA isolation protocol.   

 

4.2 Differences were found, using DNA profiling, between R. mangle samples taken 

from abnormal and control trees growing in Biscayne National Park 

 Universal primers, which are designed to amplify the most conserved DNA 

sequences from the genomes of specific microbial groups of bacteria and fungi, were 

used in the attempt to identify a pathogen within the abnormal R. mangle tissue taken 

from trees growing in Biscayne National Park that displaed disease-like symptoms. The 

use of universal primers was necessary in this study because, if a pathogen is present, its 

particular type is unknown so specific primers cannot be used. Six sets of universal 

primers were tested in this study; three for fungi, one for bacteria, and two for 

phytoplasmas (mollecute-type bacteria). These were chosen because the abnormal 

morphologies in some ways similar to those observed at Biscayne National Park have 

been associated with these types of pathogens in known diseases, as discussed in the 

Introduction.  

 The first PCR runs with any of the universal primers produced no bands. We 

showed that early DNA preparations using either DNeasy or FAST prep commercial kits 

likely had too many contaminants that inhibited the PCR reaction. When the more 

rigorous isolation protocol, specifically using methods that remove excess phenolic 

compounds (protocol 1), was developed and the DNA was used along with the PAL 

primers, PCR products were produced that were more intense than any produced with 

other protocols. Also, successful PCR reactions occurred within a larger temperature 

range, indicating the superiority of the new isolation protocol over the commercial kits 
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for extracting R. mangle DNA. 

 When protocol 1 was used for DNA isolation, amplification of R. mangle DNA 

with the universal primers resulted in differences in the PCR products produced between 

the trees with abnormal morphology and the trees without (figures 3.8 and 3.9). Our 

hypothesis was that if a pathogen is the cause for the abnormal morphology, unique 

microbial PCR bands should be produced in DNA isolated from the abnormal trees. 

Bands A and B in figure 3.8 produced using phytoplasma primers fU5/rU3 were both 

present only in the abnormal tissues and thus were considered the most promising 

possibility of being from the putative causal agent for the observed abnormal morphology 

at Biscayne National Park. However, they were not the expected size and they were only 

amplified at low annealing temperatures which are factors that indicate they may not be 

from a pathogen. They, in fact, are most likely non-specific plant DNA amplification 

products, as explained below. 

 For band B in figure 3.8, sequence analysis showed that its sequence was closely 

matched to an uncharacterized protein from Populus trichocarpa, a plant protein. It is 

unlikely that the DNA has anything to do with a pathogen. For band A in figure 3.9, there 

were two close matches for the sequence but the first match, to a gene from Medicago 

truncatula, a legume, was less intriguing than the second. The second match, which is of 

more interest, was to a Glycine max (soybean) retrotransposon. Retrotransposons are 

sequences of DNA that act as jumping genes, in that they move from one place to another 

within the genome (Pray, 2008). Retrotransposons can become activated when under 

stressful conditions, such as severe changes in carbon levels, temperature, and UV light 

(Ilves, 2001). It is possible this could be happening in the abnormal plants and not in the 
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control plants, because the bands coresponding to this gene were only present in the 

abnormal plants (figure 3.8). This could possibly be the result of a transposition event 

that fortuitously created primer binding sites close enough to allow PCR amplification as 

a result of the DNA rearrangement.  The sites are most likely not an exact match to the 

primers since they only amplify at the lowest annealing temperatures. This result could 

indicate a stressor in the environment present in only the abnormal plants, which could be 

correlated with the observed abnormal morphology. To pursue this possibility, DNA 

would have to be isolated from more replicates of abnormal and control plants from 

Biscayne National Park with similar results as above. 

 Transpositional elements were first found in maize, and have since been 

associated with unstable mutant phenotypes in many plants, such as soybean (Feschotte, 

et al. 2002). Two retrotransposons have been identified in tobacco, the Tnt1A and Tto1 

elements. Tnt1A element is activated by wounding and viral, bacterial, and fungal attacks; 

Tto1 element is similarly induced by viral attacks, wounding, and salicylic acid 

(Grandbastien, 1998). These retrotransposons are activated by both biotic and abiotic 

factors that normally elicit the activation of defense responses in plants. Transposable 

elements provide much genetic variation and, because they are induced by stress, it is 

speculated they play a role in an organisms ability to adapt to environmental changes, 

however no proof has been provided thus far (Grandbastien, 1998). Taking this into 

account, however, presents a case that a retrotransposon was amplified from the abnormal 

R. mangle tissue and not the control tissue because it was activated in response to an 

environmental stressor that may be the cause of the abnormal morphologies observed in 

the Biscayne area. However, it is also possible that the unknown plant protein (the other 
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match) is an uncharacteristic defense protein activated by stress conditions within the 

abnormal plants. 

 There was also a notable difference in PCR fragments between reactions using the 

abnormal versus the normal tree DNA with the fungal primer pair NSA3/NCL2. This 

difference is visible at the expected size for this primer pair at lower annealing 

temperatures. The bands for the abnormal DNA templates are a doublet while there is 

only a single band for the control DNA templates at the lower temperatures. Further 

characterization of these bands through cloning and sequencing the PCR products would 

reveal more about the identity of these bands. 

 Many of the bands produced by the bacterial and fungal primers were similar 

between the abnormal and normal control DNA templates. Since the primers will produce 

a PCR product of the same size for a broad range of microbes that may be present, it is 

quite possible that the presence of pathogen-specific PCR products is masked by the 

presence of non-pathogenic microbial PCR products of the same size. These can only be 

distinguished by characterization of multiple clones isolated from the purified band seen 

on the agarose gels.  This was beyond the scope of my project, but is being persued by 

Dr. D. Devlin’s laboratory.   

4.3 Future studies 

 If this study were to be continued, now that a strong positive control has been 

established and an isolation protocol has been found that produces extracts with little 

contaminants, more samples would have to be collected from different areas of the 

mangrove forest located at Biscayne National Park in order to compare abnormal trees 

from different areas throughout the dwarf forest. There were also many other differential 
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bands that showed differences between the abnormal and control tissues for all of the 

bacterial, fungal, and phytoplasma primers (figures 3.8 and 3.9) that were excised that 

can be sequenced and put through BLAST to find any possible relations to any known 

pathogens. 

 There are several tests that could be conducted to further the knowledge about the 

abnormal R. mangle observed at the park. Sediment cores could be taken from the areas 

where the normal dwarf trees were growing and the areas where the abnormal tress were 

growing. Comparing the levels of nutrients available to both types of trees might provide 

a reason for the differences in growth patterns and degree of herbivory. Setting up insect 

traps on and around the trees would provide information about what is causing the 

herbivory seen on the leaves of the R. mangle plants, which could be compared between 

the abnormal and normal trees. Insects are known vectors of pathogens (Hogenhout et al. 

2008), and different insects carry different pathogens, so the type of insects found could 

give a clue as to what type of pathogen, if any, exists within the plants. 

 A study done on Sparina alterniflora, cord grass that grows in salt marshes, by 

Sullivan and Daiber (1974) showed that plants receiving nitrogen fertilizer yielded three 

times as much (measured in terms of fresh weight) as plants receiving no fertilizer. The 

cord grass that was receiving the nitrogen fertilizer grew more densely and was a darker 

green than the control plants. This situation of different morphologies within the same 

environment is similar to that observed with the R. mangle trees at Biscayne National 

Park. The trees with the abnormal morphology were all several feet taller and those that 

weren't dead had a greater amount of foliage than the control plants surrounding them 

(unpublished observations, D. Devlin). This could suggest a possible inequality in the 



62 

 

distribution of nutrients, like nitrogen or phosphorous, throughout the mangrove forest 

that could be causing the difference between the abnormal and control plants. The 

increase in foliage and nutrient uptake of the abnormal trees indicates higher levels of 

productivity, which may be correlated to a decrease in the amount of defense compounds 

stored in the leaves (Feller, 1996). Such a decrease in defense compounds makes the 

plant more susceptible to attacks by bacteria and fungi. These trees also tend to suffer 

from heavier herbivory, perhaps because a decrease in defense compounds may be 

making the leaves more palatable, and many of the insects that feed on plants serve as 

vectors for pathogens. In short, an uneven distribution of nutrients throughout the 

mangrove forest could make some trees more susceptible to pathogens than others, which 

would explain why only some of the trees at Biscayne National Park displayed abnormal 

morphology while others appeared normal. 

 As described in the introduction, much of today's mangrove forests are 

surrounded by both urban sprawl and agricultural land and thus are subject to runoff and 

wastes, often including pollutants such as heavy metals and nitrogen fertilizers 

(MacFarlane and Burchett, 2002). The mangrove forest at Biscayne National Park grows 

right along the miles of long, extremely deep cooling channels for the water that comes 

out of Turkey Point nuclear generating system. The water comes out of the power plant 

extremely hot and much of it evaporates quickly, which concentrates solutes in the water. 

If there were toxins, such as metals, in the water within the cooling channels, it is 

possible they could be seeping over to the dwarf mangrove forest. Mangroves do possess 

a tolerance to increased levels of heavy metal pollution, but the accumulation of  metals 

such as copper, zinc, and lead in the tissues can cause growth inhibition and increased 
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mortality (MacFarlane and Burchett, 2002). Pesticides affect mangroves similarly, often 

causing species-specific diebacks when present in high concentrations within an 

ecosystem (Duke et al. 2001). It is possible that a toxin or pesticide could be the cause of 

the abnormal morphology at Biscayne Bay, but most often these are associated with large 

regions of dieback, not differing morphology.  

4.4 Conclusions 

 Mangroves serve a fundamental role in estuarine ecosystems throughout the 

world, providing many ecoservices, like a nursery for juvenile fish, that are not available 

from any other species. Because they are so important to their environment, mangroves 

need to be protected. When populations are threatened by an unknown agent, as is the 

case in Biscayne National Park, finding the cause is essential to protecting that 

population. A procedure was developed in this thesis that allows clean DNA to be 

extracted from the midrib of the leaves of R. mangle. Once clean DNA was extracted that 

did not contain PCR-inhibiting contaminants, universal primers were used to test for the 

presence of a pathogen. Definitive results were not obtained, but, through the 

development of a DNA isolation protocol for R. mangle that consistently produced high 

quality extracts, the way was paved for future studies not only related to potential 

pathogens, but also to other numerous aspects of mangrove genetics.  
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Appendix 

Protocol 1: Modification of Permingeat et al. (1998) Cotton Genomic DNA Isolation 

Procedure 

 
RT = room temperature 

a) Excise 100 mg leaf midrib tissue, chop finely with a razor blade, add to 2 ml tube with 

500 µl cold extraction buffer. 

b) Centrifuge at 16.1g 20 min at 4º C, discard supernatant. 

c) Add 200 µl lysis buffer (to which 1% PEG 4000 has already been added) and beads. 

Put in FastPrep® 24 homogenizer for 40 seconds at grade 6.  

d) Incubate in 65º C water bath for 30 min. Agitate tubes every 10 min. 

e) Add 240 µl chloroform:isoamyl alcohol (24:1) and mix gently, inverting tube, until an 

emulsion forms. Centrifuge at 16.1g for 20 min at 4º C. 

f) Carefully transfer aqueous phase (top phase) to a clear 1.5 ml microfuge tube. Add 240 

µl chloroform:isoamyl alcohol (24:1) and shake sample vigorously. Centrifuge at 12,000g 

for 8 min. 

g) Carefully transfer aqueous phase (top phase) to a clear 1.5 ml microfuge tube. Add 

equal volume of  cold isopropanol; mix gently and let stand at room temperature for at 

least 1 hour. 

h) Centrifuge at 16.1g for 10 min (RT). Decant supernatant and let tubes air dry by 

placing them on the side on a paper towel (alternatively, tubes can be put in fast vac for 5 

min). 

i) Add 200 µl cold 76% ethanol/0.2 M Na Acetate. Place at 4º C for 1 hour to overnight 

(good stopping point). 
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j) Centrifuge tubes at 16.1g for 10 min. Carefully discard supernatant, rinse the pellet 

with ~100 µl cold 70% ethanol. Let tubes air dry by placing them on the side on a paper 

towel (can be put in fast vac for 5 min). 

k) Resuspend pellets in 100 µl EB buffer using the force of a 1000 µl pipette. Incubate at 

65º C for 15 min. 

l) Centrifuge at 16.1g for 10 min (15ºC). Transfer supernatant to new tube. Add RNase to 

a concentration of 20 µl/ml, mix gently and incubate at 37º C for 15 min. 

m) Add 0.1 volume of 3 M Na Acetate and 2 volumes of 95% ethanol for DNA 

precipitation. Place at -20º C for 1 hour (can let set overnight if needed). 

n) Centrifuge at 16.1g for 10 min. to form DNA into pellet. Once pellet is dry, add 50 µl 

EB buffer, put in 65º C water bath for 30 min, mixing after 15 min. 

o) Analyze the samples via Nanodrop spectrophotometer. 

 

Extraction Buffer (EB, pH 6.0) 

.35 M glucose 

0.1 M Tris Hcl 

5.0 mM Na-EDTA (pH 8.0) 

2% Polyvinylpyrrolidone (PVP), 40,000 MW 

0.1% DIECA, diethyldithiocarbamic acid sodium salt 

0.2% beta-mercaptoethanol (add just before use) 

 

Lysis Buffer 

0.1 M Tris HCl 

1.4 M NaCl 

20 mM Na-EDTA (ph 8.0) 

2% CTAB, cetyl trimethylammonium bromide  

0.1% DIECA, diethyldithiocarbamic acid sodium salt 

0.2% beta-mercaptoethanol (add just before use) 

optional: 1% PEG 4000, polyethylene glycol 
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Protocol 2: Modification of Fu et al. (2004) Mangrove RNA Isolation Procedure 
 

a) Put 400 µl CLS-VF and 100 µl PPS from  FastDNA® kit into a tube with beads. 

b) Put 1 cm
2
 or 0.065 g excised leaf midrib tissue into the tube. Put in FastPrep ® 24 

homogenizer for 20 sec at grade 5.5. Centrifuge briefly. 

c) Add 500 µl CTAB extraction buffer (see lysis buffer from protocol 1, including 1% 

PEG 4000). 

d) Centrifuge at 16.1g for 8 min. transfer supernatant to new 1.5 ml tube. 

e) Add 750 µl chloroform:isoamyl alcohol (24:1) and shake sample vigorously. 

Centrifuge at 10,000g for 8 min at 4º C. 

f) Carefully transfer aqueous phase (upper phase) to new tube. Add 750 µl 

chloroform:isoamyl alcohol (24:1) and shake sample vigorously. Centrifuge at 12,000 g 

for 8 min at 4º C. 

g) Go to step g) in protocol 1. 
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Table 1: Information about primers used for PCR 

Primer Pair Sequence (5'-3') Amplico

n Size 

(bp) 

Specificity Reference 

RmPAL-L 

/RmPAL-R 

cgcaatttttgcagaagtca/cc

actgtggggaagtcctta 

217 Rhizophora mangle L. 

PAL gene 

Cheeseman & 

Dassanayake, 

unpublished 

sequences 

P1/P7 aagagtttgatcctggctcagg

att/cgtccttcatcggctctt 

1800 universal phytoplasmas Chen et al. 2009 

fU5/rU3 cggcaatggaggaaact/ttca

gctactctttgtaaca 

882 universal phytoplasmas Chen et al. 2009 

10F/480R agtttgatcatggctcagattg/

cacggtactggttcactatcggt

c 

2502 universal bacteria Sandstrom et al. 

2001; Hansen et 

al. 2007 

NS1/NS8 gtagtcatatgcttgtctc/tccg

caggttcacctacgga 

~1769 universal fungi Cheng et al. 

2004 

LSD/LS1 ggaacctttccccacttc/agta

cccgctgaacttaag 

1475 universal fungi Hausner et al. 

1993 

NSA3/NLC

2 

aaactctgtcgtgctggggata/

gagctgcattcccaaacaactc 

1379 universal fungi Martin and 

Rygiewicz, 2005 
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Table 2: Information from the NanoDrop Spectrophotometer 

A = abnormal tissue, C = control tissue, 260/280 values around 1.8 were considered 

reasonably pure, results either higher or lower than 1.8 were considered impure 

reasonably pure, results either higher or lower than 1.8 were considered impure 

 

 

 

 

 

 

Sample ID Fast Prep DNeasy with beads DNeasy

type tissue 260/280 260/280 260/280 260/280 260/280 260/280

A phloem 31.86 1.53 36.1 1.69 100 26.87 1.86 100 26.72 1.76 25 3.03 1.16 100 3.87 1.21 25

A phloem 36.44 1.5 36.1 1.64 100

A leaf 26.91 1.66 300.8 1.93 100 12.13 1.34 25 7.41 1.34 25

A leaf 34.99 1.91 100 8.59 1.24 25 8.16 1.16 25

A leaf 4.7 1.09 25 3.16 0.66 25

A leaf 4.21 0.88 25 0.5 0.19 25

A leaf 6.26 1.19 25 3.67 0.86 25

A leaf 16.12 1.64 25 1.79 0.61 25

A leaf 24.41 1.8 27.9 1.94 100 9.11 1.76 100 22.45 1.92 25 1.24 1.27 100 3.74 1.19 25

A leaf 26.97 1.81 29.9 1.91 100

A leaf 34.96 1.77 36.2 1.85 100 0.56 0.54 100 2.94 2.44 25 0.71 1.94 100 2.22 1.03 25

A leaf 26.56 1.78 30.5 1.75 100

A leaf 31.17 1.71 31.6 1.95 100 10.51 1.64 100 1.15 0.92 25 0.82 0.49 100 0.02 -0.01 25

A leaf 31.54 1.62 35.6 1.73 100

C leaf 20.67 1.98 26.4 2.13 100

C leaf 19.13 2.71 25.5 2.28 100

C leaf 19.27 2.03 25.7 1.86 100

C leaf 25.49 1.41 23.7 2.25 100

A stem 42.94 1.33 48.1 1.47 100 15.68 1.82 50 4.68 2.12 50

A stem 39.55 1.42 40.5 1.41 100 8.3 1.67 50 1.93 7.82 50

A stem 28.98 1.39 33.3 1.45 100 8.22 1.69 50 3.07 17.43 50

A stem 27.9 1.93 35.6 1.9 100 5.85 3.34 50 6.65 2.04 50

C stem 25.74 2.02 32.2 1.87 100

C stem 15.93 2.49 20.4 2.46 100

C stem 20.51 2.23 23.4 2 100

C stem 30.99 1.53 36.7 1.51 100

1st analysis 2nd analysis 1st elution 2nd elution 1st elution 2nd elution

ng/µl ng/µl e(µl) ng/µl e(µl) ng/µl e(µl) ng/µl e(µl) ng/µl e(µl)
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Table 3: Rating of DNA template quality (as assessed by A260/A280 ) and band 

intensity after PCR 

Bands and their corresponding DNA templates were compared to try and establish a 

correlation between the quality of the DNA used in a reaction and the band produced, but 

no correlation was found. 

Figure # Procedures DNA Template Quality
+
 

(0-4) 

260/280
* 

3.1 Smaller temperature gradient 

PCR with microsatellite 

primers 

abnormal leaf 

midrib 

4 1.91 

Results not 

shown 

Smaller temperature gradient 

PCR with microsatellite 

primers 

abnormal leaf 

midrib 

4 1.91 

Results not 

shown 

Temperature gradient PCR 

with universal phytoplasma 

primers 

abnormal leaf 

midrib 

0 1.77 

Results not 

shown 

Temperature gradient PCR 

with universal phytoplasma 

primers 

abnormal stem 0 1.33 

3.2 Temperature gradient PCR 

with microsatellite primers 

abnormal leaf 

midrib 

2 1.66 

3.2 Temperature gradient PCR 

with microsatellite primers 

abnormal leaf 

midrib 

3 1.91 

3.2 Temperature gradient PCR 

with microsatellite primers 

abnormal leaf 

midrib 

2 1.77 

3.2 Temperature gradient PCR 

with microsatellite primers 

abnormal leaf 

midrib 

0 1.33 

Results not 

shown 

Temperature gradient PCR 

with universal phytoplasma 

primers 

abnormal leaf 

midrib 

1 1.71 

 

+ Individual bands in several gels were given a number (0-4) based on the intensity of the 

 band (assessed visually) 

* The A260/A280 is a measure of the quality of the DNA extracts 
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